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Oceanography: The Underpinning for Understanding Environmental Issues

Robert B. Gagosian

Woods Hole Oceanographic Institution
Woods Hole, MA 02543

USA

In this the International Year of the Ocean it is most appropriate to assess the state of the
marine environment and evaluate the technology and techniques used in this assessment.
This assessment is difficult due to our lack of understanding of the processes governing
our largest environment on earth, the oceans.

I will use video in my presentation to first show how the energy from the ocean and
below the ocean floor is the fuel for the majority of this planet's natural events from
earthquakes to volcanoes to hurricanes to being the flywheel of our climate change.
Throughout the presentation, 1 hope to show that oceanography is the underpinning of
understanding of global and local environmental issues and understanding how the
oceans work will have major economic benefits for all of us in the future.

This will be accomplished by giving a local example such as the new Boston Harbor
sewage outfall pipeline and global examples of red tide and the disposal of nuclear
reactors from submarines and power plants and their effect on our ecosystem and health.

New technology has completely changed the way we undertake these studies today.
Underwater and underway chemical, acoustic and optical sensing systems have opened
up new opportunities for collecting data over long periods of time and transmitting it in
real time over great distances. Examples of this new autonomous underwater vehicle
"robotic" technology will be given.

In order to determine the effects of man on the ecosystem it is important to assess the
natural backgrounds of chemicals of interest. Nature creates its own type of pollution in
the form of the hydrothermal vents which put vast amounts of metal (e.g., iron, zinc,
copper, silver, etc.) sulfides into the water column. Ascertaining this input and the time
dependency of it is essential for our evaluation of its importance locally as well as
regionally. Examples of the use of technology to address this problem will be given.

In summary, the presentation will review the state of our knowledge of the natural
processes important for our assessment of the health of the oceans. This information will
then be integrated with examples of pollution events having both local and global
ramifications.
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Approaches t-o addressing the problems of
pollution of the marine environment

by Gunnax Kullenberg, IOI, Malta

The gradual degradation of the marine environment through
contamination and pollution is one of the major issues of today
and as it appears of tomorrow. The human waste production is
more or less proportional to the population and the poverty.
Both these are increasing.

Marine pollution problems were becoming evident in regional seas
several decades ago. It was an issue at the Stockholm Conference
on the Human Environment in 1972. Before that many actions had
been initiated e.g. in the North Atlantic region and some other
places, following major pointed disasters of oil and of metal
pollution. At the international level regional cooperation had
started, e.g. in the Baltic and North Seas and GESAMP had been
established in 19 69, by the UN agencies associated with the
ocean. Following the Stockholm Conference the IOC-GIPME
programme was firmly established.

More importantly, UNEP was created, and with it the Regional Seas
programme. This started in the Mediterranean, and the story of
its further development is well known. Other regional
cooperations have also developed further since the Stockholm
Conference, in particular HELCOM, and the Oslo and Paris
Conventions. The Baltic one and the Paris one were land-marks
in addressing the problem of land-based sources of pollution.

At the global level much emphasis was given the issue of
pollution from ships,, and this has also been tackled rather
successfully through the efforts of IMO and its members. GESAMP
prepared its first and second reviews of the state of the marine
environment, and Professor Goldberg published his book on the
Health of the Ocean. These, and other efforts, clearly
demonstrated the overwhelming importance of land-based sources
of marine pollution, including the long-range transport through
the atmosphere. This had also been very well demonstrated
through the acid rain problem.

Therefore it was no surprise that the preparatory work for UNCED
1992 identified the land-based sources problem as a key one,
together with the environmental institutional and infra-structure
problems.

These matters are also fully acknowledged in Chapter 17 of Agenda
21, as well as other results of CTNCED.

Following TTtfCED there has been several developments towards a
more integrated approach as regards environmental matters, and
the connection or coupling between UNCLOS and UNCED follow-up is
being preceived and pursued. This is evident, for instance, in
the recent revisions of the Barcelona Convention for the

Mediterranean, of OSPAR Convention combining Oslo and Paris
Conventions, and the Black Sea Environmental Programme. At the
global level the land-based sources problem is pursued through
the Global Programme of Action for protection of the marine
environment against land-based activities (GPA-LBA) adopted in



Washington B.C. 1995. This is being implemented through a
regional approach with UNEP as the lead agency. However, it also
involves all the specialised agencies of the United Nations
system.

The scientific, observational and related capacity building
efforts have continued throughout- They have been strengthened
through increasing cooperation and inter-agency joint
programming. The GIPME Programme is now jointly sponsored by IOC
of IJNESCO, UNEP, IMO and lAEA.^ The Marine Environmental Studies
Laboratory, being established in the IAEA-MEL, is an inter-agency
effort of IAEA, UNBP and IOC, serving regional and global
conventions and agreements, as regards training, inter-
calibrations, preparation of standards and reference materials,
quality control and assurance- The GIPME programme is providing
outside expertise. The Global Ocean Observing System (GOOS) is
jointly sponsored by IOC, WMO, TINEP and ICSU, and possibly IAEA.
The scientific community has contributed tremendously to the
identification of the problems, suggestions for solutions and
building awareness. However, the socio-economic aspects and
effects of marine pollution have not been sufficiently studied
or quantified and the economical consequences have not been
documented enough. Hence actions on part of decision makers are
still far from sufficient.

The paper presents the development summarised above with, some
specific illustrations, and aims at demonstrating that the
approaches adapted to address the problem have successfully
identified issues and pointed the way to deal with them, that we
know enough to take action, and that capacities are available.
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An overview of five decades of studies of cosmogenic nuclides in oceans

D.Lai
Scripps Institution of Oceanography
Geosciences Research Division
La Jolla, CA 92093-0220 USA

The two principal fluid reservoirs on the earth, the atmosphere and the oceans, form a coupled
system that governs the march of climates. The nature of their large-scale circulation,
encompassing a wide range of space and time scales, has been the principal focus of attention of a
great variety of physical and chemical studies during the past 50 years. Oceans, representing by
far the largest dynamic terrestrial reservoir of heat, also are a storehouse of information about past
climates. This record is contained in their expansive water-masses and sediment deposits. In the
early fifties there began an era of development of new techniques of decoding this information,
through the use of natural radiotracers. In the initial stages, the easier-to-study radiotracers
belonging to the U-Th series, were employed. With the development of sensitive radiation
detectors, radioisotopes produced by cosmic radiation were detected in the marine environments,
and have since been increasingly employed as tracers for marine physical, biological and chemical
processes. They help obtain space-time integrals for a great variety of key marine processes, e.g.
oceanic column biological and chemical processes, nutrient cycles, oceanic circulations and mixing
rates.

In this talk, an overview will be provided of the nominally one dozen cosmogenic nuclides which
are used extensively in oceanography and climatic studies. The current emphasis on basic oceanic
studies owes itself to the urge to understand natural processes, strengthened by the necessity to
keep oceans from being polluted. Thus, monitoring the state of the oceans is serving a dual
purpose. In this exercise, the cosmogenic nuclides are playing an ever-increasing important role.
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PATHWAYS AND MEAN RESIDENCE TIMES OF DISSOLVED
POLLUTANTS IN THE OCEAN DERIVED FROM TRANSIENT TRACERS

Peter Schlosser

Lamont-Doherty Earth Observatory of Columbia University
Palisades, N.Y., 10964, USA

Department of Earth and Environmental Sciences, Columbia University,
New York

Transient tracers such as, for example, tritium, He-3 and CFCs are trace
substances that are delivered to the ocean surface waters at relatively well-
known, time-dependent rates. Due to their transfer from the relatively well-
mixed atmosphere, they are frequently used in oceanographic studies as regional
or global 'dyes' to infer pathways and mean residence times of specific water
masses. The penetration of transient tracers into the interior of the oceans is a
close analog to the spreading of surface perturbations such as the contamination
of a water mass by a dissolved substance on regional or global scales. In this
contribution, the potential of transient tracers for studies of the transport of
dissolved pollutants in the ocean is outlined on the basis of regional and global
data sets obtained during several large programs including GEOSECS
(Geochemical Ocean Sections), TTO (Transient Tracers in the Ocean), and
WOCE (World Ocean Circulation Program). Additionally, the application of
transient tracers to studies of the pathways and mean residence times of
dissolved contaminants in the Arctic Ocean and its adjacent seas is discussed.
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Monitoring of trace metals in the marine environment: Looking Backward and Looking
Forward

R.S.S. Wu and T.C. Lau

Biology and Chemistry Department, City University of Hong Kong, Tat Chee Ave.,
Kowloon, Hong Kong, China

Traditionally, monitoring of metals in the marine environment has involved
quantification and comparison of metals in sea water and sediment. The main problem
associated with monitoring metals in sea water is that concentrations are typically low,
making analysis difficult and contamination problems significant. Furthermore, no time
integration can be provided in discrete water sampling, and hence a large number of water
samples must be taken and analysed to cover the considerable temporal variations of metals in
the marine environment [1]. Monitoring metals in sediment poses another set of problems :
effects of particle size, organic content and redox potential on metal levels are significant, and
in addition, these factors are difficult to standardise and account for. Bioavailability of metals
in sediment are also difficult to determine [2].

Due to problems and limitations associated with monitoring trace metals in water and
sediment, biological indicators have been commonly used in the last two decades. In
particular, mussels have been widely used to monitor and compare metals in coastal marine
waters on a global scale [3]. The use of biological indicators has obvious advantages over the
use of water and sediment in metal monitoring, since biological indicators can concentrate
metals and provide a time-integrated estimate of metal concentrations in the monitoring
environment, whilst only the bioavailable fractions of metals are accumulated. However,
major shortcomings in the use of biological indicators include difficulties in standardising the
sex, size, reproductive and nutritional stages of the species, which may have significant
effects on metal accumulation. In addition, different species may have different strategies of
metal accumulation. Difficulties also exist in ascertaining the well being and survival of the
biological indicators species in polluted areas. Limits of natural distribution often prevent
direct comparisons between different indicator species in different geographic areas and
environmental conditions. Furthermore, environmental effects on the uptake and depuration
of metals in the biological indicators are generally poorly understood.

Recently, we have successfully developed a novel chemical device for monitoring
heavy metals in the aquatic environment. The device consists of a polymer ligand (e.g.
Chelex-100) suspended in artificial sea water within a plastic tubing, which is sealed at both
ends with permeable gels. Results of our laboratory experiments have shown that both
uptake and release of Cu, Cd, Cr, Pb and Zn by the chemical device are directly related to
metal concentrations in the ambient environment. Concentration factors for various metals
within the chemical device are comparable to biological indicators, while the coefficient of
variability is lower. Results of anodic strip voltammetry studies further demonstrate that the
ligand predominantly takes up the ionic and labile metal species (the bio-available fractions) in
sea water. Uptake and release of metals by the device are not significantly affected by
fluctuations in environmental factors such as temperature and salinity, as well as short term
fluctuations in ambient metal concentration.



Field experiments have been carried out in which the chemical devices were deployed side by
side with the green mussel (Perna virvidis) at three locations with different levels of metal
contamination. Levels of metals accumulated by the device were able to provide a time-
integrated estimate of metal levels in the monitoring environment. The results further showed
that both spatial and temporal variations of metals concentrations in the chemical devices
closely resembled those in the mussels, indicating that the uptake and release of metals by the
chemical device were similar to this commonly used biological indicator.

The performance of this chemical device has been evaluated against the selection
criteria for biological indicators [4], and the chemical device meets all the selection criteria
for an ideal metal biological indicator. In addition, the use of this chemical devices confers
major advantages over existing monitoring techniques. Since the device can be deployed in
different hydrographic conditions over a wide geographic area, it will be able to provide a
direct comparison of metal monitoring results world-wide. The device can also be used to
monitor metals in a highly polluted environment (e.g. in the vicinity of industrial and sewage
outfalls), where survival and / or metal accumulation of biological indicators may be seriously
affected.
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Estimating the Quantities of Persistent Chemicals Entering Coastal Waters of England

and Wales from Land-based Sources

RJPentreath
UK

There are many substances which are variously classified under national and International lists as

being in need of specific regulation, in order to reduce their input into marine waters. Some of

these occur naturally-, some are discharged under authorisation directly into rivers, estuaries, or

the open sea, some are discharged into sewers, and thus may enter the aquatic environment via

sewage treatment works' effluents, or from sewage sludge dumped at sea, and some - such as

pesticides and fertilizers * enter the aquatic environment diffusely because of their use, and may

also do so via atmospheric pathways.

In view of these varied inputs, it is clearly important to have a reasonable indication of the relative

importance of each source in order to ensure that regulatory and pollution control measures are

used to greatest effect For England and Wales this requires the sampling of 129 rivers, plus over

200 sewage outfalls and industrial discharges which are downstream of the riverine freshwater

limits. Fjtfimates of the loads of chemicals entering coastal waters have been calculated using both

"high load" (limit of detection) and "low load" methods. The chemicals studied since 1990

indude cadmium, mercury, copper, zinc and lead, the pesticides lindane and simazine; and total

nitrogen and orthophosphate.

and inorganic suspended material has therefore been an essential development in the use of the

technique. The presence of marine algal blooms, and their possible relationships to land-based

inputs of nitrates, has also been studied using the precise spectrum of chlorophyil-a. This

tochmque has been used to map chlorophyil-a concentrations along the entire coastline of England



and Wales in the spring and early summer months of 1995. Detailed aerial surveys of fourteen

major estuaries in England and Wales have also been undertaken (in 1996) in order to relate

terrestrial and aquatic environmental quality irtfonnatioa. Specific spectral tuning has also been

uaed to detect oil pollution in areas where it was otherwise undetectable visually. More recently,

the additional use of LJDAR has enabled unique three- dimensional CAST, images to be obtained.

These are being used specifically to define long-term estuarine and coastal reference sites for

environmental monitoring.

AJ1 airborne remote sensing requires calibration by 'ground thruthing' observations. This is

normally carried out by the simultaneous use of coastal vessels, which are both expensive and of

limited availability. Marine buoys have therefore been developed, for deployment in key areas,

which can measure a wide range of water and meteorological parameters. The data are logged

but can also be simultaneously transmitted to shore stations in real time. Such buoys can be

deployed, without maintenance, for a month at a time.

Because the pressures upon the coastal environment are continuing to increase, as a result of

climate change, population pressures, and industrial developments, ft has become increasingly

necessary to develop more efficient and effective techniques for its active management. The

Environment Agency will therefore be continuing to use and develop remote sensing techniques

as the only practical means of continually monitoring and surveilling its estuarine and coastal

waters.
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Temporal Variations in the Plutonium Inventory in the Northwestern
Mediterranean Sea and its Relation to Vertical Particulate Flux

S.W. FOWLER, V.E. NOSHKIN, J. LA ROSA and J. GASTAUD

IAEA Marine Environment Laboratory, P.O. Box 800, MC98012 Monaco

Over the last two decades, a considerable effort has been expended on
measuring the levels and distribution of the transuranium nuclide 239+240pu in

Mediterranean waters, sediments and biota [1]. Nevertheless, there are only very few
adequate data available which can be used to assess temporal trends in changes of the
plutonium inventories in the Mediterranean Sea. To specifically examine this aspect,
sediment trap experiments were carried out in the northwestern Mediterranean during
1989-90 to measure variations in the downward vertical flux of plutonium and other
radionuclides. The aim was to compare plutonium removal rates via sinking
particulate matter with independent estimates of radionuclide removal to sediments
based on temporal changes of plutonium inventories in the water column.

During April-July 1990, automated time-series sediment traps were moored at
200, 500, 1000 and 2000 m in a 2475 m deep water column (42°N 06°E) in the Gulf
of Lions to collect sinking particles. Each trap was set to collect particles during a 13-
day period. Subsequent radioanalysis showed that at 200 m, 239+240pu concentrations
in particles increased by a factor of 4.4 (1.92-8.45 Bq kg"') during the course of the
two-and-a-half month experiment. 24lAm levels varied by a factor often (0.032 - 3.33
Bq kg"1) but did not follow the same temporal trend as 239+24Opu. The highest fluxes of
2.i9+240pu a n ( j 24i^m cQJncjjed with m e period of maximum sedimentation indicating
that mass flux was the main factor controlling transuranic flux. These radionuclide
fluxes were similar to those recorded off Corsica during spring 1986 [2], but they
were an order of magnitude lower than 239"240Pu and 241Am fluxes measured during fall
1983 in the high sedimentation regime of the Lacaze-Duthiers Canyon in the Gulf of
Lions [3]. Clearly, the vertical flux of these two radionuclides depends to a large
extent on the degree of sedimentation and, therefore, transuranic fluxes can be
expected to vary considerably throughout the northwestern Mediterranean basin.

High resolution profiles of transuranic concentrations in sea water measured at
this site during early May gave corresponding radionuclide inventories above 200 m
of 5.91 (239+240Pu) and 0.526 Bq m'2 (24lAm). Under the assumption of steady state
conditions, the transuranic fluxes resulted in a residence time for 239+24Opu and 24lAm in
the upper mixed layers of approximately 24 and 5.3 a, respectively. These residence
times are considerably longer than those (2.5 and 0.14 a, respectively) reported for a
17-day sediment trap deployment in the Lacaze-Duthiers Canyon, a high energy
environment, and are therefore more representative of average downward transuranic
flux in open waters of the northwestern basin. 239+240pu concentration profiles
measured at this station and a nearby site (43°25'N, 07°53'E) during 1989-90 have
also allowed comparing present day water column 239+240pu inventories with those
determined from measurements made during the late 1970's and early 1980's in the
same region. The data sets show that the fraction of the total plutonium inventory (0-
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2000 m) contained in the deeper 1000-2000 m depth interval has increased from
roughly 33% to 46% over the last 15 years, indicating that 239+24Opu is slowly moving
downward in the water column in this region.

The relative importance of the vertical transport of particle-associated
plutonium to depth is assessed by comparing the measured average annual 239+240pu

fluxes in deep waters with estimates of changes in total water column plutonium
inventories over time. From knowledge of the surface areas of various depth intervals
in the western basin (i.e. Gulf of Lions, Alboran, Balearic and Ligurian Seas) coupled
with the 239+24Opu profile data from 1981-1990, the plutonium inventory in this region
was found to have decreased from 33.2 TBq in 1981-82 to 30.4 TBq in 1989-90.
Dividing the difference (2.8 TBq) by the surface area of this portion of the western
basin (681.4xlO9 m2) and the eight-year time interval results in a mean annual 239+240Pu
loss from the water column of 0.51 Bq m"2 a'1. Comparison of this loss with the mean
annual plutonium fluxes through 2000 m (0.26 Bq m'2 a'1) suggests that approximately
half of the computed plutonium loss is accounted for by the downward sinking of
239+240pu a s s o c i a t e c i vvith large particles. These results indicate that, in general, the
removal of plutonium from western Mediterranean waters is a relatively slow process
which can be measured only over decadal time scales.
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RADIOACTIVE TRACERS IN THE BLACK SEA: AN OVERVIEW

Ken O. Buesseler
Department of Marine Chemistry and Geochemistry

Woods Hole Oceanographic Institution
Woods Hole, MA 02543, USA

The Black Sea is of great interest to a wide variety of scientists and policy makers
due to the unique biogeochemical conditions of this basin and the large anthropogenic
stresses in this region. The Black Sea is unique biogeochemically, given that it is the
world's largest anoxic basin. Surface waters, which are brackish and strongly influenced
by the major river inflows in the Northwest, are separated from the deep anoxic waters by
a sharp density gradient. This pycnocline severely limits mixing between the upper and
lower layers, and thus sets up the conditions needed for maintaining the permanent deep
water anoxia. Anthropogenic influences are significant, given the large populations that
live within the watershed of the Black Sea, and hence influence local and regional fluxes
of materials to this basin.

In this presentation, an overview of the use of radionuclides in the study of
physical, chemical, biological and geological processes in the Black Sea will be provided.
A range of natural and man-made radionuclides will be examined. Examples will be
taken from work conducted by our own lab at WHOI and from a variety of other
international laboratories working in this area. An emphasis will be given to those
studies which are related to recent and ongoing IAEA activities in this region.
Radionuclides which originated from the Chernobyl nuclear power station accident in
1986 will be highlighted, given the proximity of the Black Sea to direct Chernobyl fallout
and further inputs from riverine born radionuclides from the accident site. A comparison
of overall radionuclide levels in the Black Sea and other basins will also be made.

In using radionuclides as in-situ tracers of physical, chemical, biological or
geological processes, one needs to know as background information, something about the
radionuclide source functions and the chemical behavior of the element of interest.
Broadly speaking, in oceanographic studies, radionuclides are grouped into either the
"conservative" or "particle-reactive" elements. Conservative tracers are used to follow
physical mixing and diffusion process in the waters of the Black Sea. Particle-reactive
tracers are used to study the vertical settling of sediments, biota and associated elements
from the surface to deep waters and their accumulation on the seafloor.

As an example of a successful application of a conservative tracer in the Black
Sea, a time-series analysis of the penetration of Chernobyl derived l37Cs and l34Cs into
the deep waters will be presented. Qualitatively, the presence of Chernobyl derived Cs
below the oxic/anoxic interface (between 100 - 500 m in the central basin) only 1 year
after the accident, has led to a re-evaluation of our understanding of Black Sea ventilation
and entrainment processes. The rates of mixing in this case can be evaluated though
numerical modeling of the time-series evolution of this tracer, and an example of this will
be presented. Another conservative tracer to be discussed is Sr. Of particular interest in
this case is the use of 90Sr to study the input and mixing of riverine waters in the NW
shelf region of the Black Sea.

Particle-reactive tracers have been used in the Black Sea to follow sedimentation
processes. Characteristic of the particle-reactive elements is their rapid removal from
surface waters and their accumulation in the underlying sediments. The anoxic bottom
waters exclude the major benthic macrofauna which in most oceans serve to mix or
perturb the sediment record. In the Black Sea, the sediment radionuclide record can be
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finely resolved, and hence the deposition history of a wide range of elements is accurately
recorded in this basin's sediments. Also, given the anoxic conditions, many elements
exist in alternate redox states which can significantly change their removal rates. For
example, the low redox conditions lead to a very high efficiency of plutonium removal
from the watercolumn, compared to the rest of the worlds oceans.

In summary, there are a number of important questions concerning the water
balance, pollution loading, and fate of materials dumped into the Black Sea that can be
addressed using radiotracers. These applications are quite interesting scientifically, as the
Black Sea is a unique environmental setting for making these measurements. These
radionuclides act as in-situ tracers which can be used to quantify the rates of many natural
and/or anthropogenically altered processes. These radiotracer applications are quite
relevant to the local communities surrounding this basin. A large number of issues
related to fisheries, pollution, tourism and recreation, and resource and waste
management can be better addressed through wise application of these natural and man-
made radionuclides.
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MERCURY IN CONTAMINATED COASTAL ENVIRONMENTS;
A CASE STUDY: THE GULF OF TRIESTE

M. HORVAT, M. LOGAR, V. MANDIC
Department of Environmental Sciences, Jozef Stefan Institute, Ljubljana, Slovenia

S. COVELLI
Dipartimento di Scienze Geologiche, Universita di Trieste, Trieste, Italy

J. FAGANELI
Marine Biological Station, Piran, Slovenia

A. SlRCA, D. ZAGAR, R.RAJAR
Faculty of Civil and Geodetic Engineering, University of Ljubljana, Slovenia

In the coastal environment the largest source of mercury is river-born paniculate bound
species. This portion of mercury is unreactive and is quickly buried in nearshore sediments.
Only a small fraction of reactive Hg (ionic mercury in solution that is immediately available
for reaction) originates from river inputs. The most important source of reactive mercury in
the coastal and oceanic environment is through atmospheric input and via upwelling [I],
Biologically-mediated processes, mainly connected to primary production, are responsible for
active redistribution of reactive mercury. In this process a large part of the reactive Hg is
reduced to elemental mercury which is returned to the atmosphere by evasion, while the rest is
scavenged by particles and transported to deeper oceanic waters. Because of the active
atmospheric mercury cycle the oceans act as a source and a sink of atmospheric mercury and
the global oceanic evasion is balanced by the deposition. Current studies show that
methylated species are primarily formed in the deeper ocean and the main source of
monomethylmercury (MMHg) compounds in coastal areas is through upwelling of oceanic
waters and from in-situ methylation in coastal waters. All these environmental processes
occur at extremely low concentration levels of mercury species; however MMHg in marine
organisms accounts for a high proportion of this toxic compound owing to its property for
bioaccumulation and biomagnification. Coastal areas on the local scale may account for
geochemical differences that significantly influence the conversion between various Hg
species [2], In order to assess the impact of mercury in contaminated and non-contaminated
coastal areas on man and his environment, it is of the greatest importance to understand these
processes. Apart from a general understanding about mercury cycling in the coastal and
oceanic environments the paper will also identify uncertainties and gaps in current knowledge
of Hg cycling in the marine environment.

The Gulf of Trieste was chosen as a case study. The gulf is subject to substantial Hg
pollution, originating from the Soca river, that drains the cinnabar deposits of the world's
second largest Hg mining area (Idrija in Slovenia). The Hg mine was operational for over 500
years and has gradually been closed in the last decade. The Gulf of Trieste belongs to one of
the most polluted areas in the Mediterranean. Apart from Hg problems, the gulf is also subject
to industrial and sewage pollution. The area is characterized by occasional problems of
eutrophication, anoxic conditions at the bottom and winter and summer temperature
stratification. Due to deteriorating water quality in the gulf there is a great concern that Hg can
be remobilized from sediments to the water column as well as enhance methylation rates
which may consequently increase already elevated Hg levels in edible organisms.

It was estimated that the annual flux of Hg by the Sofia river is about 1.7 tons of which
most (about 95%) is bound to particles and is deposited near the river mouth by sedimentation
[2], In the vicinity of the estuarine plume, dissolved Hg concentrations were relatively low (<
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5ng/l) showing significantly higher concentration in the surface layer than in the bottom. In
contrast, MMHg concentrations were about 10 times higher in the bottom layer (up to 60pg/l)
than at the surface (below 5 pg/1) indicating the importance of sediment as the secondary
source of this toxic Hg compound. The distribution coefficient (Ka) of total Hg between solid
and dissolved phase (l.kg-1) in the river system was 107, while in the coastal waters it varied
from 105 to 106, showing strong association with particulate matter. Kj for MMHg in river
water was around 104, indicating that MMHg is less strongly associated with particulates than
inorganic Hg.

Results for total Hg in surface sediments (Fig. 1) and short cores (0-10 cm) show that Hg is
homogeneously distributed throughout the cores and does not show the expected decrease of
Hg in the Gulf of Trieste in recent years. The ratio of MMHg to total Hg in sediments
increases with the distance from the river mouth and it is in positive correlation with the
percentage of clayey fraction. Benthic fluxes for total and MMHg were also measured in the
central part of the gulf and it was estimated that about 74% of total is buried in sediment,
while 26% of total Hg, of which 25% is in the methylated form, is annually recycled and
released from the water-sediment interface [3].
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13.35 1340 13.45 1350 13.55 13.60 13.65 1370 13.75 13.80 13.85

FIG. 1 Spatial mercury distribution in sediments in the Gulf of Trieste [3].

Determination of total Hg and MMHg in various fish species showed elevated Hg levels,
particularly in carnivore species. A positive correlation between Hg levels and age of the fish
and their position in food web was also found.

It can be concluded that even though the Hg mine in Idrija was closed completely in 1991,
Hg concentrations in sediments and water are still very high and did not show the expected
decrease of Hg in the Gulf of Trieste. Further studies are in progress in order to understand
basic processes of Hg cycling and to develop models for simulation of future scenarios and
plan remediation actions, if necessary.
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137Cs distribution in the Mediterranean sea:
recent changes and future trends
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The major sources of 137Cs to the Mediterranean Sea are fallout from nuclear weapon
testing in the early sixties and from the Chernobyl accident in 1986. From the ban of
atmospheric nuclear testing in 1963 to 1986, radionuclide concentration in surface water have
regularly decreased, mainly due to diffusion and convection processes that transported toward
the bottom the input deposited at the surface. The resulting 137Cs vertical profiles were
characterised by decreasing concentrations from surface to the bottom. The Chernobyl fallout
produced a marked, but unhomogeneous input that was highest in the Eastern
Mediterranean/Adriatic Sea. Recent studies showed that in 1995 significant changes were also
occurring in the circulation of the intermediate and deep waters of the Eastern Mediterranean,
a new type of water, coming from the Aegean Sea and characterised by higher salinity,
temperature and CFC's concentration [1] occupied the deepest part of the Levantine Basin
and had replaced 20 % of the deep and bottom waters of Adriatic origin.

In order to understand the future trend in 137Cs distribution and inventory in the
Mediterranean Sea, some key-questions have to be answered:
1. What is the present distribution of 137Cs in the Eastern Mediterranean and how is it related

to the new water circulation? What are the expected trends in the exchanges at the Sicily
Straits?

2. What are present exchanges at the Gibraltar Strait and what can we expect in the future?
Our studies were then focused on the systems Eastern Mediterranean-Sicily Strait and Alboran
Sea-Gibraltar Strait.

In April 1995, in the framework of
the POEM (Physical Oceanography of the
Eastern Mediterranean) Programme, a
campaign was carried out to determine the
new distribution of 137Cs in the Eastern
Mediterranean. As typical example, Fig. 1
shows the vertical profile of 137Cs, coupled
with hydrological parameters and dissolved
oxygen content, in a station located in the
central part of the Levantine Basin. Surface
137Cs concentrations range in this area
between 2.5 and 3.5 mBq/L, values very
similar to those typical of the whole
Mediterranean before the Chernobyl
accident. As no surface water leaves the
Eastern Mediterranean before being
converted into Intermediate and deep
waters, we can conclude that convection
processes have already transported most of
the Chernobyl 137Cs to depth. In fact, the
levels of this radionuclide are higher in the
Levantine Intermediate water (4 mBq/L)

Cs-137 (mBq/L)

Theta

Salinity (psu)

* • i • i • — i

— O,(ml/L)

FIG. 1. Vertical profiles of !37Cs, salinity,
temperature and dissolved oxygen in the Central
Levantine Basin (1995).
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and in the "new" bottom water of Aegean origin: 137Cs concentrations around 2.5 mBq/L
characterise this water mass in the whole area. The changes in water circulation in the
Levantine Basin, in the long term, will also affect radionuclide. distribution in the Ionian Sea
and in the water flowing into the Western basin through the Sicily Strait: a fixed transect,
crossing the Sicily Sill is in fact being regularly monitored to follow the time evolution of the
process.

The exchanges between the Atlantic • cs-137 (mBq/L)
Ocean and the Mediterranean Sea are also
examined. Till the mid-eighties, differences
in 137Cs concentration in the water entering
(5 mBq/L) and leaving (3 mBq/L) the
Mediterranean, lead to a net 137Cs input of
0.12 PBq a"1 to the Mediterranean Sea [2].
Diffusion and convection processes have
progressively homogenised the
concentration of this radionuclide in the
water column, modifying 137Cs content in
the waters flowing through the Strait.
Present vertical profiles in the Alboran Sea
show i) a marked increase in 137Cs
concentration in the intermediate and deep
water layers (ex. -1000 m: 2 mBq/L in
1994, compared to 0.5 mBq/L in 1974) and
ii) a marked decrease in surface water (2.5
mBq/L in 1994 and 8 mBq/L in 1974). As a
consequence, the 137Cs levels in waters entering and leaving the Mediterranean are now very
similar (Fig. 2).

In absence of substantial new inputs, the future expected trends are:
a) the transport of l37Cs from the Eastern to the Western Basins through the Levantine

Intermediate Water and the transitional Eastern Mediterranean Deep Water will be
counterbalanced by the amount of cesium flowing into the Eastern Basin with the surface
Modified Atlantic Water;

b) the exchanges between Atlantic and Mediterranean will show the same balanced trend, as
the input/output of 137Cs at Gibraltar are expected to be similar;

c) the global 137Cs inventory in the Mediterranean Sea is thus going to decrease in the future,
simply because of its physical decay.

38.5

FIG. 2. Vertical profile of 137Cs and salinity at the
Gibraltar Strait (1997).
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Many processes which are fundamental to the general circulation of the world oceans
also take place within the Mediterranean Sea. Indeed, the physical and biogeochemical
mechanisms controlling radionuclide distributions in Mediterranean waters are not considered
to differ in the main from those occurring in other seas and oceans. Further, the constrained,
semi-enclosed nature of the Mediterranean Sea provides an ideal location for accurate
determination of radionuclide budgets, the long-term behaviour of long-lived radionuclides
and their relation with the main oceanographic processes. On the basis of these
considerations, a project was initiated by our laboratories in 1991, whose main objective was
to study the mechanisms governing the behaviour and mass balance of transuranium nuclides
in the western Mediterranean [1].

The data discussed here were gathered in the course of research expeditions to the
western Mediterranean carried out in the period 1991-94. The specific objectives of these
expeditions were to estimate, on the basis of measured vertical plutonium and americium
profiles, total transuranium inventories in the water column and, by comparison with previous
studies, identify the most important mechanisms governing the removal, transport and time-
trend evolution of these nuclides within the basin. Special attention was paid to the
characterisation of water masses and, in particular, the inflowing and outflowing waters
through the Strait of Gibraltar, with a view to determining radionuclide fluxes and their
influence on the mass-balance of the basin.

The physico-chemical speciation of plutonium and americium was also examined in
detail, with particular emphasis on the partitioning of these nuclides between the paniculate
(>0.45 /am), colloidal and dissolved phases, and the oxidation state distribution of plutonium
in both open and coastal waters [2],

The results of these studies have shown that plutonium and americium levels in surface
waters have decreased over the past three decades, with preferential removal of americium
with respect to plutonium. Residence times for these elements in the surface mixed layer have
been estimated to be «15 y and «3 y, respectively. This difference in residence time can only
be explained if removal by sinking particles is the dominant mechanism controlling the
vertical flux of these nuclides, as the proportion of americium associated with particulate
matter in surface Mediterranean waters is 2-6 times higher than that of plutonium.

Vertical profile measurements in open waters have confirmed the presence of a sub-
surface maximum in plutonium concentrations at a depth of *400 m. Although various
hypotheses have been advanced to account for this maximum, there appears to be a consensus
that it is related to the vertical transport of plutonium with biogenic sinking particles and the
subsequent dissolution of these particles at depth, with the return of plutonium into solution.
Our analysis of the distribution of plutonium between the particulate and dissolved phases, as
well as the chemical form of plutonium in the latter supports this hypothesis and is discussed
in detail in the paper.

Inventory calculations from the vertical profiles have shown that, as of November 1994,
»35% of the plutonium and »5% of the americium still resided in the water column. A study
of the time-trend evolution of plutonium inventories in the water column (Fig. 1) indicates a
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residence time for this element of «30 years, which is twice as long as the residence time in
the surface layer. On this basis, the annual loss of plutonium for a particular year has been
estimated to be «3% of the water column inventory at that year. For 1994, this corresponded
to a loss of «0.77 TBq(239>240Pu).

From the analysis of vertical profiles in the vicinity of the Strait of Gibraltar it is clear
that inflowing Atlantic waters have lower transuranic concentrations than outflowing
Mediterranean waters. As comparable amounts of water are exchanged through the Strait,
this results in a net flux contributing to the transuranium loss in the basin. For 1994, the flux
of transuranium nuclides through the Strait has been estimated to be «0.65 TBq for 239-240Pu
and «0.03 TBq for 241Am, representing «85% of the present annual loss.

It is clear from the above that, at present, the loss of transuranium nuclides through the
Strait of Gibraltar is comparable to, if not more important than, the loss via removal by
sinking particles, and that the horizontal and vertical transport of the different water masses
play a key role in the evolution of transuranium concentrations in the western Mediterranean
basin.

95

FIG. 1. Time-trend evolution of plutonium inventories in the western Mediterranean water
column
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SEDIMENT ACCUMULATION RATES IN THE CENTRAL ADRIATIC SEA: A
MULTITRACER APPROACH
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Due to the general cyclonic circulation in the Adriatic Sea, fine sediments accumulate along a zone
parallel to the Italian coast. The Po River is the major contributor of sediments to the area. However
the supply of sediment input by other sources combined is of the same order of magnitude, and all
the Appenine rivers together deliver more sediment to the ocean than the Po River itself.
Understanding the fate of sediment transported to the Adriatic from Italy requires a sediment
budget. Alvisi et al. (1996) presented a tentaive budget for the western Adriatic, taking into account
riverine sources, sediment accumulation and transport. Their model considered three shelf areas and
used 210Pb and 137Cs to determine sediment accumulation rates. We have expanded on the data
available to Alvisi et al. (1996) by collecting gravity and box cores at sixteen stations in the central
Adriatic Sea (Fig. 1).

43*OCTN .

42-00'N -

Fig. 1. Study area and sampling locations.

137,Cores were sectioned into 2 to 4 cm intervals, samples were dried at 60 °C and analysed for Cs
and 210Pb by gamma spectrometry and 210Po by alpha spectrometry. 14C and 210Pb analyses had been
carried out previously on sediment cores from the same area and the data are available for
comparison (Langone et al. 1996). All the cores sampled for Pb and Cs show extensive mixing.
The upper 5 - 10 cm of each core shows rapid mixing, with slower or no mixing at depth.
Frequently the depths of penetration of Pb and Cs are similar, indicating that mixing is
dominating the profiles. Apparent rates of sediment accumulation calculated from the 210Pb profiles
are 0.10 to 0.9 cm y*1. In contrast the rates of accumulation derived from 14C distributions in outer
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shelf cores are 0.016 to 0.20 cm y'1. The I4C rates, taken as representative of the actual rates of
accumulation, are applied to the 2l0Pb and 137Cs profiles to estimate rates of particle mixing by the
benthic fauna.

Inventories of excess 210Pb and 137Cs are correlated in these Adriatic Sea sediments,
suggesting that similar mechanisms have contributed to the accumulation of both radionuclides.
Indeed, the inventories of both Pb and Cs show correlations with water depth, with deeper
samples having greater inventories (Fig. 2). The data suggest that caution must be excercised when
using 210Pb and l 7Cs to calculate accumulation rates of shelf sediments.
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Fig. 2. Relationships among 210Pb and 137Cs inventories and sediment depth.
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Les résultats d'une observation sur 15 ans (1983-1997) des teneurs en radionucléides (principalement
137Cs, 134Cs, 106Ru) chez Mytilus sp. prélevées mensuellement en diverses stations du littoral

méditerranéen français sont présentés.

Dans cette région les apports en radionucléides artificiels proviennent de deux types de sources,

d'une part les retombées dues aux essais nucléaires réalisés dans l'atmosphère entre 1945 et 1980 et

à l'accident de Tchernobyl en 1986, et d'autre part les rejets liquides faiblement radioactifs des

installations nucléaires de la vallée rhodanienne et plus particulièrement ceux du centre de

retraitement des combustibles irradiés de Marcoule.

Les variations à long terme des concentrations de ces radionucléides chez Mytilus sont associées au

cycle de reproduction de ces bio-indicateurs ainsi qu'aux fluctuations des apports atmosphériques et

rhodaniens en radionucléides d'origine anthropique. L'étude de l'influence de ces facteurs est abordée

par le biais de séries chronologiques pluriannuelles des indices de condition des moules, des

concentrations en 137Cs, 134Cs, 106Ru dans les aérosols atmosphériques ainsi que des concentrations

de ces mêmes éléments dans les eaux du Rhône.

Le débit du fleuve apparaît être le paramètre qui structure de manière prépondérante les évolutions

des radionucléides rejetés par les installations nucléaires dans les eaux du Rhône, les périodes de

forts débits étant caractérisées par les niveaux les plus bas, indépendamment des fluctuations des

rejets.

Dans la zone sous influence rhodanienne, l'évolution des concentrations en radionucléides artificiels

chez les moules est caractérisée par la présence de rythmiques annuelles anti-corrélées avec les

concentrations de ces mêmes éléments dans les eaux du Rhône. Cette composante cyclique apparaît

être liée principalement au cycle de reproduction de ces organismes.
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Le Lac Sud de Tunis, situé dans la région septentrionale ( au sud du 37 ème parallèle ) est un plan
d'eau de 1120 hectares, d' un mètre de bathymétrie moyenne où régnent des conditions drastiques
(fluctuations importantes de la température, de la salinité, hydrodynamisme très atténué, eutrophisation
extrême... )
Ses berges sud abritent le pôle industriel le plus important de la Tunisie avec plus de 500 usines dont la
majorité déverse directement les effluents bruts dans le plan d'eau, notamment dans sa partie Sud-
Ouest. (GROUPEMENT FRISA - 1994 ).
Le présent travail constitue une contribution à l'évaluation de l'état de pollution des sédiments
superficiels par les métaux traces issus des rejets industriels avant les travaux d'aménagement de cet
écosystème.
Des prélèvements à la benne ont été effectués dans 15 stations réparties sur l'ensemble du Lac en tenant
compte à la fois de la distribution géographique et des diverses conditions écologiques du milieu ( fïg 1 ).

Fig 1 : Situation Géographique du Lac et des lieux de prélèvement

Les sédiments ont été traités selon les normes préconisées par AMINOT et CHAUSSEPIED 1983.
Les teneurs en polluants métalliques ( Hg, Cd, Pb, Zn, Cu, Cr, Ni, Mn, Fe) ont été dosées par
spectrophotométrie d'absorption atomique à flamme air/acétylène et ou à four graphite.
Les résultats des analyses montrent que d'une manière générale que le niveau de contamination des
sédiments de surface du Lac est élevé pour tous les métaux étudiés ( tableau 1 ) en particulier pour les
teneurs en Mercure total(2,6ug/g) en Cadmium (13,3ug/g) en Chrome (800ug/g), en Zinc (791ug/g),
en Plomb (696ug/g), en Nickel(35ug/g), en Cuivre (290ug/g) ,en Manganèse ( 306ug/g) et en Fer
(22725ug/g).
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Station

2
3
7
8
10
11
13
14
16
17
19
20
23
27
28

Coordonnées
Géographiques

Lat-NORD Long.EST
36°47\16
36°46\76
36°48',16
36°47',66
36°48',16
36°47\66
36°47',66
36°47',66
36°47',16
36°47',66
36°47',92
36°48',06
36°48',23
36°47',90
36°47',86

10°16',09
10°16',09
10°15',09
10°15',09
10°14',59
10°14',09
10°13',59
10°13',09
10°12',59
10°12',59
10°12',77
10°14\13
10°15\16
10°16',30
10°16',55

Normes Néerlandaises relatives
à la qualité des sédiments de

surface (seuil d'alarme)

Hg
Tot

0,27
0,72
0,59
0,68
0,32
0,84
1,36
1,74
2,60
2,00
0,48
0,37
0,31
0,38
0,17
15

Cd

0,14
0,13
1,92
1,15
0,14
1,72
1,15
3,43
13,3
1,75
1,12
1,07
0,14
1,06
0,82
30

Ni

9,62
7,92

23,92
14,70
8,25
15,14
10,44
25,43
27,17
18,32
14,99
11,31
9,58

35,68
21,18
200

Mn

65,05
83,96
119,42
81,99
67,10
96,58
105,89
138,92
134,76
306,30
123,13
114,75
92,85
137,61
149,89

Fe

2811,6
3442,8
18995
8556,8
2414,4
8811

5960,2
22725
20920
22139
11342
10019
5877,2
22530
26332

™

Zn

14,03
20,7

227,07
120,24
14,53
131,87
90,70
424,84
791,19
143,94
193,5
157,87
33,04
200,29
199,66
2500

Pb

3,97
23,92
258,54
137,49
9,91

144,77
86,37
545,37
697,97
124,48
212,97
141,45
19,18
131,29
174,15
1000

Cu

10,66
5,69
48,24
21,34
3,67
23,18
16,94
75,36
127,99
290,21
28,92
19,73
9,46

42,40
32,34
400

Cr

19,92
37,77
132,55
102,08
26,15
91,06
71,03

296,25
800,3
81,22
104,08
62,83
26,52
67,96
96,65
1000

Tableau n° 1 : teneurs en éléments métalliques dans les sédiments de surface
du Lac Sud de Tunis exprimées en PPM de poids sec

Les concentrations en métaux lourds toxiques diffèrent, toutefois, selon les secteurs avec une
dissymétrie d'Est en Ouest et du Nord au Sud dans la répartition de la plupart des métaux.
Les fortes concentrations sont observées à l'Ouest ( près de l'émissaire de la zone industrielle ). Les
teneurs les plus basses correspondent aux zones à influence marine. Les variations sont à la fois liées à
la granulométrie et à l'activité industrielle. Les sédiments du secteur Ouest sont constitués de vase fine,
(fraction qui adsorbe le plus), alors que dans la zone Est dominent les sédiments sablo-coquillers.
D'après SCOTT et al 1980, seuls le Fe et le Mn ont une origine naturelle, les autres métaux résultent des
actions anthropiques et proviennent surtout des rejets industriels.
La pollution métallique dans le Lac connaît également une évolution spatio-temporelle. HARBRIDGE
et al 1976 ont en effet observé dans les mêmes secteurs des teneurs extrêmes moins importantes
(l,43ug/g) en Mercure, (347 ug/g) en Chrome, ( 3,57 ug/g) en Cuivre et (93 ug/g) en Manganèse.
Depuis cette date avec l'évolution industrielle, les valeurs extrêmes ont doublé, voire même triplé pour
certains polluants comme le Chrome, le Mercure et le Manganèse.
Les sédiments du Lac Sud de Tunis constituent à l'heure actuelle une formidable réserve de polluants
métalliques toxiques pouvant dans le cas de perturbation du milieu être relargués et constituer une
menace pour l'écosystème et le littoral marin proche.-
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The total atmospheric deposition (bulk deposition) was collected continuously from January 1995 to
March 1997 in a remote site in western Corsica. The sampling site was chosen for being isolated from
any contamination sources (road, wire fence, smoke, automobile traffic), far away from industrialised
area and intensive agriculture zone. The site, located 9 km from the sea, is under marine influence.
The soil being made of hard rocks and covered by vegetation, dust from soil ressuspension is
negligible.
Each sample represents an integration of the total atmospheric flux for period with various durations
(from 28 to 132 days). Al, Cd, Cu, Fe, Mn, Ni, Pb and Zn were measured and the corresponding
fluxes calculated (table 1).
Aluminium being used as the crustal reference element, the fraction of non-crustal origin of the metal
(Excess number3 Xs) was evaluated : the average Xs indicates that Fe is mainly associated to crustal
particles; a mixed origin is found for Mn and a significant proportion of Cu and Ni is found to be
associated with crustal particles. Cd, Pb and Zn are almost entirely associated to anthropogenic
particles but in the case of high Saharan event recorded during the sampling period, a fraction of
these aerosols originate from crustal particles. These results are in good agreement with those
previously published and established at various coastal sites of the north-western Mediterranean [1]
and confirm that Mediterranean aerosols have an important man-made background [2].
When comparing the mean fluxes with those previously established for various Mediterranean sites
(table 1), the mean fluxes for Ni and Cu are quite similar, indicating little spatial and temporal
variability of the total atmospheric flux over the study area. For the other trace metals, important
variations are observed from one site to another: (1) a diminution of a factor 2 to 4 is observed since
1985 for the terrigeneous elements Al and Fe and is attributed to decrease of the Saharan dust input
during the last decade [3]. For the « anthropogenic elements » (Cd, Pb and Zn), the fluxes are
systematically lower at the Pino station indicating that: (1) some results from previous studies are
obviously overestimated (for example Cd at Tour du Valat) due to local/regional contamination and/or
of technical reasons (field and laboratory methodology, collector used...) (2) the fluxes seem however
to decrease over the considered area during the last decade, but the magnitude of this decrease is
difficult to assess due to the fact that (3) Pino station is better isolated from local and regional
contamination than the other sites .

Table 1. Total atmospheric fluxes of metals in the north wester

Mediterranean since 1985. kg km2 y'1

sampling sites:

sampling years:

References:

Al
Cd
Cu
Fe
Mn
Ni
Pb
Zn

CAPCAVAU.0 CAPCAVALLO TOUR DU VALAT
west Corsica

85-36

970

720
22

29

86-87

[5]

547

2.8
330
9.2

14.1

Rhine Delta

88-89

[61

918 ±734
1.3 ±0.8
2.0 ±1.5
840 ±600
20 ±20
1.3 + 0.8
4 ±4.3

100 + 85

CAPFERRAT

south-eastern France

92-93

[7]

0.07
2.19

1.35
3.14
80

PIRtO

west Corsica
96-97

thit study

220 ±199
0.06 i 0.04
0.9 ± 0.7
133± 106
5.8 ± 3.6
0.4 ±0.2
0.9 ± 0.5
4.413.2
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The point is particularly interesting when considering the case of Pb : as a matter of fact, the decrease
observed during the last decade, over the Northwestern Mediterranean Sea (figure 1) seems
excessive in spite of a limitation in the use of Pb additives in gasoline ; the apparent decrease (at least
a diminution of a factor of 15) may reflect the actual decrease of Pb in aerosols and a lower
contribution of local and regional sources of Pb at the Pino station. Pirio represents a quite good
observatory for the air quality in the north-western Mediterranean Sea.
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Figure 1. Evolution of the metal fluxes within the last decade in the north westem Mediterranean.
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LEVELS AND TRENDS OF PCBs, CHLORINATED PESTICIDES AND
PETROLEUM HYDROCARBONS IN MUSSELS FROM THE N.W.

MEDITERRANEAN COAST.
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International Atomic Energy Agency- Marine Environment Laboratory
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A mussel watch survey was conducted in 1988/1989 along the Mediterranean
coast of France and Italy, between Sete and Genoa, in order to assess the pollution of the
marine environment.

M E D I T E R R A N E A N S E A

Fig. 1: Sampling stations for baseline survey in the northwestern Mediterranean

The samples of mussel tissues were analyzed for PCBs, organochlorine pesticides and
petroleum hydrocarbons. Results show concentrations of DDTs higher in areas receiving
river discharges than in open arcs of the coast. Concentrations of total aliphatic and total
aromatic hydrocarbons were generally higher in the areas of large harbors, namely
Marseille, Toulon and Genoa.
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Comparison of the results with those of a similar survey carried out at the same sampling
locations in 1973/1974 [I], show that concentrations of PCBs, lindane and DDTs
generally decreased in the Northwest Mediterranean. Concentrations of PCBs in mussels
decreased by a factor of 2 in the 15 years mediating the two surveys, confirming a
decrease of PCB concentration observed also in seawater [2].
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Fig. 2: Comparison of chlorinated pesticides and PCBs in mussels collected in 1973 and
1989. Concentrations in ng/g (dry weight).

The decrease of concentrations of organochlorine compounds such as HCB and HCHs is
more pronounced and of about one order of magnitude. However, despite the ban on
DDT in Europe since 1975, DDTs in mussels show little decrease from an average of 160
ng/g in 1973 to 140 ng/g in 1989. This confirms, the long environmental persistence of
DDT compounds as well as the existence of a still significant atmospheric deposition of
DDT in the region.
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Long-term loss rates of radioisotopes of cobalt, zinc, ruthenium, caesium and
silver by Mytilus edulis under field conditions.
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Mytilus edulis, the common edible mussel, is the most widely used
bioindicator for various contaminants in coastal marine and estuarine waters. It is
therefore of utmost importance to have a quantitative knowledge of accumulation
rates and turnover rates under realistic environmental conditions. The most
convincing way of establishing "field-realistic" conditions under a long-term loss
experiment is to contaminate the animals and then put them back in the sea in
enclosures allowing a free exchange of seawater including food particles.

During one year in 1987 - 1988 we performed such an experiment in the
Marine Laboratory and in the Monaco Marine Reserve (Reserve Sous Marine de
Larvotto). The accumulation of radionuclides has been published (Nolan &
Dahlgaard, 1991), whereas the loss data are still under publication (Nolan &
Dahlgaard, 1998).

The loss curves for total soft parts could be resolved in 2 exponential
phases, a fast compartment with biological half lives of a few days, and a slow
compartment with biological half lives of ~2 weeks for caesium and 3-7 months for
silver, ruthenium, zinc and cobalt. The amount of tracer remaining in the animals
(at) is thus described as

- Ajt - A2t
at = + a2e

where ai and a2 are percentages of the initial activity present in the two
compartments, Xi and X2 are the loss rates (d'1) estimated for the two
compartments by sequential linear regression analysis of ln(activity) versus time,
and t is time in days.after the initialisation of the loss phase.

The loss rates are calculated on the basis of measured amounts of
radionuclides per individual animal, decay corrected to the beginning of the
experiment. Dilution due to growth and radioactive decay of the tracer is thus not
included in the present biological half lives calculated for each compartment as

T -

For the soft parts, the following values were calculated:

ai, %
K d"1

T./2,i, d

a2, %

X2, d"
T,,2> d

Co
80

0.09456
7.33
23.5

0.00341
203

Zn
54

0.07037
9.85
41.4

0.00428
162

Ag
87

0.25768
2.69
6.9

0.00715
97

Ru
64

0.04077
17
39

0.00428
162

Cs
70

0.29371
2.36
17.9

0.03961
17.5

* Present address: Commission of the European Communities, Directorate-General for Science,
Research, and Development, rue de la Loi 200, B-1049, Brussels, Belgium.
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Figure: Loss of cobalt,
zinc, ruthenium, caesium
and silver by Mytilus
edulis soft parts in the
Mediterranean at
Monaco. Results are
normalised to the
beginning of the loss
experiment. Circles
denotes individual
animals, lines refer to the
two exponential functions
given in the table above.
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Temporal and spatial responses of the bioindicator Fucus to discharges of "Tc in
the eastern Irish Sea
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The affinity of brown seaweeds for technetium has identified this type of algae as an
excellent bioindicator for tracing the movement of technetium through the oceans.
Species of brown algae, Fucus vesiculosus and Ascophyllum nodosum, have been used
to trace technetium released from BNFL Sellafield as far as the Baltic Sea [1].

Technetium-99 is a radioactive isotope discharged to the Irish Sea from the British
Nuclear Fuels pic Sellafield reprocessing plant in Cumbria via a marine pipeline. An
increase in "Tc discharges from Sellafield in recent years has provided an ideal
opportunity to undertake a more detailed investigation of its environmental behaviour.
Here, the temporal and spatial response of Fucus to the increased discharges has been
investigated and its role as a bioindicator assessed.

Seaweed and seawater samples, were collected from nine coastal sites from south-
west Scotland, north-west England and north Wales in June 1995, February 1996 and
September 1996. All samples were analysed for "Tc using ICP-MS.

Results The underlying temporal and spatial trends in the seaweed data are
illustrated in Fig. 1. This is a plot of "Tc concentration against distance from
Sellafield, with the y-axis at 0 km representing the point of discharge. For ease of
presentation, distance from Sellafield is taken as the shortest straight-line distance by
sea to the respective sampling sites.

Previous work has shown that seawater concentrations of "Tc reflect the pulsed nature
of the these discharges from Sellafield. Technetium-99 concentrations in seawater
varied by three orders of magnitude off the Cumbrian coast during this study period
[2].

The spatial variation of "Tc seaweed concentrations is such that the highest
concentrations are found closest to Sellafield and concentrations decrease with
increasing distance. Within this general trend, however, some specific exceptions are
apparent. Specifically, "Tc concentrations in Fucus close to Sellafield display an
unexpectedly high temporal variation.

Although the uptake of "Tc is believed to be an active, metabolically controlled
process [3], rates of accumulation and elimination for Fucus have not been reported.
Laboratory studies of the kinetics in other species of brown algae, including
Sargassum vulgar-e, have shown rapid accumulation of technetium [4]. Concentration
Factors of up to 1000 have been shown to be achieved in a matter of hours.
Elimination appears to occur in two stages in all Phaeophyta species studied, an initial
rapid loss of 30-50% occurring in the first few days followed by a more steady
excretion stage with biological half hves varying between 20-200 days for different
species.
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Figure 1 99Tc in Fucus versus distance from Sellafield

If the kinetics of uptake and elimination in Fucus are similar to those observed in
other brown algae, this may account for the peaks in "Tc concentration found in this
work. Fucus may respond rapidly to changes in "Tc concentration in their immediate
environment. A large proportion of recently accumulated "Tc may be eliminated over
a few days and, if subjected to reduced "Tc concentrations quite quickly, the
remainder may be eliminated over a longer time period. In this case, the pattern of
"Tc accumulation by the seaweed is likely to show significant peaks followed by an
associated rapid reduction in concentration. If the time taken for Fucus to eliminate
"Tc is longer than the periods between exposure to peak "Tc concentrations, then
there will also be an underlying component of increasing concentration within this
accumulation pattern.

Hence, initial investigations in 1995, have confirmed the expectation that Fucus does
act as an effective bioindicator of "Tc, with easily detectable "Tc concentrations (1 -
15 kBq kg'1 wet weight) being encountered, providing a time integrated signal of "Tc
discharges. Analysis of subsequent samples collected during 1996, however, have
shown significant short-term peaks in Fucus "Tc concentrations close to Sellafield
(up to 90 kBq kg"1 wet weight) and this can be related to peaks in "Tc seawater
concentrations. This type of response suggests that Fucus has a means of rapidly
accumulating "Tc, although the rate at which this accumulated component may be
eliminated remains unclear. This effect was only observed at sites close to Sellafield
(within 15 km). Relatively constant Fucus concentrations were found at more distant
sites (50 - 150 km). The variation in "Tc seawater concentration at these distant sites
is likely to be less extreme than at the Cumbrian coast near Sellafield.
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IMPLICATIONS OF TROPHIC TRANSFER STUDIES FOR DEVELOPING WATER AND
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Most water and sediment quality criteria are based on bioaccumulation and toxicity studies
in which target organisms are exposed to dissolved toxicant concentrations. Further, established
toxicity bioassay protocols approved by the Environmental Protection Agency in the US require that
animals not be fed during the course of the tests. However, recent studies have demonstrated that
bioaccumulation of metals from ingested food or sediment may dominate their uptake in diverse
marine invertebrates, including crustacean zooplankton, bivalve molluscs, and deposit-feeding
polychaetes. These studies used gamma-emitting radioisotopes to measure the assimilation
efficiencies of ingested metals in these animals from food. These measurements, combined with the
application of a bioenergetic-based kinetic model, have clearly demonstrated that the bioaccumulation
of certain metals can be dominated by uptake from the food pathway. Environmental criteria which
assume that this pathway is unimportant relative to uptake from the dissolved phase, or which apply
a "safety factor" based on uptake parameters from the dissolved phase only, are inappropriate and
need to be revised.

Recent radiotracer experiments involving Am, Ag, Cd, Co, Cr, Se, and Zn have quantified
metal uptake rates from food (different algal species for bivalves and copepods, sediments for
deposit-feeding worms) and water and efflux rate constants over a range of environmental conditions
[1-4]. Table 1 presents ranges of these kinetic parameters and the %'s of total metal body burden in
an animal accumulated from food for different species. The kinetic model we used describes uptake
from food and solute pathways in an animal [5,6]. For metals, the steady state concentration in an
animal (CM, ug g'1) can be described as:

L + I A E X I R X Q (1)

(krf+g)

(2)

(kew + g)

C^ f =(AExIRxC f ) (3)

where ky = metal uptake rate constant from the dissolved phase (L g'1 d"1), Cw = metal concentration
in the dissolved phase (ug L"1), AE = assimilation efficiency from ingested food (%), IR = ingestion
rate of the animal (g g'1 d'1), Cf= metal concentration in ingested food (ug g'1), kew = metal efflux rate
constant following solute uptake (d1), k^ = metal efflux following food uptake (d'1), g = growth rate
constant of the animal (d'1), C^w = metal concentration in animal due to uptake from the dissolved
phase, and C^f = metal concentration in animal due to uptake from food.

Overall, it is apparent that food uptake is a major pathway of metal accumulation in all animals
examined. This is consistent with lab and field evidence and modeling sensitivity analyses for metal
accumulation in marine mussels which showed that metal uptake is directly proportional to AE for
all metals [6]. Even when AE values are low, the fraction of total body burden in an animal deriving
from food ingestion can be well over 60% (e.g., Am, Cr). For all animals, Se is accumulated almost
entirely from ingested food, because it has very high AE and low k,, values. Among the animals
investigated, copepods display the lowest fraction of body burden obtained from food, although there
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is considerable variability which is dependent on AE and Cf values, and worms display the highest
fraction obtained from food (sediment), due primarily to their high IR values. These results suggest
that any water or sediment quality criteria must consider the trophic transfer of contaminants in
aquatic food chains. By performing toxicity and bioaccumulation tests only with dissolved metals,
the criteria generated would underestimate the likely impacts of the metals on resident aquatic biota.

Table 1. The relative importance of food as a source for metal accumulation in marine suspension
feeders (musselS"My//7w.s edulis, copepods— Temora longicornis) and deposit-feeding polychaetes
{Nereis succinea). Ranges of assimilation efficiency (AE, %) from ingested food, uptake rate
constants from the dissolved phase (k,,, L g'1 d"1) and efflux rate constants following uptake from food
(kef, d'1) are also presented. R is the calculated percentage of total metal body burden that is
accumulated from food, nd: not determined. Data obtained from refs. 1-4.

Animal

M edulis

T. longicornis

N. succinea

AE

K
kef
R

AE

K
Kt
R

AE
K
R

Ag

4-37
1.794
0.034
26-78

8-19
10.42
0.294
10-55

10-30
1.853
65-95

Am

1-6
0.398
0.020
85-96

nd
nd
nd
nd

nd
nd
nd

Cd

10-34
0.365
0.014
20-70

33-53
0.694
0.297

20-70

10-30
0.010
>98

Co

13-37
0.124
0.010
70-95

14-20
0.606
0.281
10-53

40-80
0.016
100

Cr

0.2-1
0.034
0.010
62-87

nd
nd
nd
nd

nd
nd
nd

Se

12-72
0.035
0.022
>96

50-58
0.024
0.155
>97

30-50
0.006
>98

Zn

15-48
1.044
0.015
50-94

52-64
3.29
0.079
45-92

20-50
0.064
>98
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Shells of Merita albicilla, potential biomonitors of heavy metal pollution in tropical and subtropical coastal waters
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The recent boom of developing countries, , undergoing industrialisation result in increasing metal contamination of the
bordering tropical and subtropical coastal waters (Chan et aL, 1986). Consequently monitoring of metal pollution and
continuous progress of its techniques are becoming more pressing. The objective of the present investigation was to assess
the appropriateness of shells of Neritidae species, a family of a wide tropical and sub-tropical spread, to serve as
biological indicators of metal pollution. The study was carried out in two stages. In the first stage, shells of four species
{N. albicilla, N. polite, N. costata andN. undata), collected from a single site on Phuket Island, Thailand were compared
for their crystal type and metal concentrations. Around 20 individual shells were analysed for crystallography by X ray
diffraction and for the concentrations of Mg. Sr, Mn, Fe and Zn by atomic absorption spectrophotometry. During sample
collection damaged or heavily encrusted shells were rejected. Before analysis the shells were cleaned with dilute
hydrochloric acid and hydrogen peroxide so that any metals adsorbed onto the periostracum are removed and only metals
which are integral parts of the shell matrix would be assessed.

Results of this stage showed that no relationship between metal concentrations and the shell weight existed in any species,
the strontium-magnesium ratio was significantly correlated with the calcite-aragonite ratio and amongst the four species,
N. albicilla, a species distinguished by higher abundance and much longer life span was identified as having the highest
shell concentrations of trace metals (Fig. 1, Table 1).

rig. 1 Mean metal conccntntiun (ppmlSD) in shells of the four Heriu Species
ilbicill*, po/iin, coslnln and undnut collected from Phuket Island. Tluiuid
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Table I. Statistical comparison amongst metal concentrations in the four Xcriu species.
Species are gives ranks in ascending order with increasing hea\7 meul (Zn, Fe, Mn)
concentration. Metal concentration in all shells conformed to normal distribution and no
metal concentraiioo-weight interaction eiisled in the shells of any species. This made the
application of parameteric statistics possible ind thus ANOVA folkmed b) pairwise
multiple comparison was used Son significant)} different species with respect to the
concentration of a specific metal were given the same rank Clear is the highest heavy metal
rank of the sbefc of A. sdbicillx and the lowest rank of the shells of \. potiu Shells of the
other two species have intermediate and similar ranks.
THR = Total heaiT metal rank

MM
La

Species j ZJI

N. albkilla j 2

AC polila '• 1

N. costata • 2

AC undata 1

Fe

2

1

1

2

Mn

3

1

2

1

Sr

1

2

3

1

Mg

2

1

2

2

THR

7

3

5

5

The second stage addressed the question whether the relatively high metal concentrations in the shells of A', albicilla were
species specific or environmentally related. Metal concentrations in albicilla shells collected from five different sites
around the Indian Ocean (India, Kenya, Phuket, Mauritius and AJdabra), subject to different degrees of terrestrial and
anthropogenic inputs, were compared. Samples were collected, prepared and analysed exactly as in the first stage Results
of the second stage are summarised in Fig. 2. and Table 2. The lowest heavy metal concentrations were found in the
shells from Aldabra, a natural reserve relatively pristine site, and the highest concentrations in the shells from Kenya and
India, sites that suffer from industrial inputs

The effect of environmental factors on heavy metal concentrations in shells of marine animals has been considered by
several authors. Gorden etal.(\ 970) ruled out the effect of temperature and salinity on the accumulation of manganese in
shells of two species of barnacles and attributed higher rnanganese concentration to higher total metal concentration in the
local environment. This is because manganese can be directly incorporated into the shell, as manganese oxide, through
mineralisation both in the soluble and colloidal phases. Bourget (1974) studying the structural and environmental controls
of trace metals in shells of five species of barnacles, also reached a similar conclusion. According to Bourget (1974) the
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uptake of the metal is fester when and where the ambient concentration is higher. A similar argument has also been put
forward by Segar et al. (1971) regarding iron. The authors found higher iron concentrations in shells of animals collected
from the Solent than in shells collected from the Irish Sea. This they attributed to the ambient iron concentration. The
environmental concentration of zinc has also been suggested to affect the metal concentration in the shell (Carriker et al.,
1980) mainly by inhibiting the carbonic anhydrase activity, which affects the rate of calcium deposition for the benefit of
deposition of other metals, including zinc itself. Carriker et al. (1991) reported that high concentrations of at least the
metals manganese, copper and zinc in the oyster shell are due to relatively high concentrations of these metals in the sea
water. Babukutty and Chacko (1992) reported a preferential accumulation of environmentally available manganese,
cobalt, and lead in the shells of Villorita cyprinoides rather than in the soft tissue'Hence, in context of the above
discussion and the environmental conditions prevailing at the sampling sites, the variations in manganese, iron and zinc
concentrations in the shells of TV albicilla from the different sites are best explained by variations in bioavariability of the
metals in the sea water and reflect the heavy metal environmental stress.

Fig. 2. Mean metal concentration (ppm±SD) in shells of ,V. tllbicilla from
different sites around ttie [ndiao Ocean
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Table 2. Statistical comparison amongst meul concentration in shells of V tlbkilla from
different situ around the Indian Ocean. Sites are given ranks in ascending order with
increasing heavy metal (Zn, Fe, Mn) concentration. Metal concentration in ail shells
conformed lo normal distribution and no metal concentration-weight interaction eiisted in
the shells from any site. This made the application of parameteric statistics possible and thus
AJNOVA followed by pairwtse multiple comparison was used. -Non significantly different
sites with respect to [he concentration of a specific meul were given the same rank Gear is
the highest heavy metal rank of the shells from Keinaand the lowest rank of the shells from
Aid a bra.
THJR = Total heavy metal rank

Site

India

Kenya

Aldabra

Mauritius

Phuket

Zn

4

5

1

2

3

Fe

4

2

2

1

3

Mn

2

4

1

2

3

Sr

2

2

1

1

Mg

1

2

1

2

2

THR

10

11

4

5

9

Acknowledgement

I would like to thank the British Council and the Marine Science Station, Aqaba, Jordan for funding the study and Dr. P.
Foster, the previous head of Marine Chemistry, School of Ocean Science, University of Wales, Bangor, UK for making
the samples available.

References

Babukutty, Y. and Chacko, J. 1992. Trace metals in an esturine bivalve from the southwest coast of India. AMB10. 21
No. 4,292-296.

Bourget, E. 1974. Environmental and structural control of trace elements in barnacle shells. Mar. Biol. 28, 27-36.
Carriker, M.R., Palmer, R.E., Sick, L.V. and Johnson, C.C. 1980. Interaction of mineral elements in sea water and

shell of oysters {Crassostrea \irginica (Gmelin)) cultured in controlled and natural systems J. Exp Mar Biol
Ecol. 46 (2-3), 279-296.

Carriker, M.R., Swarm, C.P., Prezant, R.S. and Counts, C.L. 1991. Chemical elements in aragonitic and calcine

microstructural groups of shell of the oyster Crassostrea virginica. a proton probe study. Mar. Biol. 109, 287-297
Chan, H.M., Rainbow, P.S. and Philips, D.J.H. 1986. Barnacles and mussels as monitors of trace metal bio-

avaUability in the Hong Kong waters. Proceedings. Second international Marine Biological Workshop The
marine flora and fauna of Hong Kong and Southern China. Hong
Kong Univ. Press. Hong Kong. 1240-1267 pp

Gorden, CM., Carr, R.A. and Larson, R.E. 1970. The influence of environmental factors on the sodium and
manganese content of barnacle shells. Limnol. Oceanogr. 15, 461-466.

36



IAEA-SM-354/21 XA9951151
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The analysis of 5L'C composition in lipid molecules by isotope ratio
monitoring-gas chromatography mass spectrometry (irm-GCMS) provide valuable
information on precursor sources and biosynthetic pathways of organic compounds
[Hayes et al. 1990; Freeman et al, 1990], The use of this technique is also significant in
marine environmental studies where it can be used for source input elucidation and
paleoclimatic investigation.

In this respect, examples in the use of this technique for source elucidation of
some biomarkers, such as n-alkanes, isoprenoids, etc, which might have different
biological origins (algal, cyanobacterial, bacterial, terrestrial, etc), are shown in the
present study. The results enhance that, in the future, the molecular approach in carbon
cycling should be pursued using combined biomarker and stable isotope techniques.

However, as described in the present study, significant differences on 5I3C
composition may be observed among the lipid molecules synthesized by the same
organism. This is illustrated by studies on cultures of diverse photosynthetic organisms
such as cyanobacteria, dinoflagellates and diatoms. In some eukaryotic algae, e.g.
diatoms and dinoflagellates, significant differences between the average 513C
composition of fatty acids and sterols is observed (7.5%o and 2 %o, respectively). In
contrast, prokaryotic organisms, such as cyanobacteria, show small variations between
the 5l3C of the hydrocarbons and fatty acids.

Differences in 5ljC composition among homologues of the same lipid class
have been also observed, particularly in diatoms, with variations of up to 5% within
each class of fatty acids and sterol compounds. In the dinoflagellate and the
cyanobacterium organisms, these variations are lower than 3%o. As a general trend,
higher depletion of 5I3C values is observed at increasing degrees of unsaturation.

These observations evidence fundamental biochemical differences for lipid
synthesis among the studied organisms. These differences, and particularly the shifts in
intra-species 513C lipid composition, must be considered for the correct interpretation
of the changes in 5I3C molecular signatures in the marine environment.
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These aspects are relevant for applications such as the correlation between CO2

concentrations in surface waters and molecular 5ljC composition. The implementation
of this approach is based on the observed correlations between CO2 levels in marine
waters and the stable carbon isotopic composition of marine autotrophic
phytoplankton [Bentaleb et al, 1996],

We have investigated the potential use of the carbon isotope ratios of some
marine biomarkers for the estimation of the pCO2. The use of specific biomarkers may
a priori provide better estimations because it will reflect 5l3C fractionation of a more
restricted number of organisms, avoiding interferences from other organic matter
sources as it occurs with bulk measurements.

C37-C39 n-alkenones, which derive from primary producers (Prymnesiophyte
algae) might be suitable as recorders of CO2 levels. However, the limitations due to the
low concentration of these compounds in the particulate matter from low productivity
regions prompt to study other more abundant biomarkers, such as cholesterol which
has a general planktonic origin, with a large proportion typically derived from
zooplankton inputs.

A significant correlation between 5L>C cholesterol of the suspended particulate
fraction from the water column of South Indian Ocean and CO2 aqueous
concentrations has been found. This agrees with the typical composition of the
suspended particulate fraction, where small phytoplankton-derived particles (0.45 to
0.20 urn) predominates.

Overall, the results based on isotope carbon ratio of individual compounds
shows that this technique has much promise for the recognition and resolution of
biogeochemical processes and that much remains to be learned about the factors
shaping these isotopic signals. It also provides evidence that compound-specific
isotopic analyses could offer challenging information on the CO2 exchanges between
oceans and atmosphere, in climatic changes and on the anthropogenic CO2 impact on
phytoplankton carbon isotopic composition.
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EFFECTS OF NUCLEAR AND NON-NUCLEAR POLLUTANTS ON MARINE ECOSYSTEMS
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In a special session on radioactivity of the Black Sea at the International Symposium on
Marine Pollution, Monaco, it is of a principal interest to discuss effects of the dose rates from
radionuclides in the marine environment upon the Black Sea wildlife in comparison with effects by
chemical pollution in this water-basin upon its populations, communities and ecosystems. During
last years and at present period, levels and transfer of radionuclides in the Black Sea, mostly in its
NW part, were and are carried out at IBSS in the framework of IAEA RER/2/003 as well as some
EC contracts.

Initiated in 1956, marine radioecological.research at the A.O.Kovalevsky Sevastopol
Biological.Station, USSR Academy of Sciences, later (1963).renamed into the IBSS, is being
fulfilled now under.the aegis of National Academy of Sciences of Ukraine,.IAEA and EC in two
aspects: a/ biogeochemical.migration of radionuclides and other major pollutants.in the Black Sea
as well as b/ biological effects of.ionising radiation and chemical pollutants on the.Black Sea
inhabitants.

To be able to compare ecological consequences of action of nuclear and non-nuclear factors
upon marine life in experimental and/or natural conditions, the science and practics need, first of all,
in data on their doses at the input and quantitative estimations of non-specific final integral after-
effects at the output of studied systems.

In the present work, dose rates of ionizing radiation and doses of chemical pollutants in the
Black Sea environment to aquatic plants and animals were collected, summarised, generalised and
assessed on the base of IBSS and other published works in the form of a special Table of nuclear
and non-nuclear sources in the environment of this sea (to be presented in the paper for the
Symposium session).

At Monaco, IAEA ILMR (1975-79), the author had proposed and later on at Sevastopol,
IBSS, developed a conceptual model of responses of organisms, populations and ecosystems to all
possible dose rates of ionising radiation in the environment (with the following zones of radiation
effects: radiation well-being; physiological masking; ecological masking; and damage to
ecosystems zones) [1]. Recently, 1998, at the NIRS Symposium, Japan, this model was extended
and transformed by the author into a radiochemoeco- logical model, covered not only ionising
radiation effects but also chemical pollutants action [2].

Ecological criteria used here are:
a/ decrease of number or total mass (of a population),
b/ decrease of number of species (of a community) and
c/ degradation of a community (of an ecosystem).

In this paper it will be shown that dose commitments of ionising radiation from artificial
radionuclides to the Black Sea organisms are in the 'Well-Being Zone1 however chemical pollutions
produce severe ecological effects, which are identical in manifestation to action under higher and
very high dose rates of ionising radiation, available only in very special areas, such as MA YAK,
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Chelyabinsk Region, and some similar others. Chemical pollutions in the estuarian and shelf areas
of the Black Sea produce ecological effects, typical for the 'Damage to Ecosystems Zone'(Number
reduction, Species reduction, Impoverishment, Degradation) under the chemical doses, which are
obviously equivalent to orders of 10-1000 Gy/y of ionising radiation doses.
The results of the paper will be presented in a form of Figures and Tables, covered all dominant
species of the Black Sea plants and animals, including some of them who were dominant and now
are disappearing from the scene of life. Assessments of equivalency of real existing non-nuclear
pollutants after-effects in the Black Sea ecosystems will be expressed in units of ionising radiation
dose rates, Gy-eq./y. The proper data and ratios of assessed equivalent dose rates from non-nuclear
pollutants to dose rates of ionising radiation in/to the ecosystems will be provided in a Table of the
following structure:

Damage to Ecosystems
Communities and Populations of
Species in the concrete conditions
and geographical localities of the
Black Sea

By antropogenic factors of
(A)
Nuclear origin
Gy/y

(B)
Non-nuclear
origin
Gy-eq./y

B/A
Gy-eq./y

Gy/y

The main conclusion:

Severe effects, produced by non-nuclear pollutants in the Black Sea shelf and estuarian
ecosystems, are quantitatively equivalent to effects by nuclear pollutants/contaminants hi the
Chernobyl NPP nearest (10-km) zone, the Kyshtym trail, the Karachay Lake and similar very
specific nuclear areas in the World. Acknowledgement: The work was partly supported by the
IAEA TC Project RER/2/003 and partly by IUR-PECO Contract No ERBCIPDCT940802.
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RIVERINE TRANSPORT OF Cs-137 AND Sr-90 INTO THE BLACK SEA AFTER
CHERNOBYL ACCIDENT
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River's flow is a second of other sources by its contribution on the Black Sea radioactive
contamination [1], The volume of the Dnieper and Danube runoff accounts for 75% of the total
river runoff in the Black Sea [2]. The catchments of these two rivers were affected by the Chernobyl
contamination at the most extent [1]. The contribution of the Caucasus coast and Turkish rivers to
the radionuclide input by river water was not studied, but it is assumed that this value is not
significant.

Upper part of Dnieper catchment had been heavily contaminated after the Chernobyl
accident and serves as a main source of the secondary input of radionuclides to the river. The
reservoirs which were built on the Dnieper (Dnieper cascade) are immense sedimentational traps.
The retarded flow (up to a year) of water masses from the upper reaches of the river to the mouth,
through the body of cascade, creates the.ideal conditions for accumulation of radionuclides and
other contaminants in all the components of reservoirs ecosystem.

The general scheme of selfpurification of Dnieper River from l37Cs and some others
radionuclides is as follows: initial entering to the water column of clean suspended material derived
both by reservoir's shoreline abrasion and side-rivers output, followed by sorption of dissolved
radiocesium onto this material and sedimentation of contaminated particles to the bottom. As a
result of this process, practically all the 137Cs having entered into the upper reaches of the Dnieper
river after the Chernobyl accident was retained in the Dnieper reservoirs and the Dnieper-Bug
estuary. Taking into account relatively high mobility of 90Sr the extent of it's trapping by Dnieper
reservoirs is significantly less comparatively to l37Cs and accounted as some 60-70%. Another
important process, responsible for the irretrievable sinking of 90Sr from water column to the
bottom, apart of sedimentation, is including of radionuclide to the chemical structure of mollusc
shells during its growth.

At present the concentration of l37Cs in water of the Lower Dnieper came back to the pre-
Chcrnobyl level while concentration of ^Sv exceeds one in 4-5 times (Table 1). More than. 80% of
l37Cs and almost all 90Sr are transported to the Dnieper-Bug Estuary and further to the Black Sea as
a dissolved fraction.

Suspended particles play a crucial role in l37Cs transport by Danube to the Black Sea.
Regular observations, carried out in 1997-98 on Danube by Hydrometeorological Service of
Ukraine at crossects Reni and Izmail, showed, that in average 60-70% of l37Cs transport to the
Black Sea is associated with suspended particles. The lowest concentration of l i7Cs (0.5 Bq/m3) has
been observed on September-November 1997 during low-water period with insignificant discharge
of suspended particles. In contrary, at high-water period concentration of l37Cs in river' water get
increased in several times mostly due to increasing of suspended particles discharge. More than 50%
of transported l37Cs is associated with fine particles less than 0.05mm, which apparently belong to
transit fraction.

The correct accounting of l37Cs discharge on suspended particles by river strictly depends on
reprcsentativity of samples used in calculation. This is in particular concern to natural river flows,
as in case of Danube, where essential things are collection of averaged samples over the river's
cross-section and choosing of samples taking time-step sufficient to maintain smoothness of
turbidity pulsation. Sampling procedure which had been done in uncorrect way could cause in
significant underestimation of 137Cs concentration up to 10 times. Another commonest source of the
errors in determination of l37Cs concentrations in water - is the sampling of little volumes of water
for analysis, in which the l37Cs content is lower than minimum detectable level.
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Table 1

Values ofIJ

Years

1986(V-XII)
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997

1986-1997

7Cs and MS
Dnieper
runoff,

km1

20.6
36.4
45.8
34.1
37.1
43.4
24.9
39.3
48.9
36.3
29.0
36.6

r input with the Dnieper

»°Sr

Bq/m3

34.115.5
349152
256118
225114
160110
179123
208121
10415
129110

51.716.7
57.616.9
64.5+7.1

River flow

TBq
0.7
12.7
11.7
7.68
5.93
7.78
5.20
4.07
6.30
1.88
1.67
2.36
68

tc> the Dnieper-Bug Estuary

Bq/nr>

28.414.3
9.110.5
25.211.5
14.311.4
10.310.4
6.810.7
2.810.2
1.810.3
2.310.3
1.310,2

0.7710.18
0.8210.17

TBq
0.59
0.33
1.15
0.49
0.38
0.30
0.070
0.070
0.063
0.048
0.022
0.030

3.54
Note: Data of routine observations carried out by laboratories of the State Committee for

Hydrometeorology, the Ministry for Public Health, the Water Management State Committee of
Ukraine have been used to provide above calculation (610 samples). To refine the estimates of
radionuclide outflow with the Dnieper into the Black Sea data resulting from irregular
observations of UHMRI (1986-1997), Scientific Production Association "TYPHOON" (1986-
1987), Institute of Biology of the Southern Seas (1986-1988) and the Institute of Hydrobiology of
the National Academy of Science of Ukraine (1987-1989) were used.

The significant disagreements have been found between the data of the observations on the
Lower Danube presented by the different laboratories. In such a circumstances the coordination
and unification of the methods used by laboratories for radioactive contamination monitoring are
required.

About 110-130 TBq of TOSr have been carried out by Dnieper and Danube into the Black
Sea during 1986-1997. The river derived share of wSr input reached 22-25% of its total input
from the different sources for the 12 years passed since the accident, and it continues to grow.

1997).
At present, river runoff bring a small amounts of 1J7Cs into the Black Sea (0.2-0.4 Tbq in
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The paper presents results of a long-term radioactivity surveillance programme in ihc
North -Western Black Sea basin. Natural and artificial radionuclides arc determined since 1984
in the frame of two national programmes: the national environmental radioactivity surveillance
programme, that assures the continuous surveillance along the coast, based on principles of
emergency monitoring and the trend monitoring programme of the marine environment Data
on samples provided as part of the EC EROS-2000 project, in the period of 1995-1997, aro also
included .

About 1000 samples of water, sediment and biota were analysed for gamma emitting
radionuclides by use of high resolution, low background spectromctric equipment. Evaluation
of speciru was done using a dedicated software developed in our laboratory. The quality of data
is conLnjllod by taking part in intcrcomparison runs organised by the IAEA.

Both natural and artificial radionuclidcs are discussed with respect to levels, distribution
and behaviour, and overview of sources. The accent is placed on artificial radionuclides from
the atmospheric nuclear weapon testing programme and from the Chernobyl accident that
constitute the principal source of antrophogenic radioactivity in the region. The time-series
evolution of weapon and Chernobyl derived Cs-137 is shown in figure 1. Present levels (1995-
1997) of Cs-137 in surface water of the nonli-wcstern Black Sea are in the range of 14.9 - 44.5
Bq/m , depending by the proximity to the rivers inflow.

• 00
Bq/m*3

lt«4 !••» !»»• lt«7 !••» l i t ! HIO ! • • ! I0S1 !••« !••*

basin.
Figure I. Levels and dynamic of Cs-137 in surface water of the north-western Black Sea

Measurement data on Danube water collected on daily bases (shown in figure 2) [I],
and [2] and liquid discharge data from cross-sections on the three Danube Branches were used
to estimate the annual fresh water inflow of Cs-137. The magnitude of the Danube
concentrations and fluxes are also used to illustrate the movement of both fresh mid marine
water in the region of Danube inflow.
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Figure 2. Levels and distribution of Cs-137 along the lower Danube river.

Measurements on sediment samples of both shelf region near the Danube and the
Dnieper and in offshelf stations in thcN-W Black Sea in the period of 1995-1997 indicate a large
variability of radioactivity levels dopending on the sedimentary textures. The current map of
radioactivity of the north-western basin can be correlated with the sedimentologigal map of the
region. Complex processes related to the general circulation and its local components, vertical
fluxes and sedimentation, control the fate and distribution of radionuclides in this area. Higher
levels of Cs-137, up to 160 Bq/kg dry and about 10 Bq/kg dry of Cs-134 are encountcrod in
the zone of Danube Delta Front and Danube ProDelta were the currents hydrodinamic regime
favours deposition of finer sediments. Levels of K-40 and Cs-137 in these regions arc similar to
those corresponding to sediments of the Danube Delta lakes [3]. Levels of 135 Bq/kg dry were
determined in sediments of the Dnieper estuary, and about 20 Bq/kg dry at the Dnieslr inflow
zone. Typical levels for qther sedimentary zones of the basin arc of about 8 Bq/ kg dry on the
Crimean coast, 15 Bq/kg dry on the sediment starving shelf and 1-2 Bq/kg dry in the fan
complexes and the abyssal plain,
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Although there are some investigations on the artificial radionuclides distribution
over the Bulgarian coastal zone after the Chernobyl accident [1], [2], [3] for example,
a need for more extended information still exists. The determination of the radioactive
isotopes of Cs, Sr, Pu for now-a-days monitoring as well as their use in hydrophysical
studies is an uncompleted task. A step towards this goal is recently developed at
NIMH low level alpha spectrometric and radiochemical laboratory under the IAEA
TC project RER/2/003.

Main data set on the contamination during the period of the Chernobyl accident in
Bulgaria is based on gross beta counting especially in the coastal zone. Therefore the
development of the sorbent technique for the dissolved l34Cs and '"Cs determination
in the sea water was the first problem solved. The volume of the water passed through
the sorbent (fibrillose cationid CM-KI impregnated with copper fericianid) range from
200 to 600 1 in a water speed of about 2001/h. Gamma-spectrometric analysis was
provided by passive shielded HPGe detectors of 16 and 18% relative efficiency. Two
approaches were used to ensure the comparability of the data and to check the
efficiency of the sorbent: a) gamma spectrometry of the simultaneously taken 40-60 1
sea water samples, preconcentrated by evaporation and b) consistent sampling of 2-3
samples during the calm conditions at 2 sampling sides. Recently applied tracer
experiments with l14Cs confirmed close to 100% efficiency of the sorbent for
dissolved in sea water cesium. The results summarized in Tab. 1 show some decrease
in n C s concentrations in 1995 compared to 1994.

fable 1. Averaged concentration of 117Cs and l34Cs, one standard deviation and
concentrations and salinity range in surface sea waters along the Bulgarian coast

Month

Sep-94
May-95
Jun-95
Jul-95
Sep-95

Average l!7Cs
conc.mBq/1
41.7±3.4
33.1±0.8
34.9±3.5
22.9±4.5
32.8±2.2

Cone, range
mBq/1
38.2-45.1
32.1-33.9
32.4-41.1
15-26.2
28.4-35.6

Average n4Cs
cone.mBq/1
1.39±0.08
0.7410.12
0.94±0.12
0.52±0.13
0.7610.17

Salinity
range
16.4 aver.
16.3- 16.6
14.7-16.8
13.8-15.6
16.2- 17.2

The lower concentrations correspond to the lower salinity, probably due to the
refreshment caused by the inflow of the high Danube waters. l37Cs concentrations
measured during 1995 and 1996 in water samples from the Bulgarian part of the
Danube river show almost an order of magnitude lower values - 0.4-0.8 mBq/1 than
those in the Black Sea surface waters. The percentages of the 137Cs in paniculate form
vary from 8.9 to less than 0.2%, depending mainly of the peculiar features of the
sampling sides. The analysis of the n4Cs/'"Cs ratio in collected sorbent samples
discovers variations, but it is not so significant to exclude statistical variation. As an
example, the average ratio for 1995 for Shabla (north) is 0.0226 with a=0.006 and for
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Ahtopol (sough) it is 0.0251 with a=0.0012. The ration of 0.53 during the time of
accident for the Black Sea, [4] recalculated for July 1995 gives a value of 0.0237.

Determination of the 90Sr and transuranic elements has been started with an
estimation of the atmospheric deposition. A method, developed for simultaneous
radiochemical determination of the 90Sr and Pu isotopes in monthly collected
deposition samples at NIMH radioactive monitoring network is described in details in
[5]. In brief the method consists of wet ashing, separation of the plutonium by
TEVA.Spec chromatographic material and source preparation by co-ppt. with Nd as
fluorides, 90Sr separation by Sr.Spec™ (ElChroM.Ind.) and oxalate ppt., followed by
alpha spectrometry and low level beta counting. Yield determination is done by added
Pu-236 or 242 tracers for plutonium isotopes and gravimetrically by stable Sr or Y
carrier. The typical background of alpha detectors is 0.14 - 0.22 imp/h, and in beta
counting - 0.2 imp/min. This way the estimated deposition of the 239"240Pu at the coast
station Varna range from 1 (October 1992) to 0.2 mBq.m'2 per day (May 1995).
Measured wSr deposition is from 0.04 to 2.6 mBq.m"2 per day and is less than the l37Cs
deposition of averaged 5±3 mBq m'2 per day. It is interesting to compare this values to
the results obtained previously for the samples taken in May 1986 in some other
NIMH sampling stations [6], when the deposited activities of 23'Ji240pu varied from 26
to 152 mBq m'2 per day and 90Sr - from 3 to 37 Bq.m"2 per day.

The methods described above future were applied on the seaweed's samples,
collected during the period of 1992-1996 under the NIMH-BAS research project part
of the IAEA CRP "Application of Tracer Techniques in the Study of Processes and
Pollution in the Black Sea". In this case radiochemical analyses were provided on
different subsamples and the recovery for 90Sr was higher than in the procedure for
atmospheric samples. The measured 239+2l10Pu concentrations range from 0.05 to 0.2
Bq/kg dry weight, 90Sr - from 0.1 to 10 Bq/kg, compare to '"Cs variations from 4.2 to
16.7 Bq/kg dry weight, where the lower concentrations are measured in green (Ulva)
and higher in brawn (Cystoseira) seaweed species. An attempt was made to determine
the "JIAm concentrations, but because of the lower chemical yield of the Am, the
values of the 24lAm were below DL. The test experiments for radiochemical
separation of the plutonium and 90Sr in 20-401 water samples have been started
recently. In such way the opportunity in front of NIMH to perform modern, adequate
monitoring is considerably increased.
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The development of industrial and agricultural
activities, the intensification of riverine and maritime
merchandise traffic in the Black Sea, as well as the
population excess in its drainage basin determined the
increase of pollution, with dramatic effects on the coastal
zone of the marine ecosystem.

The Romanian littoral has been affected on the whole,
beside errosion, by intense eutrophication of coastal
waters, and - as a direct consequence - by a severe decline
of biodiversity.

Four chemical (nutrients, heavy metals, radionuclides,
hydrocarbons) and one biological(fungi)indicators are being
reviewed for their present levels and evolutionary trends.

Results on the present state of the marine environment
in the Romanian Black Sea sector obtained by the Romanian
Marine Research Institute (RMRI) belong to the integrated
monitoring network of Romania and are being used within the
monitoring network of the GEF Black Sea Environmental
Programme.

In the Romanian Black Sea shelf waters the dissolved
inorganic nitrogen increased by a factor of four to five,
and the phosphorus load increased more than two times
compared to 1970. At the same time the Danube' s silica
discharge reduced strongly, its annual discharge for the
last 15 years being less than a half the estimated input
before 1970. This is related to the decrease of the solid
river discharge, as a consequence of the damming works for
energy production and of intense consumption during the
previous massive diatom blooms as well.

Considering the interannual changes of the nutrient
stocks discharged by the Danube into the sea, a slight but
continuous diminishing tendency should be noticed after
1990.

High heavy metal concentration in sediments originating
in the southern zone of the Romanian littoral, including the
Constantza harbour, are mainly due to land-based pollution
sources (point sources, wastewater treatment plants, harbour
activities).

Blue mussels (Mytilus galloprovincialis) show higher
heavy metal levels than analyzed fish samples (Gobius
melanostomus, Engraulis encrasicolus ponticus, Sprattus
sprattus phalericus) .

The content of heavy metals in marine biota originates
in evident anthropic influences along the Romanian littoral.
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The Sr-90 content in marine biota is low (maximum 1 Bq
Kg"1 fresh weight). The relatively highest Cs-137 values are
found in submerged sediments (maxima up to about 200 Bq Kg
dry). Cs-137 in biota reaches contents up to several Bq Kg"1

f.w. according to their biology.
The assessment of the radiometric quality of abiotic

and biotic components is useful with respect to the
knowledge of the state of the marine environment under
anthropic impact as well as to the use of its mineral and
living resourses.

The oil pollution reveals different aspects of the
evolution of this process in relation with the received
anthropic input in various investigated areas.

In the Danube river mouth marine area the average
seawater hydrocarbon concentration of 170.3 \xq 1" is 42%
higher than that found for the southern littoral at 10m
depth.

The consequence of anthropic effects exercised by
hydrocarbon exploitation, transportation and processing
activities explains the higher level of sea water
contamination by this pollutant in drilling areas, in direct
discharge areas of industrial and domestic sewage waters and
in the Constanta harbor.

The amplification of fungi pollution, especially due to
the representatives of Cryptococcaceae family, is being
confirmed.

Most of the up to 60% isolated forms of Rhodotorula
from the analyzed samples are pathogenic, followed by
species of Candida, Cladosporium and Penicillium.

Quantitatively, considerable seasonal differences
resulted in the specific composition of mycoplancton,
spring-summer forms mostly belonging to the genera
Trichoderma and Epicoccum.

Typical pollution indicators belonging to the genera
Cryptococcus, Rhodotorula and Mucor were more difficultly
attribuable to a certain season or another.

The mean density value of living fungi spores increased
continuously, showing a growing tendency of littoral water
contamination.

Even the offshore reference point Tuzla (10 nautical
miles)indicated considerable values, comparable to shallow
waters, frequently exceeding 1,000 propagules 1 .

These data support the environment protection measures
foreseen by the Ministry of Waters, Forests and
Environmental Protection, the requests of the Danube Delta
Biosphere Reserve Administration for its concrete research
and management needs, the implementation of the Black Sea
Strategic Action Plan and the fullfilment of Romania' s
obligations in the framework of the Convention on the
Protection of the Black Sea Against Pollution (Bucharest
Convention, 1992) and of the Odessa Ministerial Declaration
(1993) .
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The stable isotopes oxygen l8O and deuterium 2H, together with the transient tracer tri-
tium 3H are used to identify origins and characteristics of distinct water masses in the
Black Sea, and in its smaller neigbour, the Marmara Sea, connected between them and to
the Mediterranean Sea through the Straits of Bosphorus and Dardanelles respectively. Ex-
change through the system and the water mass formation and evolution are characterised,
based on the isotope measurements. Spatial coverage including the shelf and deep regions,
with improved accuracy and reduced noise provide definitive assessments of pycnocline and
deep mixing in the system, and show the influence of fresh water in the western Black Sea
continental shelf. The surface waters of the Black Sea including the lower pycnocline and
the deeper basin have different regimes of mixing. The pycnocline in both the Marmara
Sea and the Black Sea represents an efficient barrier to mixing, but the time evolution of
the surface characteristics in the two seas differ, as a result of miixng with the underlying
waters. Rapid changes in the j^roperties occur across the Turkish Straits.
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Vefa, Istanbul, Turkey

The most important contaminant in the Turkish Straits (Bosphorus, Dardanelles and the
Sea of Marmara) is petroleum hydrocarbons. The first measurement on pollution was made
following the Nassia tanker accident occured on 13 March 1994 [1]. This paper reports oil
pollution in these straits during 1995-1996.

Seawater samples were taken at the northern entrance (B|, Di) and southern end (B2,
D2) of the Bosphorus (B) and the Dardanelles (D) and also at the four stations in the Sea of
Marmara (M r 4). The samples were taken at surface and 10 m depth in 3 L amber glass bottles.

They were extracted with dichloromethane and analyzed by UVF at 310/360 nm
(ex/em) [2].

In 1995, the oil concentration varied in the surface water of the Bosphorus between
1.97-5.53 \igfL at Bi and 3.00-13.6 ng/L at B2; at 10 m depth the oil concentrations were 1.55-
3.56 jxg/L at B, and 1.61-5.52 Hg/L at B2. In 1996, wide ranges of variation were found; In the
surface water such as 1.35-27.0 |ig/L at B, and 3.17-39.5 |^g/L at B2; at 10 m the oil
concentrations were 2.57-11.7 jxg/L at Bi and 2.32-51.10 |ig/L at B2. The high pollution level at
the exit of the Bosphorus can be attributed to the addition by local sea traffic. The oil pollution
levels in the Bosphorus were found significantly higher in 1996 compared to 1995.

In the Sea of Marmara in 1995, the oil concentration at Mi, M2, M3 and M4 stations
varied in surface water 3.65-36.9 u,g/L and at 10 m depth 3.00-4.40 (Xg/L. The highest value in
surface water was recorded at M3 and M4 in Nov. 1995. Oil levels at stations M rM 4 in 1996
were 2.06-103.7 ng/L for surface water and 1.09-164.9 |Xg/L at 10 m depth. The highest value
was found at M2 in surface water and at 10 m depth in Sept. 1996. The values for M3 and M4

were approximately the same. The oil pollution in the Sea of Marmara increased in 1996
compared to 1995.

In the Dardanelles in 1995, the oil concentration in surface water varied between 2.70-
5.24 |xg/L at D] and 1.95-5.29 |j.g/L at D2; at 10 m the values were 2.09-14.39 |ig/L at D, and
2.76-5.49 |ig/L at D2. In 1996, the values in surface water at Di and D2 were between 1.99-43.5
Hg/L and 2.42-40.9 fig/L respectively; at 10 m the values were 3.30-36.0 ng/L at D, and 2.80-
29.6 (ig/L at D2. The oil concentrations in surface water and at 10 m depth increased in 1996
compared to 1995.

No difference is found between the GC/MS chromatograms of the Bosphorus and the
Dardanelles samples. In the GC/MS chromatograms the observed peaks are Pristane (Pr) and
Phytane (Ph) in 6,7/1996 and 6, 11/1996 (month/year). Pr/Ph ratios are lower than one (0.56-
0.98). This finding indicates that the origin of hydrocarbons is petrogenic. Unresolved complex
mixture (UCM) observed in some chromatograms indicated the recent oil pollution.

The amount of oil products discharged annually into the Black Sea is estimated to be
410.000 tons [3]. Shipping activities involving tankers and other vessels sailing in this area and
land based industrial and urban sources contribute to the overall oil pollution load in these
straits.
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The high petroleum pollution in the Sea of Marmara is caused by the inflow from the
Black Sea, very high marine traffic and the izmit refinery.

The highly dynamic nature of water movement and mixing in the Turkish straits
especially in the Bosphorus as indicated above is likely to be the main factor in promoting
natural dissipation of the spilled oil.
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Population increase in the last decades together with the urbanization and industrialization in
the southern coast of Turkey create coastal pollution problems. The annual fresh water input
from the main rivers in this region amounts about 3xlO10 m3 and it constitutes about 7% of the
total fresh water input into the whole Mediterranean. The total annual industrial and domestic
discharge make contribution of about 14xlO7 m3 for the same region. The coastline between
Mersin and iskenderun provinces in the northeastern Mediterranean is intensively industrialized
such as textile, plastic, soda, paint, pulp and paper products, ferro-crome, food, artificial
fertilizers and petroleum industry. In this work, state of pollution from land-based sources in
the Northeastern Mediterranean will be presented by the evaluation of 16 years data (1982-
1997), including the implementation on the trends against time and the impacts of pollutants on
the marine environment especially on the marine life. Water samples were collected from land-
based source points and the coastal stations were fixed in front of these source points and they
are located in the continental shelf area -mostly in lskenderun and Mersin bays. A couple of
offshore stations were visited in order to compare the background levels with the polluted
coastal waters. The parameters monitored at the source points and in sea water (mostly 2-4
times per a year) were total suspended sediment, Feacal Coliform (not for the industrial
effluents), o-phosphate, total phosphorus (not for the sea water), nitrate+nitrite, total nitrogen
(not for the sea water), biological oxygen demand, chemical oxygen demand (in water samples
from effluents but on particulate samples from sea water), poliaromatic petroleum
hydrocarbons and heavy metals such as mercury and cadmium (both in water and adsorbed on
suspended particles). Sediment samples from continental shelf area were collected on a yearly
basis (although some years are missing) in order to understand the accumulation characteristics
of some pollutants such as heavy metals and petroleum hydrocarbons. Such toxic pollutants
were also determined in marine biota (in some common fish species such as Solea solea,
Mullus barbatus, Mugil auratus, U. mo/uccciisis and some other sea products such as M.
galloprovincialis and shrimps). The poliaromatic petroleum hydrocarbon (PAHs)
concentrations in the NE Mediterranean waters varied between <0.1-5 ugL'1. The
concentrations were highy variable and relatively high in iskenderun bay where the pipe lines
(e.g. Iraq-Yumurtahk line) and filling stations are located. An unexpected accident happened in
1982 which has caused a leak of 8000 tons of oil from Iraq pipeline and consequent increase of
instant sea water concentration up to 25 ugL"1. The Gulf War also infuenced the PAHs content
of Bay's waters. The average PAHs concentrations ranged between 1-15 ug g'1 (dry weight)
in marine biota. The highest PAHs concentration in the sediment was recorded as <20 ug g-1
(dry weight). The total mercury and cadmium concentrations in sea water ranged between
<0.1 and 10 ngL1 and < 5 ngL"1 respectively and they were mostly adsorbed onto particles. The
mercury concentration detected in the marine biota up to 165 ng g"1 and up to 2503±1205 ng
g'1 (dry weight) in U. Molluccensis while the concentrations in sediment ranged in between
16-47 ng g-1 (dry weight).
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In 1977, the Low-level Working Group of the International Committee on
Radionuclide Metrology met in Boston, MA (USA) to define the characteristics of a
new set of environmental radioactivity reference materials. These reference materials
were to provide the radiochemist with the same analytical challenges faced when
assaying environmental samples. It was decided that radionuclide-bearing natural
materials should be collected from sites where there had been sufficient time for
natural processes to redistribute the chemical speciation of the radionuclides. Over
the succeeding years, the National Institute of Standards and Technology (NIST) in
cooperation with highly experienced laboratories, certified and issued a number of
these as low-level radioactivity Standard Reference Materials (SRMs). NIST has
certified actinide and fission and activation product concentrations in: River Sediment
(SRM 4350B), Human Lung (SRM 4351), Human Liver (SRM 4352), Rocky Flats
Soil - 1 (SRM 4353), Freshwater Lake Sediment (SRM 4354) and Peruvian Soil
(SRM 4355). This family of natural-matrix materials has been used: 1) to develop
radiochemical procedures, 2) to test radiochemical procedures already in use for
environmental and biokinetic evaluations, 3) to calibrate instruments, 4) to
intercompare and evaluate radiochemical methods, 5) to test competency of
technicians to do radiochemical assays, and 6) to demonstrate that data output is
reliable. The experience of certifying these SRMs has also given NIST the
opportunity to compare radioanalytical methods and learn of their limitations.

NIST had convened an international workshop to define the natural-matrix
radionuclide SRM needs for ocean studies. The highest priorities proposed at the
workshop were sediment, shellfish, seaweed, fish flesh and water matrices containing
90Sr, l37Cs and 239Pu + 240Pu at mBq per sample concentration ranges. The most recent
low-level environmental radionuclide SRM issued is the Ocean Sediment (SRM
4357). The material is a blend of Irish Sea sediment (collected, processed and
provided to NIST by the United Kingdom's National Radiological Protection Board)
and Chesapeake Bay sediment. The Chesapeake Bay sediment was blended in to
dilute the Irish Sea sediment's high levels of activity. Over 1500 bottles, each
containing a nominal 85 g of freeze-dried and pulverized sediment, were produced to
provide the radiochemistry community with an anticipated 10 yr supply of reference
material. The certificate provides certified and uncertified values for the following 25
radionuclides: 40K, «°Sr, "Tc, 129I, 137Cs, I55Eu, 210Pb, 210Po, 212Pb, 214Bi, 226Ra, 228Ra,
228Ac, 228Th, 230Th, 232Th, 234U, 235U, 237Np, 238U, 238Pu, 239Pu + 240Pu, 241Pu, and 241Am.
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The uncertainties for a number of the certified radionuclides are non-symmetrical and
relatively large because of the non-normal distribution of reported values.

NIST is continuing its efforts to provide the ocean studies community with
additional natural matrix radionuclide SRMs. An ashed bone material has been
prepared and analyzed by participating. The data is under statistical evaluation,
interlaboratory discrepancies will be resolved, and a certificate will be prepared by the
end of 1998. The freeze-dried shellfish flesh matrix has also been prepared and
recently sent to participating laboratories for analysis. In this case, we anticipate
receiving radioanalytical results by mid-1998, and the material certified by mid-1999.

These SRMs are primarily designed to certify the total concentration of the
radionuclide in the material. There is, however, a growing need to also determine the
radionuclide partitioning among the complex mixture of phases that make up these
matrices. Information on the radionuclide partitioning (speciation) gleaned from
environmental materials would greatly enhance interpretations of: a) source material
dissolution, b) transport and distribution of radionuclides in the bio-/geo-sphere
pathways, c) computer modeling of radionuclide dispersion, d) risk assessment, and e)
selection of remediation strategies. NIST's vision is eventually to develop natural-
matrix SRMs that are characterized for radionuclide partitioning. To begin, however,
NIST has developed a prototype sequential leaching procedure that has been
optimized for partitioning specificity. Time, temperature and reagent concentration
have been carefully studied for each leaching step to minimize dissolution of the next
more refractory phase. The Ocean Sediment (SRM 4357) has been used to develop
the proposed sequential leaching procedure. We will also test the robustness of the
procedure with the Freshwater Lake Sediment (SRM 4354), a material high in organic
matter. Before using the procedure to certify future SRMs, an interlaboratory
comparison of the method will be conducted test the reproducibility of the protocol.

Designing and processing environmental natural-matrix reference materials,
developing our own radioanalytical and statistical methods, evaluating those used by
collaborating laboratories, resolving interlaboratory discrepancies, and studying the
related propagation of measurement uncertainty had given NIST the experience to
initiate a proficiency (traceability) testing (PT) program. Current test materials
include solutions, air filters, soil, and synthetic urine and feces containing known
amounts of 90Sr, 238Pu, 238U, 239Pu + 240Pu, and 24lAm at 30 - 300 mBq/sample. These
intercomparisons evaluate the laboratory's degree of analytical consistency with the
NIST standards.

Although the NIST mission is very narrowly defined, the research and
development work to provide well characterized SRMs provides the world
environment-studies community with a critical foundation component for
radionuclide metrology.
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Improvements in environmental radioactivity assessments are strongly
dependent on reliable data resulting from complex measurements processes. Quality
assurance programmmes, including quality assessment and quality control procedures,
include features that lead to the production of reliable data. Experience has
demonstrated that data reliability and compatibility are best achieved by a well
designated quality assurance programme.

Quality assurance requires the establishment of techniques to control quality
(quality control) and techniques to evaluate their effectiveness (quality assessment).
The basic elements of quality control are: good laboratory practices (GLPs), standard
operation procedures, protocols for specific purposes and training. Quality assessment
techniques denote those ways by which the measurement process may be monitored in
order to infer the quality of the data output. These methods used are classified as
internal or external, depending on the sources of assistance needed to implement the
assessment technique.

The IAEA-MEL has been assisting analytical laboratories in Member States
with Analytical Quality Control Services (AQCS) for about 30 years [1]. This activity
was recognized as an important component of the IAEA's technical programme. The
assistance programme concentrated on organisation of intercomparison exercises and
the provision of reference materials [2].

Taking into account the importance of environmental data in ecological and
legal decision-making, the IAEA-MEL has reviewed the actions which should be
taken to assist laboratories in improving data quality. In particular it was proposed
that the AQCS programme should address in full the complex problem of the total
quality management of analytical laboratories, including in-house harmonisation of
the AQCS programme, quality assurance programmes and manuals, intercomparison
exercises with proper feedback, development of reference methods, production of
certified reference materials (CRM), accreditation of the Agency's and Member States
laboratories and training in quality assessment and control [3].

Special attention was paid to the gamma-spectrometric analysis of marine
samples. Gamma-spectrometry is recognized as a wide-purpose multi-nuclide method
of analysis presently based mainly on the use of HPGe detectors of planar, coaxial or
well type. In order to improve the quality of gamma spectrometric results, the IAEA-
MEL has implemented high-efficiency measuring systems using well-type and
coaxial HPGe detectors with 150% and 175% relative efficiencies, respectively.

In order to reduce the experimental effort and to improve the accuracy of
efficiency calibration, Monte Carlo simulation is an attractive means because any
source-detector configuration and any sample matrix can be modelled over the energy

55



interval of interest. The matrix corrections and the coincidence corrections were
carefully considered by means of realistic Monte-Carlo simulation method using the
GESPECOR algorithm and software [4].

Measurement data must be technically sound and often must be legally
defensible. Adequate documentation is a key requirement in all aspects of quality
assurance. Whatever the technique used, it is essential to accompany the result of an
experimental measurement by a realistic estimate of the uncertainty of the
measurement. The "Guide to the expression of uncertainty in measurement" published
by ISO in 1993 [5] establishes general rules for evaluating and expressing uncertainty
in measurement across a broad spectrum of measurements. The IAEA-MEL has
developed a systematic procedure to compute uncertainties in gamma spectrometric
measurements of environmental samples, as well as the combined standard
uncertainty [6]. Within this systematic procedure, the overall uncertainty takes into
account uncertainties associated with radiochemical separations (when radiochemistry
is involved), as well as the uncertainties associated with nuclear data (emission
probability, half-life), efficiency calibration procedure, sample preparation, count-rate,
self-attenuation and coincidences. A quality assurance programme as outlined may
appear costly and complex, but this should be far outweighed by the benefits gained
from its use.

Further developments in the Agency's AQCS Programme should include
proper feedback from the intercomparison exercises by organising evaluation
meetings to understand analytical problems, to assist member states laboratories with
QA programmes and to organise QA oriented training and AQCS missions.
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BOJANOWSKY, R., DECKNER, R., RADECKI, Z.

IAEA, Seibersdorf Laboratories Vienna (Austria)

There is a growing demand for environmental radioactivity measurements to be reliable,
i.e. accurate and traceable to internationally recognised standards, and for its quality be
adequately demonstrated and documented. These requirements are particularly important when
data sets generated by different laboratories are to be used to contribute to evaluation of data
from environmental pollution research and monitoring programmes. World-wide acceptance of
results from radiochemical analyses requires reliable, traceable and comparable measurements.

The Spanish Nuclear Safety Council (CSN) has the commitment to maintain high
standards of quality in radioactivity measurements performed in national environmental
laboratories. To this end it organises in collaboration with CIEMAT periodical interlaboratory
test comparisons for Spanish environmental radioactivity laboratories aiming to provide
laboratories with the necessary means to asses the quality of their results.

This paper presents data from the most recent exercise which, for the first time, was
evaluated following the procedure recommended in the ISO/IUPAC/AOAC Harmonised Protocol
for the proficiency testing of analytical laboratories(l). The test sample was a Reference Material
provided by the IAEA-AQCS, a lake sediment containing the following radionuclides: K-40,
Ra-226, Ac-228, Cs-137, Sr-90, Pu-(239+240). Originally there were only two radionuclides
with certified reference values in this material:K-40 and Cs-137, but this list was subsequently
extended to include Sr-90, Ra-226, Ac-228, and Pu-239+240, as a result of the ALMERA
intercomparison in 1997.

Within the ALMERA intercomparison most of the participating laboratories furnished
six independent determinations which enabled comparison of individual laboratory variances
with those of the whole data populations, providing a good evaluation of the reference values for
such radionuclides. Once the reference values were established for the sediment sample, they
were implemented on the Spanish scheme to apply the z-score statistical procedure for the
analysis of results; the classification of the laboratory performance was formed as follows:

Z= x-X /a

being JC the weighted mean of the three independent determinations informed by each participant,
X the ALMERA reference value for the activity concentration of each radionuclide (the "assigned
value"), and their confidence intervals the target value for the standard deviation (o ).
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The results of the proficiency test were computed for the 28 participating laboratories,
and were supplied to the ALMERA data base. This paper presents the evaluation of the exercise
and the performance appraisal of each laboratory.

The main conclusion obtained is that the use of a z-score classification provides
laboratories with a more objective means of assessing and demonstrating the reliability of the
data they are producing and also ensures that the results are both transparent and readily
appreciated.

Regarding the analytical proficiency of the participating laboratories, Figure 1 presents
the percent of laboratories by radionuclide being classified as satisfactory, acceptable or
unsatisfactory. Globally it can be said that analytical proficiency has been found to be acceptable
in 57 to 100 percent of cases, depending on the kind of radionuclide measured.
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Figure 1. Distribution percents of laboratories' performance by radionuclide in theexercise

References:

(1)- The International harmonised protocol for the proficiency testing of (chemical) analytical
laboratories. Pure and Appl. Chem. Vol. 65, No.9, pp. 2123-2144, 1993 IUPAC. GB.
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AB IJmuiden,The Netherlands

Reference materials are an important tool in the quality control of
chemical measurements. Also, reference materials are essential to
control the quality of environmental analyses [1] . Such reference
materials can be used as blind samples in laboratory performance
studies, as internal reference materials for regular use in
laboratories and as certified reference materials (CRMs). Until now
there is only a limited number of CRMs available. The costs for the
preparation of a reliable CRM are normally very high and only a few
institutes have a full control on the required techniques. At the
moment there are less than 10 biological CRMs available for the
determination of PCBs in marine biota [2]. Among these are two fish
oils (BCR), a freeze-dried garpike and a freeze-dried tuna tissue
(IAEA), a cod liver oil, a whale blubber [3] and a freeze-dried
mussel tissue (NIST). Most of these materials have the disadvantage
that they cannot be used to control the extraction step of the method
for PCB analysis. An exception may be the CRM CARP-1, which was
recently produced as a sterilised slurry by the National Research
Council of Canada. The NIST whale blubber is deep frozen, but needs
to be transported in frozen condition, which is rather laborious and
expensive. Fish oils are immediately dissolved in an organic solvent
and submitted to the clean-up procedure. Freeze-dried samples have a
different behaviour during the extraction than fresh materials. In
addition, the oils and the freeze-dried materials have higher PCB
concentrations than the fresh matrices. Biological materials used in
inter laboratory studies also normally are freeze-dried materials or
of fish oils.

A new technique for the preparation of biological reference
materials was developed to offer a solution for the problems
described above [4]. Fresh fish tissue, muscle or liver, or shellfish
tissue was homogenised until a mince was formed. After the addition
of an antioxidant (butylhydroxy-toluene), tins of ca. 70-100 gram
were filled with this mince. After sterilisation the tins were ready
for use in inter laboratory studies. One batch of mussels is
currently under preparation as a candidate CRM for PCBs. The
homogeneity and stability have been tested and were demonstrated to
be sufficient.

Similarly, sterilised fish and shellfish tissues have been
prepared for the analysis of trace metals, which were packed in glass
jars to avoid any contamination from metals.

A number of difficulties was encountered in the packing
procedures of both the reference materials for PCBs and for trace
metals. Tins used in the food industry are always coated inside to
prevent rust formation. However, these coatings contain different
compounds, among which bisphenol-A. These compounds can cause
interfering, mostly negative peaks in GC/ECD chromatograms. Uncoated
tins were specially made to solve this problem, but mussels could not
be packed in uncoated tins due to a higher risk of rust formation.
The interfering compounds from the coating disappeared, however,
during the clean-up of the mussel samples.

The samples for trace metal analysis were initially packed in
plastic to avoid any metal contamination. However, a slight sweating
effect was found after storage of these packages at 37 "C. Therefore,
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glass jars equipped with twist-off lids were introduced as a
substitute for the plastic packing materials. These jars were found
to be satisfactory for the purpose.

Fish and shellfish reference materials prepared in this way
have been used in the QUASIMEME (Quality Assurance of Information in
Marine Environmental Monitoring in Europe) programme for more than
five years. Reproducible results were obtained by the participants in
the laboratory performance study after repeated analysis of samples
from the same batch, which confirmed the good homogeneity and
stability of the materials produced [5,6]. The reference materials
produced in this way are easy to handle and can be stored at room
temperature. By using these materials it has been possible to test
the performance of laboratories in analysing PCB and organochlorine
pesticide concentrations in lean matrices, and to test the extraction
efficiency. A CRM PCBs in mussels is currently being certified. It
will be the first CRM for PCBs in fresh mussel tissue, which very
closely mimics natural mussel matrices sampled in marine monitoring
programmes.
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The National Biomonitoring Specimen Bank (NBSB) is located at the National Institute of
Standards and Technology in Gaithersburg, MD. Through collaborations with several
different US agencies, a diverse array of specimens that represent the status of the
environment at the time of collection has been collected in a clean, well-documented manner,
and archived in freezers that are maintained at liquid nitrogen vapor temperatures. All
specimens were divided into two sub-samples and stored in two separate freezers. One
subsample, labeled A, is intended for very long term storage and the other (labeled B) may be
used for analyses shortly after collection. A subset of the B portions of these specimens is
analyzed at NIST using instrumental neutron activation analysis (INAA) to determine
baseline concentrations of trace and minor elemental constituents of the specimens and to
look for any general trends in the environment.

The National Oceanic and Atmospheric Administration (NOAA) maintains a marine mammal
tissue bank within the NBSB as part of the US Marine Mammal Health and Stranding
Response Program. The holdings of this bank include liver, kidney, and blubber (and in some
cases muscle and serum) specimens from 350 individual marine animals representing 25
different species. Over the past ten years, specimens from 12 species (250 animals) were
taken during Native American subsistence harvests in the Alaskan Arctic. These Alaskan
species, the number of animals, and specimens from each are listed in Table 1. Subsamples of
the liver tissues of 25 beluga whales (Delphinapterus leucas), 13 ringed seals {Phoca
hispida), 5 bowhead whales (Balaena mysticetus), and three bearded seals (Erignathus
bar bat us) were analyzed using INAA. Subsamples of kidney tissues of 10 beluga whales
also were analyzed.

Table 1. Inventory of the NOAA Marine Mammal Tissue Bank for Species from Alaska.

Species
Bearded Seal
Elephant Seal
Harbor Seal
Northern Fur Seal
Ringed Seal
Spotted Seal
Stellar Sea Lion
Beluga Whale
Bowhead Whale
Walrus
Polar Bear
Sea Otter
Total

Number
Sampled

10
1

10
21
57
2
4

45
48
20
28
3 '

249

Liver
9
1
9

21
47
2
3

41
43
20
27
3

226

Kidney
8
1
9

21
47
2
4

40
6

20
27
3

188

Blubber
10
1
8

21
57
2
4
43
48
17

18 (fat)
0

229

Muscle
0
0
1
5
0
0
0
17
0
0
0
0

23

Serum
0
0
0
6
0
0
0
0
0
0
0
2
8

61



Using INAA, concentrations of the following elements were determined: Ag, As, Br, Ca, Cd,
Cl, Co, Cu, Cs, I, Hg, K, Mg, Mo, Mn, Na, Rb, Sb, Sc, Se, Zn, V; concentrations of the
following elements were below the INAA detection limits for most of these tissues: Au, Ba,
Ce, Eu, Hf, La, Sm, Sn, Sr, Ta, Tb, Th, U. The data were analyzed to determine: which
elements accumulate in the animal with age; whether there are differences among the Alaskan
species; whether there are differences within a species based on geographic location; whether
there are differences between Alaskan mammals and those from other regions. Element
concentrations found in the tissues of these animals were compared with those reported by
other researchers for the same species.

To determine whether these elements were increasing in the liver as a function of age, hepatic
element concentrations were plotted against age estimates for 12 beluga whales from Point
Lay and Point Hope and 8 from Cook Inlet. The two groups were evaluated separately
because they are separate populations with very different growth characteristics. Age
estimates were based on the number of growth layer groups in the teeth of these animals and
were determined by Robert Suydam [1] and Barbara Mahoney (unpublished data). No age
estimates were available for the other species, so animal length was used as an indication of
animal age. Elements for which hepatic concentrations increased with the age of the Point
Lay and Point Hope beluga whales were V, Se, Ag, Cd, and Hg. No increases with animal
age or length were observed for the Cook Inlet population. Hepatic concentrations of V, Se,
Cd, and Hg increased with length of the ringed seals. Hepatic V, Se, Ag, and Hg increased
with length of the three bowhead whales that were studied and V, Se, and Ag increased with
the length of the three bearded seals studied. For bowhead whales and bearded seals the
numbers of animals studied are too few to make any conclusions concerning the trace
element status of these species.

One striking difference among the Alaska species is the levels of silver found in beluga
whales as compared with levels found in the other species. This was first observed during the
analysis of the first ten beluga whales from Point Lay and Point Hope regions of Alaska [1].
An additional ten beluga whales from Cook Inlet Alaska were analyzed for this work and Ag
concentrations were similar to those measured in the Point Lay and Point Hope animals. It is
believed that the animals from Cook Inlet are a distinctly different population from the Point
Lay and Point Hope population. Levels in the liver tissues of beluga whales are generally
orders of magnitude greater than those found in other species, with concentrations ranging
from 10 to 107 ug/g (of tissue wet weight). This magnitude of accumulation of silver may be
unique to this species.

No significant differences in trace element levels were found within a species as a function of
geographic location. Hepatic V in Cook Inlet beluga whales (0.02-0.06 ug/g) was somewhat
lower than in the beluga whales from Point Hope and Point Lay (0.03-0.3 ug/g) but the Cook
Inlet popuation was on average younger than the other group. Among different species from
different regions, one significant difference were the levels of V found in Alaskan species as
compared with those found in species from other locations [2]. Vanadium concentrations in
the liver of ringed seal, bowhead whales, bearded seals, and beluga whales of both
populations ranged from about 0.03 to 1 ug/g. These levels are much higher than those found
in pilot whales and harbor porpoise, from the Eastern US for which values were 0.02 ug/g
[3], but similar to those reported by Frank et al. [4] in the livers of pinnipeds from Swedish
waters and those reported by Warburton and Seagars [5] for walrus livers.
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THE IAEA WORLD-WIDE INTERCOMPARISON EXERCISES (1990-1997):
DETERMINATION OF TRACE ELEMENTS IN MARINE SEDIMENTS AND
BIOLOGICAL SAMPLES
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International Atomic Energy Agency, Marine Environment Laboratory, P.O. Box 800, MC-
98012, Principality of Monaco.

Since 1973, the IAEA Marine Environment Laboratory has conducted on a regular basis
world-wide and regional intercomparison exercises on trace metal analyses in marine biota and
sediments. These exercises aim at enabling laboratories to monitor their performance and at
allowing an overall evaluation of the quality of analytical information provided for
environmental assessment [1]. Results of these exercises are also useful to identify the trends
of analytical performance in the determination of elements over the years.

The present study reviews the data quality over the past 7 years and critically examine
areas of concern. Four major worldwide intercomparison exercises were completed since 1991
using various environmental matrices: deep sea marine sediment, contaminated coastal
sediment, tuna fish homogenate and sea plant (Fucus sp.) (Table 1) [2-5]. The number of
participants in each exercise varied between 68 and 121, originating from 37 to 54 countries,
and permit statistical evaluation of the performance for a number of elements. These numbers,
however, do not reflect the regularity of participation as discussed below.

For each exercise, the performance of the participant laboratories was assessed by
comparing reported results with established reference values calculating "Z-scores":
Z = (xrxa)/s where Xi is the arithmetic mean of the reported value of the analyte concentration
in the sample; x, is the certified or assigned value; and s is the target standard deviation [6].
The target standard deviation was set at 12.5% for all exercises. This type of score represents a
simple method of giving each participant a normalized performance score for bias. The
performance is considered satisfactory if a relative bias is equal to or better than 25% (| ZI <2).
Z-scores from 2 to 3 indicate that the results are of questionable quality. All Z-scores equal to
or higher than 3 indicate that the measurements are inaccurate.

For each intercomparison exercise, the percentage of satisfactory scores was calculated
for selected trace elements to assess the overall performance of the worldwide laboratories
(Table 1). Although the assessment of trends in analytical performance may be difficult because
of the different levels of analytes in the samples, in a first approximation the comparisons were
made for similar matrices (i.e., sediments and biological samples). For each type of sample
matrix, evaluation of the Z-scores shows that values reported by some laboratories were far

Table 1 The improvement in the measurement of metals in sediments and
biological samples: percentage of satisfactory scores (| Z | ̂  2)

As
Cd
Cr
Cu
Hg
Mn
Pb
Za

SD-M-2
1991 *

Marine sediment
(background level)

76
21
44
76
45
79
48
73

IAEA-350
1992*

Tuna fish (low
levels, except Hg)

39
20
28
55
62
53
12
67

IAEA-356
1994*

Polluted sediment
(high levels)

61
63
57
83
67
81
74
84

IAEA-140
1997 *

Sea plant
(low levels)

82
65
61
69
48
84
47
80

* Year of completion of the exercise.
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from satisfactory in earlier exercises. Nevertheless, a general improvement of performance over
time can be clearly seen for each of the elements (Table 1). The enhanced performance for
sediments can be, at least partly, attributed also to the high levels of the latest intercomparison
sample (IAEA-356) which would be easier to analyse than low background levels. For Cd and
Cr, the performance of laboratories has greatly improved over time, and about 60% of the
laboratories were able to obtain accurate results for these elements in recent exercises.
However, the performance of laboratories is generally poor for Hg and Pb. In particular, the
determination of Hg at low levels remains a problem for many laboratories (i. e., SD-M-2 and
IAEA-140 samples), as well as the determination of Pb for low level sediment and all
biological samples.

The total number of participating laboratories with 80% ox more satisfactory scores
(IZ I < 2) for all selected trace elements was also computed for each exercise. The overview
of these results indicates that over time there is a visible increase in the number of laboratories
with good performance (Table 2). Additionally, in order to evaluate the performance of
individual laboratories over time, we selected laboratories which participated in 2 exercises for
the same matrix (sediment or biological). This evaluation is based on a limited number of
laboratories as the participation has not always been regular over the years. A high proportion
of laboratories that participated in two exercises for the same matrix have shown a measurable
improvement in performance for trace elements determination (i.e., 63% of laboratories
improved their global performance by more than 10% for biological matrix and 45% for
sediment).

Table 2 Overview of performance of laboratories in sediments and biological materials

SDM-2-TM IAEA-350 IAEA-356 IAEA-140
Sediment Tuna fish Sediment Sea plant

Total # of laboratories 130 70 66 108

% of good laboratories' 24 10 45 40
1 Percentage of laboratories with > 80% satisfactory scores (IZI < 2) for all selected elements.

Two sample plots for sediments indicate systematic errors in some laboratories for Cu,
Zn and Mn. Many excess values were reported for Hg, Cd, Pb and Zn in low level marine
sediments, and almost as many for the contaminated sediment, and are probably the result of
contamination or poor calibration. Excess values was also the main cause of inaccuracy for the
determination of low levels of Cd and Pb in biological samples.

In summary, the regular participation of laboratories in the intercomparison exercises
did result in improvement of performance. However, the determination of trace elements in
low level environmental samples still remains a major challenge to the analysts and data quality
needs to be improved for a number of laboratories.
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RAPID COASTAL SURVEY OF ANTHROPOGENIC RADIONUCLIDES, METALS, AND
ORGANIC COMPOUNDS IN SURFICIAL MARINE SEDIMENTS
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The Center for Applied Isotope Studies at the University of Georgia (CAIS) has been
involved for two decades in the development and operation of the GIMS/CS3, a towed system for
rapid, in situ measurement and near real time mapping of surface sediment parameters in aquatic
environments (Noakes et al., 1997; Noakes and Harding, 1992). Sensors mounted on a towed sled
continuously collect data from the sediment/water interface, while surficial sediment samples are
pumped to the surface vessel for processing and analysis as the vessel is underway. In its present
configuration, the GIMS/CS3 can be used for the measurement and mapping of elemental,
radiometric, lithologic, bathymetric, and water quality parameters at the sediment surface. The CAIS
is now expanding system capabilities to include in situ measurement of sediment organic
contaminants. At-sea analysis and mapping of these parameters provides an effective means of
geochemical and environmental characterization over large aquatic regions, permitting rapid
delineation of the areas requiring further, more detailed investigation.

The GIMS/CS3 contains a number of separate sensor components. The Gamma Isotope
Mapping System (GIMS) has gamma spectroscopy capability, using a NaI(Tl) crystal detector
mounted aboard the towed sled for the identification of naturally occurring or anthropogenic
radioisotopes present in bottom sediments, and for the interpretation of seafloor sediment lithology.
The Continuous Sediment Sampling and Analysis System (CS3) uses a sled-mounted submersible
pump to collect sediment samples while underway, delivering them to the survey vessel in the form
of a sediment slurry. Samples are dewatered by vacuum filtration, deposited as a sediment wafer
onto a quartz filter wafer, and analyzed for elemental content using nondestructive x-ray fluorescence
spectroscopy (XRF). The CAIS will incorporate a field-portable gas chromatograph/mass
spectrometer (GC/MS) into the CS3 sample processing system for the analysis of selected organic
compound constituents in the wafer samples. Data collected using the GIMS and the CS3 is input to a
computer for the generation of GPS-based two- and three-dimensional maps for survey area
bathymetry, gamma activity, and elemental constituent concentrations of surface sediments. A
capability for the mapping of organic compound distributions will be added in the near future.

The GIMS/CS3 can be deployed in water depths of up to approximately 100 m to allow data
collection in many types of environments, including a large part of the nearshore continental shelf.
The sled is towed at speeds of 2.5-3 knots along specified survey transects, permitting transect
coverage of up to 128 km every 24 hours. At a grid spacing of one km between transects, more than
100 km2 can be surveyed during a 24-hour period, with individual GIMS and CS3 systems operated
simultaneously for the continuous collection of data and samples. System capabilities for measuring
sediment parameters are as follows:

Radiometric Constituents. The GIMS records seafloor gamma radiation data for four or more
selected isotopic variables, generally 214Bi, ^ T l , ^K, and total gamma activity. 214Bi, ^ l , and ^K
are individual "pathfinder" elements indicative of the nature of seafloor sediments. With minor
adjustments, other radionuclides such as the anthropogenic isotope 137Cs can also be readily
monitored. Gamma radiation is measured to a depth below seafloor surface of approximately 25 cm,
depending upon the intensity of the gamma-emitter energy and on the properties of the sediments.
The shipboard spectrometer records the measurements gamma activities for the selected isotopes in
counts per minute, transferring data every 60 seconds for computer storage, hard copy printout, and
real time display on a color monitor.
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Elemental Constituents. The CS3 submersible pump delivers a continuous stream of sediment to the
shipboard sample processor, which flows first through a centrifugal cone for selective separation of
the fine sediment fraction (<200 /im). The fine sediments are of primary interest, as the ultimate
sink for most aquatic contaminants and the primary site of sorption reactions that govern the fate and
persistence of contaminants. At closely spaced intervals (approximately 3 samples per km), the
slurry is diverted to a collection chamber, dewatered, deposited as a sediment wafer, and dried in
preparation for elemental analysis. Nondestructive analyses for a limited range of major and trace
elements can be performed aboard ship using a wavelength-dispersive XRF unit. Analyses for up to
38 major and trace elements can also be performed in the laboratory using an energy-dispersive XRF
unit.

Organic Compounds. The CAIS is presently developing a technique for sediment organic compound
analysis in a rapid survey context for the GIMS/CS3. The method will enable the detection of
compounds including polyaromatic hydrocarbons, organophosphates, chlorinated hydrocarbons, and N-
containing pesticides using the same sediment wafer samples that are used for elemental content
determinations by XRF. The analytical constraints imposed by the large numbers of CS3-generated
sediment samples have dictated a unique approach to the survey methodology. The proposed format
targets a group often organic compounds including petroleum products, herbicides, insecticides, acids,
and chlorinated hydrocarbon compounds which are selected based on past usage, durability in the
environment, a "pathfinder" nature that would be indicative of other compounds likely to occur, and a
suitability for rapid sample preparation and GC analysis. The presence of these compounds in the
study area would signify a potential need for closer scrutiny or the added verification of homolog
compounds for a more positive source identification. For surveys conducted in areas that have known
organic contaminants, selected compounds can be added to the target list with little added time or cost.

Background work completed to date has been very promising, with the establishment of a method that
enables quantitation of selected compounds on sediment wafer samples like those provided by the CS3

sample processing system. PAH analysis conducted using a gas chromatograph in a selected ion
monitoring mode yielded detection levels of 0.1 to 1.0 ppm. Work currently underway is expected to
significantly improve the sensitivity and resolution for PAHs as well as other types of organic
compounds. Efforts are also underway to develop a thermal organic desorption technique for the
GIMS/CS3 sediment wafer extractions, which would enable the performance of organic analyses
quickly and without solvent, thus providing a potential alternative to both the Soxhlet and sonication
methods of organic compound extraction.
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Submarine groundwater discharge has been documented to be significant for nutrient input
in some regions, and could be of importance for issues relating to pathways of pollutants to the
ocean. Finding points of discharge is an important first step, especially when contaminated
groundwater may be involved. The problem is how to find and measure direct groundwater flow
into the coastal zone. Groundwater seepage is usually patchy, diffuse, and temporally variable.

222Radon ( Rn) can be a valuable tracer of direct groundwater discharge [1].
222Although Rn in water may be measured reliably by classical methods such as radon

emanation techniques, this approach can only provide information about water bodies over limited
time periods. Ideally, studies of groundwater discharge would include measurements of dissolved
radon concentrations integrated over various periods including time scales of days to weeks.
Unfortunately, fine-scale temporal analysis is invariably limited by sampling logistics and time
constraints. Therefore, it is desirable to develop a detection system which could be deployed and
provide monitoring either in real time, for a rapid site assessment, or moored for a more extended
period to provide a continuous record. Previous studies have used silicon semi-conductor
detectors for underwater radon measurements [4]. A negative charge on the detector is used to

222attract positively-charged Rn daughters to the detector surface. Monitoring of the 6.0 MeV
218alpha particles associated with the decay of Po allowed concentrations of 4 pCi/L. The major

flaw of such detection system is the relative poor efficiency, which is due to a number of factors
including the limited surface area available for diffusion of radon from seawater, the small surface
area of the detector, and the small electric field used for detection of secondary ionization.

We have designed a few varieties of an underwater radon detection system, suitable for
deployment in a coastal zone. One design is based on a new plastic scintillator [2] with unique
features that make it appropriate for in situ measurement of the alpha-activity of natural waters. A

hydrophobic and insoluble polymer (water vapor absorption less than 0.01 percent at 20 C during
24 hours) is used as a polymer base for the plastic scintillator. This material is superior to such
polymers as polycarbonate and polyethylene-terephthalate with respect to size stability when
humidity increases. The thickness of the plastic scintillator is set equal to an average path length of
the alpha-particles. The scintillator is placed on the outer surface of a transparent (visual spectrum
band of the electrical wave range) waterproof case so direct contact with the environment is
achieved. A photo-detector with a large diameter (370-382 mm) hemispheric photoelectric cathode
is located inside the waterproof case. This scheme permits monitoring large water volumes with a
relatively small sized counter (a 450-500 mm diameter sphere) with low background (less than one
background pulse per minute). The on-board electronic equipment consists of a threshold anode
pulse discriminator; a transformation unit for converting battery voltage into rated voltage values to
supply the photo-detector and electronic equipment; a counter, timer, and buffer memory for brief
and permanent data storage; a signal forming unit with a hydroacoustic package unit; and a
hydroacoustic release mechanism.
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Data may be transmitted over the hydroacoustic channel and written on the permanent data
carrier. A lithium battery supply unit could supply a minimum of 4,500 hours of continuous
operation. Alternatively, an on-board data collection package could be installed for long-range
radon monitoring at one location [3]. Various deployment scenarios are presented in the diagram
(Fig. 1).
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Figure 1. Deployment of an underwater radon sensor could include: (I) mooring for extended
periods in order to evaluate temporal variations at one site; or (II) deployment from a ship
for investigation of individual sites over shorter periods.

This study was supported in part by the National Research Council of the USA according
to the Radioactive Waste Management Program (RWMP).
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Using ERS-2 SAR images for routinely observation of marine pollution in
European coastal waters

Martin Gade and Werner Alpers
University of Hamburg, Institute of Oceanography, Hamburg, Germany

The oil pollution of the southern Baltic Sea, the North Sea, and the Gulf of Lions in
the Mediterranean has been studied since December 1996 within the framework of the EC-
funded project "Clean Seas", which is aimed at investigating the application of satellite data
for coastal management, particularly for monitoring marine oil pollution. More than 500
synthetic aperture radar (SAR) images have been acquired over the three test sites (see Figure
1) by the Second European Remote Sensing Satellite (ERS-2). We have analyzed these SAR
images with respect to radar signatures of (natural and man-made) oil pollution and other
phenomena causing similar signatures. The results of these analyses are presented.

Clean Seas SAR frames

Figure 1. Map of the three Clean Seas test sites and of the locations of the routinely acquired
ERS-SAR frames.

Oil spills floating on the sea surface dampen the short surface waves which are
responsible for the radar backscattering. Thus, the spills can be inferred on SAR images as
irregular-shaped dark patches [1,2]. For this reason, and since the use of radar techniques is
independent of daytime and cloud coverage, the SAR aboard the ERS-2 is used for our
systematic studies.

The ERS-2 SAR images reveal that the seas are most polluted along the main ship
routes (see Figure 2). SAR images acquired during descending (morning) and ascending
(evening) satellite passes show different percentages of oil pollution, because most of the
pollution occurs during night time and is still visible on the SAR images acquired in the
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morning time. Various SAR image scenes are presented showing how the oil spills are
affected by different oceanic and atmospheric factors, like wind and currents.

Baltic Sea:

Detected Oil Pollution -

Figure 2. Marine oil pollution in the Baltic Sea test site, as detected between 1 December
1996 and 24 January 1998 (corresponding to 12 repeat cycles of the ERS). The detected oil
pollution is subdivided into larger (black stars) and smaller (gray stars) oil spills.

The observed signatures of oil pollution are classified by means of their different
dimensions, shape, and reduction of the normalized radar cross section (NRCS). Additional
classification methods, like enhanced image processing techniques using fractal analyses, are
suggested. This classification shall be used for the generation of a geographical information
system (GIS) of the particular sea areas used for the present investigation.

River outflows of the Rhine and Oder rivers as well as areas with strong algae blooms
are visible on SAR images and have been analyzed. Finally, we present signatures of
atmospheric and oceanic phenomena which are very similar to those of marine pollution. For
a selection of images showing such look-alikes (e.g., surface current variations due to
underwater bottom topography) the observed signatures are compared with those obtained
from theoretical calculations of the NRCS. We conclude that for an effective oil spill
surveillance system a good understanding is required of radar signatures of other
oceanographic and atmospheric phenomena that give rise to similar radar signatures as oil
spills.
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Follow up of the spread of the green alga, Caulerpa taxifolia, in shallow water
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spectral imagery and aerial photography
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High resolution spectral images of shallow, marine habitats in the Bay of Menton,
French Riviera, were obtained using a Compact Airborne Spectrographic Imager (CASI)
mounted on a small helicopter. Images were collected in September-October, 1997, when
perfect sky and sea conditions (no cloud, flat sea-surface, high water clarity) coincided with
maximum seasonal development of Caulerpa taxifolia. Initial calibration demonstrated
maximum information return when the instrument was set to record, principally, in the blue and
blue-green regions of the electromagnetic spectrum (0.4 - 0.5 firn wavelength). The images
were corrected for radiometric distortion and aircraft roll and located in the horizontal plane to
± 3 m using differential GPS (UTM coordinates) and aerial photography (French National
Geographic Institute, IGN). Superimposition of the geo-referenced images on bathymetric
charts of the study area, prepared using sonar (1 m resolution), demonstrated that populations
of Caulerpa taxifolia and the seagrass, Posidonia oceanica, could be differentiated and mapped
to a depth of 15-20 m on the basis of their spectral signatures.

The data obtained by CASI contrast sharply with existing claims about both the cover of
C. taxifolia in the Bay of Menton and the alga's capacity to invade beds of P. oceanica. The
cover of C. taxifolia in the study area is considered to be higher than in most other parts of the
French Riviera. CASI data indicate an average cover of only 2.5%. Dense populations of the
alga are confined to 2 distinct localities. The first population exists in shallow-water along the
more heavily developed eastern seaboard of Cap Martin; it extends from close to the shore to
the upper limits of an ill-defined P. oceanica bed. While the two populations are mixed at their
interface, none of the patches of P. oceanica that were recorded on photographs taken by the
IGN in 1988 has been overgrown by C. taxifolia. The second population occupies an area
800 m long by 200 m wide in front of 2 storm-water drains that evacuate waste from the city
of Menton and surrounding hills. Although, P. oceanica occurred here in the early part of this
century it had disappeared before the emergence of C. taxifolia. In this locality, C. taxifolia
shares the muddy-sand substratum with the phanerogam, Cymodocea nodosa.

The most interesting aspect of the data is that this mixed community of C. taxifolia and
C. nodosa is now showing evidence of de novo colonisation by P. Oceanica. If this
continues, it might be argued that C. taxifolia fulfils a similar early successionary role to
Caulerpa prolifera in the development of seagrass beds.
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Bat 108, 91405 Orsay , France

129I is an isotope of iodine having a half-life of 15.7My. In the pre-nuclear era, the ratio of 129I to
stable iodine (127I) in the ocean is estimated to have been ~10-12.This corresponds to a total quantity of
-100 kg (650 GBq) of 129| in the global ocean. Most of this 129I is believed to have originated from the
spontaneous fission of 238U and from the nuclear interaction of cosmic rays with the xenon component
of the atmosphere. In the post-nuclear era, additional 129I has been added to the oceans from several
sources, including;
- Atmospheric testing of nuclear weapons, which have produced an estimated 50 kg (325 Bq) of 1 2 9 I ,
mainly in the early 1960's. Since this 129I was initially deposited in the ocean surface layer, it raised the
129I/127I ratio in this layer to -10"10

-Authorized marine discharges of 129I by nuclear reprocessing facilities. Based on measurements in
archived seaweed samples, and official discharge data, we have estimated that the facilities at
Sellafield (UK) and La Hague (France) have discharged from their startup until 1995, -1700 kg (11
TBq) into the Irish Sea and English Channel respectively [1]. The current discharge rate for these two
facilities is -250 kg/y, with -90% coming from La Hague. The 129|/127| ratio in waters around the
discharge points of these facilities is -10 5 [1] The indirect riverine input from other reprocessing
facilities, such as Marcoule (France) or Mayak (Russia) are much less certain, but appear to have
been small by comparison [2,3]. The fraction of the atmospheric component from all these facilities
reaching the ocean is also very uncertain.
-The accident at Chernobyl is estimated to have input 1-2 kg of 129I into the atmosphere. An unknown
fraction of this has found its way into the oceans, either by direct fallout, or by riverine runoff. Other
accidents (such as Windscale or Three Mile Island ) or the routine operation of nuclear reactors have
similarly input much smaller amounts into the oceans, via the atmosphere.
-Other authorized (for example the North East Atlantic dump site) or unauthorized ( dumping by the
former USSR in the Kara and Barents Seas) marine discharges have also contributed unknown, but
probably relatively minor, quantities of 129I to the ocean compared to the sources mentioned above.
Most of the 129I in the nuclear reactors dumped into the Kara Sea by the former USSR has apparently
not yet escaped into the oceans[3].

Until recently, the sensitivity for measuring 129I generally, and in ocean samples particularly,
has been rather poor due both to its long half-life, and a relatively elevated concentration of stable
iodine in the ocean. The development of accelerator mass spectrometry has changed this situation
dramatically. It is now possible to measure 129I in a few liters of water from anywhere in the ocean, and
in some areas from as little as a few drops of water! [4] This opens up a number of very interesting
applications, both for monitoring studies, and for fundamental research [5]. An example of the first
category is the use of ratios such as 129I/137CS or ^ l / ^Sr to distinguish between reprocessed and non-
reprocessed radioactive waste in the ocean. This is possible because, in general, these ratios in
reprocessed waste are orders of magnitude larger than those produced directly from fission. The high
sensitivity for detection also makes 129I a potentially interesting tool for nuclear safegard investigations,
or for investigating leakage from underground testing sites such as Novaya Zemlya or Mururoa.

Fundamental applications include the use of reprocessing derived 129I as a water mass tracer,
particularly in the North Atlantic and Arctic Oceans. For example, in the framework of a European
Union MAST project (ESOP2), we are currently using 129I to study deep water formation in the Nordic
Seas, and it's subsequent incorporation into the thermohaline circulation of the Atlantic. This circulation
is believed to have considerable importance on climate. In addition, ratios such as 129I/137CS or 1 2 9 I / "TC

can be used to obtain " transit times" in these same water masses [6]. This is because the input value
of these ratios from the reprocessing facilities at Sellafield and La Hague have been changing very
rapidly over the past decade. The ratio 1 2 9 I / "Tc is especially interesting because like 1 2 9 I , "Tc in the
oceans is dominated by reprocessing emissions.
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Finally, there is one application which is particularly relevant to the more general theme of this
meeting, namely the transport and fate of pollutants in the ocean. A significant fraction of European
river pollutants enter the ocean via the North Sea. Because the quantity of 129I in the North Sea is
overwhelmingly dominated by the marine discharges from Sellafield and La Hague, and because the
input function from these facilities is reasonably well known, 129I can be used as a proxy for predicting
the behavior of other soluble pollutants discharged into the North Sea.

This paper will review the present status of our studies on the above subjects.

References

[1] G.M. Raisbeck, F. Yiou, Z.Q. Zhou, L.R. Kilius et P.J. Kershaw - "Marine discharges of 129I by the
nuclear reprocessing facilities of La Hague and Sellafield" - Radioprotection 32, C2, 91-96, 1997.

[2] F. Yiou, G.M. Raisbeck, Z.Q. Zhou et L.R. Kilius - "129I in the Mediterranean Sea" - Radioprotection
32, C2. 105-108, 1997.

[3] G.M.Raisbeck, F.Yiou, Z.Q. Zhou, L.R.Kilius, and H. Dahlgaard "Anthropogenic 129I in the Kara
Sea", Proceedings of the International Conference on Environmental radioactivity in the Arctic and
Antarctic, Kirkenes, Norway, P.Strand and E.Holmes (eds) 1993, pp125-128.

[4] F. Yiou, G.M. Raisbeck, Z.Q. Zhou and L.R. Kilius, "1291 from Nuclear Reprocessisng as an
Oceanographic Tracer" - Nucl. Instr. and Meth., B92, 436, 1994

[5] G. Raisbeck, F. Yiou, Z.Q. Zhou et L. Kilius, "129I from nuclear fuel reprocessing facilities at Sellafied
(UK) and La Hague (France); Potential as an oceanographic tracer"- Journal of Marine Systems 6,
561-570, 1995.

[6] G.M. Raisbeck, F. Yiou, Z.Q. Zhou and L.R. Kilius, " 1 2 9 I as a tracer of reprocessing discharges in
the Arctic oceans", Proceedings of the International Conference on Environmental Radioactivity in the
Arctic, Oslo, Norway, P. Strand and A. Cooke (eds), 1995, p. 109-112.

74



IAEA-SM-354/41 XA9951171

Pesticides and PCBs (polychlorinated biphenyls) in Harbour
porpoises of North Sea, Baltic Sea and Arctic waters
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In the frame work of the project "Investigations on small cetaceans as a basis for a monitoring
programme", financed by the German Federal Ministry of Science and Technology, investigations
on organochlorines in harbour porpoises (Phocoena phocoena) of North Sea, Baltic Sea and the
west coast off Greenland were carried out .

Altogether 60 porpoises of different age and sex from these regions were sampled (blubber) and
analysed for 51 individual chlorinated biphenyls (CBs) and CB groups, 6 chlorinated pesticides
(HCB, a-HCH, y-HCH, p,p'-DDT and the metabolites p,p'-DDE and p,p'-DDD). Chemical data
(on a lipid weight basis) were obtained using single and multidimensional GC-ECD after extracting
samples with n-hexane, clean-up with alumina and HPLC.

The sum CB concentrations (pmol/g lipid) of North Sea and Baltic Sea subadult specimens are
comparable (48000 and 42000 respectively) whereas that of Greenland specimens is 10 times lower
(3800). The median concentrations (pmol/g lipid) of HCB-, DDE-, DDD- and y-HCH in porpoises
are in the order of greenland < North Sea < Baltic Sea. The highest concentrations of a-HCH ie.151
pmol/g lipid is recorded in Greenland animals. DDT is measured only in these specimens.

The concentration ratio between DDE and sum DDT (DDE+DDD+DDT) is a good indicator of
environmental weathering of these compounds. Higher values indicate old input and lower values
the fresh input of these compounds to the environment. High values of 0.79 and 0.75 are recorded
for North Sea and Baltic Sea populations whereas the lowest value is measured in the Greenland
population. Similar observation was made in Beluga whales between Canadian Arctic and
StLawrence estuary (Muir et al.1990).

The distribution and environmental fate of these compounds in the Arctic zone is complex and
depends on the ocean circulation, atmospheric transport, solubility properties and the local food
web. It is proposed that long range transport of these compounds are possible through global
distillation and ocean currents. For example, the occurrence of higest concentration of more water
soluble a-HCH suggests global distillation. At the same time low DDE/sum DDT ratio indicate a
fresh input of pesticides to these regions, possibly from Russian Arctic.

The composition of CBs in these regions are interesting as well. For example, the mol% values of
tetra- and penta-Cl biphenyls such as CB-52,44,66/95,91,97 and 90/101 are higher in Greenland
specimens (sum: 17.4 mol%) than North Sea (sum:7.2) and Baltic Sea (sum:8.5). Some what higher
values were recorded in Beluga (sum: ca.23, Muir et al. 1990) and Narwal (sum: ca. 25, Muir et al.
1992) from the Canadian Arctic. Global distillation could be one possibility. Studies in PCB
compositions in solution and suspension in these regions from our laboratory (Schulz-Bull et al.
1998) suggest that particulate scavenging during ocean circulation could deplete the higher
chlorinated CBs in the Arctic region, as well.

Factor analysis of these results yielded biplots suggessting distinct differences in the CB
composition of these three populations. Thus environmental contaminants could possibly help
genetic studies on population structure of harbour porpoises in these regions. Morphometric
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analysis, enzyme studies and mitochondrial DNA sequencing studies suggest that the Baltic Sea and
North Sea specimens are separate populations. Our study supports this view.
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HISTORY OF DISCHARGES AND IMPACTS
FROM LA HAGUE REPROCESSING PLANT
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FRANCE

Industrial reprocessing at La Hague was started in 1966. During 30 years the annual rate of
production gradually increased, up to more than 1,600 tons. Simultaneously, considerable
innovative desgin and technology was introduced at all steps of the process, including effluent
treatment and waste management. The characteristics of reprocessed fuel elements also changed,
from low burn-up metallic fuel to high burn-up oxides.

Reflecting all those evolutions, the plant discharges to the atmosphere and to the sea have shown
significant variations in quantity and in composition.

The complete history of liquid and gaseous releases displays a broad spectrum of situations, as to
the relative weight of each radionuclide.

However, the level of discharge has always remained significantly lower than the authorized limits,
whatever radionuclide. Moreover, discharges to the sea have continuously decreased for 10 years,
in spite of fast rising rate of production.

As to the total radiological impact of discharges, it was permanently maintained well within the
acceptable level for the reference groups of neighbouring population, as decided for the level of
authorizations.

Since 1988, several actions have been decided in order to minimize the present and future impacts :
improved liquid effluent treatment, extended recycling of liquid effluents towards vitrification,
supplementary filtration of gaseous effluents for iodine scavenging.

As a result, the plant will be able to maintain the overall impact from all discharges at less than the
present acceptable level, in spirte of projected wider domain of operations :

- modified grades of reprocessed fuel,
- decommissioning operations,
- treatment of older waste stocks.

For the first time, in an international conference,the complete History of discharges and impacts
from La Hague reprocessing plant will be given to the specialists and the public.
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CONTINUING CONTAMINATION OF NORTH ATLANTIC AND ARCTIC
WATERS BY SELLAFIELD RADIONUCLIDES.

P. J. KERSHAW, D. MCCUBBIN, K. S. LEONARD.

The Centre for Environment, Fisheries and Aquaculture Science (CEFAS),
Lowestoft Laboraory, Lowestoft, NR33 OHT, UK

The transfer of artificial radionuclides to the Arctic, from European reprocessing
facilities, has been well established [1]. The continuing utility of the Sellafield and
La Hague (N. France) discharges as ocean tracers has been questioned following
the substantial overall decrease in the total quantities of radionuclides discharged.
Despite this trend, the influence of Sellafield on the distribution of plutonium was
still clear in 1994. Observed 238Pu/239l240Pu ratios in the Norwegian Coastal
Current (NCC) and Barents Sea reflect the mixing of Irish Sea water (ratio ~ 0.20,
Sellafield) with Atlantic water (ratio ~ 0.03,.global fallout) and the Baltic Sea
outflow.
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There have been exceptions to the declining trend in radionuclide releases,
however. Discharges of 99Tc from Sellafield increased ten-fold in 1994, and have
remained high. The observed concentrations of 99Tc in UK coastal waters in 1994
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and 1995 were correspondingly higher than in 1983 [2]. Dahlgaard et al. [3]
estimated that seawater with a nominal 137Cs concentration of 1000 Bq m"3 in the
North Channel - the northerly exit of the Irish Sea - would be diluted to about 50
Bq m'3 once it had been transported to the NCC , a distance of about 2000 km.
Using 137Cs-based dilution factors [3] the measured 99Tc concentration of 50 Bq
m'3 in the North Channel, in 1995, would have been diluted to about 0.25 Bq m'3

on entering the NCC. This predicted concentration contrasts with the Atlantic
background signal of about 0.03 Bq m"3 and is more than a factor of 2 higher than
levels measured in the NCC in 1994. This should be sufficient to differentiate the
plume, by both seawater and shoreline Fucus sp. sampling. Consistent, Cs-based,
transport time estimates [1] give an expected plume arrival time off western
Norway of 1998, and in the Barents Sea of 1999/2000. However, elevated
concentrations were detected in the North Sea in December 1994, giving an
apparent transit time of 9 months, which is over 12 months faster than previously
estimated. On this basis the plume would have arrived off the Norwegian coast in
1996/97. This awaits confirmation by analysis of archived material. The
difference in transit times may reflect actual variabilty in hydrographic conditions
in UK coastal waters , or be a consquence of the nature of the source term: 137Cs
consisting of a broad peak extending over several years; and, 99Tc consisting of a
sudden 'step' increase. The passage of the 99Tc plume through the Arctic Ocean
represents an excellent opportunity to utilise radiotracers in the study of Arctic
hydrography, at a time of renewed interest in relation to climate change and the
transport of pollutants.
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HISTORICAL LEVELS OF "TC IN THE IRISH SEA
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The large increases in discharges of "Tc from the British Nuclear Fuels reprocessing
plant at Sellafield, Cumbria, UK since 1994 have resulted in a renewed interest in the
behaviour of this radionuclide in the marine environment. Annual discharges of "Tc from
Sellafield have been reported since 1978 and are presented in Fig. 1. Previous discharges
are thought to have been far lower than the 1978 level of 180 TBq but, in general,
information on discharge rates and environmental levels of "Tc prior to this date is rather
scarce. The aim of this study, therefore, is to improve our knowledge of the environmental
levels of "Tc in the Irish Sea during the 1970s.

Year

FIG. 1. "Tc discharges to the Irish Sea from Sellafield, 1978-1996.

The analyses of sediment cores from suitable intertidal areas have been used
previously to estimate the historical levels of radionuclides in the environment. In the
present study, a i m core collected in 1986 from a saltmarsh in the Solway Firth (Fig. 2)
was used. The core had previously been studied by MacKenzie et al. [1] and analysed for
137Cs, 239«24OPu, 241Am and 210Pb. From this work it was known that the core had experienced
rapid accumulation of sediment (estimated to have been 6.5 cm yr"1) and importantly to have
experienced very little post-depositional mixing, thus fulfilling the necessary criteria for this
study.

FIG. 2. Study area.
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50 g sediment samples were taken for analysis. Samples were spiked with 95mTc,
wetted with ammonia and ashed at 700°C for 6 hours. The ashed samples were leached with
8M HNO3 and ruthenium in the filtrate removed by a combination of selective precipitation
and ion extraction chromatography. The "Tc content of the final samples were determined
by inductively coupled plasma mass spectrometry and the results are presented in Fig. 3.

99 -1
Tc specific activity (Bq kg dry)

10 15 20

1986

E
,0,

i.
2

80 -

100

FIG. 3. "Tc concentration profile for
Solway Firth saltmarsh sediment sections.

"Tc specific activities ranged
from 1.6 to 19.3 Bq kg"1 dry. The
maximum concentration was observed at
a depth of 30-35 cm which, according to
the dating system applied by MacKenzie
et al.[\], corresponds to around 1981.
Recent studies indicate that the mean
transit time of "Tc from the outfall to
the North channel is of the order of 6
months. If the major transport process
for "Tc to these intertidal sediments was
in solution, it would be expected that the
peak discharges of 1978 would have
appeared in the sediment no later than
1979. The results presented in Fig. 3
suggest that for "Tc, as for the other
artificial radionuclides studied in this
core, transport to the Solway Firth
dominantly involves on-shore movement
of contaminated marine sediment. This is
further supported by the relatively small
decrease in "Tc levels in the sediment in
the subsequent period up to 1986 (19.3
to 2-9 Bq kg'Mry) compared with the
very large reduction in discharges (180
to 4-6 TBq) over the same period.

The "Tc levels in the sediment core during the period 1971-1980 are generally much
lower than the peak level corresponding with the 1978 releases. These levels, however, are
likely to reflect those in the surface sediment of the Irish Sea and are not a direct measure
of the actual discharges. Nevertheless, the presence of the secondary peak of 15.3 Bq kg"1

dry at 70-75 cm, corresponding to 1975, suggests that it is likely that discharges similar in
magnitude to the 1978 levels have occurred previously.
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THE RADIOLOGICAL EXPOSURE OF MAN FROM RADIOACTIVITY IN THE
BALTIC SEA

SVEN P. NIELSEN
Risa National Laboratory, Roskilde, Denmark

The European Commission initiated in 1996 the Marina Bait Project to ex-
amine the overall impact on the population of the Community Member States from
natural and man-made radionuclides in the Baltic Sea. The results of the project were
reported at the Marina Bait Seminar in Stockholm, June 1998. The project group has
included participants from all countries bordering the Baltic Sea and the Netherlands.

The work has covered the following items
• information on disposal of radioactive wastes into the Baltic Sea,
• collection of data on environmental radioactivity in marine waters, sedi-

ments and biota,
• collection of data on quantities, distribution and utilisation of marine

products,
• calculation of doses to man from nuclear discharges, weapons test fallout,

Chernobyl fallout and natural radioactivity.
A preliminary assessment of the radiological consequences of releases of radio-

activity into the Baltic Sea was carried out based on model calculations. The model in-
cludes the dispersion of radionuclides in the marine environment, the transfer of radio-
nuclides to biota, and the calculation of doses to individuals and populations exposed to
radionuclides in seafood. The dispersion model is based on box-model analysis and in-
cludes 12 water and 12 sediment boxes for the Baltic Sea area. The physical processes
covered by the model are net advection and mixing of water between adjacent boxes,
sedimentation of paniculate material from the water column to the top sediment, and
biological mixing of the top sediment. The model is intended for the prediction of an-
nual average concentrations of radionuclides in the marine environment.

The quality of the model predictions was investigated by comparing predicted
levels of Cs-137 and Sr-90 in water, top sediment and biota with observed levels. The
observed data originate partly from the HELCOM database and partly from published
material and cover the time period from 1960 to 1992. The sources of radioactivity into
the Baltic region that have been considered are fallout from atmospheric nuclear weap-
ons testing, fallout from the Chernobyl accident in 1986, discharges of radionuclides
from the two European reprocessing plants (Sellafield and La Hague) transported into
the Baltic Sea, and discharges of radionuclides from nuclear installations located in the
Baltic Sea area.

The inventories of Cs-137 and Sr-90 in the Baltic Sea in 1994 have been esti-
mated at 3200 TBq and 370 TBq, respectively. For both radionuclides most of the ac-
tivity is in the water while the rest is in the bottom sediments. For Cs-137 the inventory
is due mainly to fallout from the Chernobyl accident, while the rest originates from nu-
clear weapons fallout, discharges from European reprocessing plants and discharges
from nuclear facilities located in the Baltic Sea area. For Sr-90 the main source of con-
tamination is fallout from nuclear weapons testing, while the rest is due to fallout from
the Chernobyl accident, discharges from the European reprocessing plants and dis-
charges from nuclear facilities located in the Baltic Sea area.
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Collective dose rates and doses to members of the public were calculated based
on fishery statistics and predicted concentrations of Cs-137 and Sr-90 in biota. The col-
lective dose rate peaks in 1986 at a level of 160 manSv y'1 due to fallout from the Cher-
nobyl accident. The total collective dose from Cs-137 and Sr-90 in the Baltic Sea is es-
timated at 2300 manSv of which about 60% originates from Chernobyl fallout, about
30% from fallout from nuclear weapons testing, about 10% from European reprocessing
facilities, and less than 1% from nuclear installations bordering the Baltic Sea area.

Doses from naturally-occurring radioactivity in seafood (polonium-210) have
been calculated on a similar basis and compared with the doses from Cs-137 and Sr-
90. The results of this comparison are shown in the Tables 1 and 2, which summarise
the calculated doses. It is noted that dose rates and doses from natural radioactivity
dominate except for the year 1986 where the collective dose rate from Chernobyl
fallout approached that from natural radioactivity.

Table 1. Summary of maximum collective dose rates from Cs-137, Sr-90 and Po-210 to
the population around the Baltic Sea.

Sources

Chernobyl fallout

Nuclear weapons fallout

European reprocessing plants

Baltic nuclear installations

Natural radioactivity (Po-210)

Collective dose rate
peak (year)
(manSv y'1)

160(1986)

42(1966)

12(1982)

0.06(1991)

200

Table 2. Collective exposure of the population around the Baltic Sea for the period from
1950 to 2050 from Cs-137, Sr-90 and Po-210 in Baltic seawater.

Sources

Chernobyl fallout

Nuclear weapons fallout

European reprocessing plants

Baltic nuclear installations

Natural radioactivity (Po-210)

Collective dose to year 2050 (manSv)

1400

700

200

0.6

20 000
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RADIONUCLIDE CONCENTRATIONS IN SEA WATER COLLECTED 1996 AT
THE NORTH-EAST ATLANTIC SITE FOR THE DISPOSAL OF LOW-LEVEL

RADIOACTIVE WASTE

G. KANISCH, H.-J. KELLERMANN, M. VOBACH, A. KRUGER
Federal Research Centre for Fishery, Institute for Fisheries Ecology, Hamburg, Germany
P. P. POVINEC, L. HUYNH NGOC, J. GASTAUD, J.J. LA ROSA
International Atomic Energy Agency, Marine Environment Laboratory, MC-98012 Monaco
J. HERRMANN
Federal Maritime and Hydrographic Agency, Hamburg, Germany
G.M. RAISBECK, F. YIOU
Centre de Spectrometrie Nucleaire et de Spectrometrie de Masse (IN2P3-CNRS), Orsay
Campus, France

Until 1982 the NEA dumping site north-west of Spain in the North-East Atlantic was used
for the disposal of low-level radioactive waste. In 1981 the Coordinated Research and Environmental
Surveillance Programme (CRESP) was established [1]. According to this programme the radioactivity
in the deep sea was studied by several groups.

The Institute for Fisheries Ecology of the Federal Research Centre for Fishery (BFAFi)
investigated radionuclides in samples of deep sea biota, water and sediments collected during cruises
with the RV ,,Walther Herwig" until 1993 in this site [2]. In August/ September 1996 again large-
volume samples of (mainly deep) water were collected from the dumping site for the analysis of
I37cs and plutonium isotopes. A part of these samples was analysed by the Federal Maritime and
Hydrographic Agency (BSH) for 90sr. The Centre de Spectrometrie Nucleaire et de Spectrometrie de
Masse (CNRS) obtained 5 1 subsamples for the determination of the very long-lived radionuclide
129i. The Marine Environment Laboratory of the IAEA (IAEA/MEL) participated in this cruise and
collected large-volume water samples of a vertical profile from the surface down to a depth of about
4700 m. The intention was to determine the concentrations of l37Cs, 90sr, 238pUj 239,240pu a nd
241 Am, but also those of the long-lived radionuclides ^9jc and 9

The sites used for sampling were the following:
Site:
Bl
B2
B3

comparison site B-0

46
45
46
46

position
°05'N
°55'N
°05'N
°00'N

17°
17°
16°
13°

10'
10'
40'
00'

W
W
W
W

At the site Bl two water samples, one from the surface and one from a depth of about 50 m
above the ground, were partitioned between BFAFi, BSH and IAEA/MEL to allow for a direct
comparison of the analysis methods for l37Cs, 90sr) an (j plutonium isotopes. For the sample from
about 50 m above ground a good agreement was found between the three laboratories for ! 3 7 Cs and
90Sr. However, for the surface sample the agreement was less good, especially for l3 7Cs.

The concentrations of 137Cs in 450 litre samples collected at different depths (about 50, 100
and 150 m above ground, for each of the sites Bl, B2 and B3) were lower than 0.1 Bq nr 3 , close to or
below the detection limit of about 0.05 Bq nr 3 , except for Bl/50 m (1.4 Bq nr 3 ) and B2/100 m (2.1
Bq rrr3). The concentration values of 9°Sr were quite similar to those of 137Cs, all values were
detected well above the detection limit. A significant difference to the corresponding values of the
comparison site B-0 (50 m) was not found.

Concentrations of 1 3 7 Cs and 90Sr in the vertical profile showed an approximately parallel
distribution with the depth. ' 3 7 Cs and 90sr concentrations were 1.5 - 2.0 and 0.6 - 1.1 Bq nr 3 ,
respectively. Below 1500 m depth, 1 3 7Cs decreased only silghtly down to 4000 m; at appr. 4700 m
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both radionuclide concentrations increased slightly. The 90sr/137cs r a t j 0 w a s between 0.36 and 0.71.
239,240pu concentrations were between 1 and 3 mBq m"3 with a maximum at 1300 m.

Preliminary measurements of ^ 9 j m the water samples resulted in very low concentrations
without showing an apparent difference between the sites Bl, B2 and B3 and the comparison site B-
O. In the samples from 50 m above ground from all 4 sites the values for \29y\27\ ranged from 1.1
to 1.6 IU (,,iodine unit": 1 IU=129J/127J=IO-1O) Corresponding values for the other two sampling
depths were mostly below the detection limit of 0.4 IU. The atom ratios 129j/137cs an<j 129i/90gr

are expected to be a very sensitive method for distinguishing between different possible origins for
these isotopes in the ocean [3].

The results of the analyses of plutonium isotopes in bottom waters are shown in Figure 1.
Obviously, there is a difference between the three layers being consistent among the sites Bl, B2 and
B3. The highest concentrations of 239,240pu higher values were found in the 50 m layer. These
values are comparable to those which were measured in earlier years. In the years up to 1993 the ratio
238pu/239,240pu j n near-bottom samples (only samples down to 10 m above ground were analysed)
was found in the range of about 0.07 to 0.15. In 1996, however, the ratios found for the layer 50 m
above ground were much lower, they were comparable to a ratio of about 0.036 typical for global
fallout in that region.

At present, it is neither understood why the ratios 238pu/239,240pu changed in 1996 closer
to fallout values nor why the values of the 239,240pu concentrations and the ratios of the 150 m layer
are lying between those of the other two layers.

1
10-

V"
l « -

7-

6- J

BO B1
Sampling

•i—.

B2
sites

^ 50 m

- J 150 m

-- i 100 m

B3

0.08-|

0.06-

0.04-|

0.02-

0.00

50 m

B - 0 B1 B2 B3
Sampling sites

Fig. I: Concentrations of 239,240pu (|eft side) and the ratio 238pu/239,240pu (right side) in sea
water (1996) for different heights above ground (error bars: overall I sigma standard uncertainties )
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The influence of Radionuclide Speciation on Distribution Coefficients

and Concentration Factors (CF).

Brit Salbu, Peer Berretzen, Deborah H. Oughton,
Morten Sickel and Lindis Skipperud

Laboratory for Analytical Chemistry, Agricultural University of Norway
P.O. Box 5026, N-1432Aas, Norway

For models assessing short and long term consequences of radionuclides released to the marine
environment, the key parameters contributing to large uncertainties are source term
characteristics, distribution coefficients (K<i) and concentration factors (CF). In addition to activity
concentrations and activity ratios, the source term characteristics should include information on
radionuclide speciation and the influence on mobility and biological uptake.

Source term characteristics will depend on the particular source in question, release condition and
course of event. Following high temperature accidental scenarios (e.g. Chernobyl accident)
radionuclides may to a certain extent be associated with fuel particles, while low molecular mass
(LMM) species are most often released during low temperature normal operations (e.g. effluents).

Radionuclides associated with particles may settle close to the site. Due to weathering of particles
retained in sediments, however, radionuclides may be mobilised with time and released to the
water phase. LMM species and colloids are transported within the water mass. Due to sediment
surface interactions, positively charged species may be retained, while the retention is insignificant
for neutral or negatively charged species. Thus, for a given sediment the apparent distribution
coefficient (Kd, Bq/kg sediment per Bq/m3 water) will depend on the physico-chemical forms of
radionuclides, on interaction mechanisms and kinetics. Hence the distribution of species between
sediments and sea water should be described as a time dependant function rather than a constant
for which equilibrium is assumed.

Bioavailibility of radionuclides depends on the radionuclide speciation as well as on the biological
exposed organisms, uptake mechanisms and target organ. For filtering organisms particles and
colloids are efficiently retained, while LMM species are of less relevance. For fish, however,
where the uptake depends on transfer across membranes, LMM species are of major importance.
Thus, for a given organism, the CF should vary according to the distribution of radionuclide
species in the exposure.

The present paper will focus on speciation in relation to source terms, Kd's and CF's and results
from research work performed at the author's laboratory during several years will be used for
illustration.
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CHANGES IN MERCURY SPECIATION AND THE RELEASE OF METHYL
MERCURY AS A RESULT OF MARINE SEDIMENT DREDGING
ACTIVITIES

N. S BLOOM
Frontier Geosciences Inc., 414 Pontius N, Suite B, Seattle, WA
98109, USA

B. K. LASORSA
Battelle Northwest Marine Sciences Laboratory, 1539 W. Sequim
Bay Rd., Sequim, WA 98382, USA

Huge quantities of Hg contaminated sediments are dredged
annually from harbors around the world to maintain shipping
channels, facilitate construction, or remediate polluted sites. Our
studies of sediment and pore water Hg speciation indicate that the
upper 10 cm of marine sediments are dynamic regions of Hg
methylation and diagenesis [1]. Often in contaminated harbors,
high levels of total mercury (THg) are found at depths of 10-50
cm, which is below the region of active methylation. When
sediments are dredged, the contaminated, deep sediments are
mixed with the biologically active surface sediments, and the
whole system is infused with fresh sulfate and organic carbon
from the overlying water. After settling, the dredge spoils dump
site can thus become the perfect incubator for the production
and release of unacceptably high levels of methyl mercury
(MHg) to the overlying water column. MHg is essentially 100%
bioavailable, and only slowly eliminated from biota once
accumulated, so that the potential effect on the total mass of MHg
cycling in biota may be protracted.

During the course of large scale dredging of a moderately
Hg contaminated marine harbor, the production and release of
high concentrations of MHg were observed in the dredge spoils
dewatering lagoon. Over the course of the dewatering, the lagoon
had become intensely biologically active, containing an
extensive phytoplankton bloom, and the obvious production of
hydrogen sulfide. From sediments containing approximately 0.5-5
|ig/g THg, decant water was observed to contain 50-100 ng/L MHg
(2000 times the ambient water column concentration). Much of
the MHg present was contained in the phytoplankton, which
served as the basis of a thriving food web located in the vicinity
of the decant water discharge point to the bay.

To investigate the causes and mitigating factors on the
production and release of MHg during dredging activities, a
series of laboratory and mesocosm experiments were initiated to
run through the spring-summer of 1998. Experiments were
conducted both to investigate the release of THg and MHg as an
immediate result of sediment resuspension, and as a later result of
microbially mediated resolubilization following the settling of
dredged materials. Immediately upon resuspension of marine
sediments in clean seawater, MHg was released to the dissolved
phase at concentrations which are up to 10 times greater than
would be predicted by the release of entrapped pore water alone.
Using a water to sediment ratio of 1000, dissolved MHg
concentrations were increased from 0.025 ng/L to 0.25 ng/L MHg,
although the sediments contained only 0.7 jig/g THg and 5 ng/g
MHg. Little non-MHg was released upon resuspension of
sediments. In the 24 hour period following resuspension, >90% of
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the released MHg was then re-adsorbed to the solid phase,
following an exponential decay curve.

The distribution coefficient (unitless Kd = [M]sedimen,/Mw,ler)
for MHg was observed to be approximately 1-2 orders of
magnitude higher in oxic systems (log Kd = 1.5-2.5) than anoxic
ones (log Kd = 3-4), and dissolved MHg concentrations were seen
to track dissolved Fe concentrations. We speculate that dissolved
MHg at the sediment water interface is controlled by iron oxide
solubilization and precipitation. Thus, initially upon dredging,
MHg is released as anoxic sediments are mixed with overlying
waters, but this MHg is rapidly scavenged to particles as the
dissolved Fe(II) is oxidized to Fe(III), which precipitates out. No
similar patterns was observed for inorganic Hg(II), with all
samples, regardless of redox condition showing log Kds of
approximately 5.5 ± 0.5.

Mesocosm experiments were begun in the late winter, with
measurements ongoing. The mesocosms contain 10 Kg of Hg
contaminated sediments, which are resuspended with natural
seawater at a ratio of 1:10. Over time, the Hg speciation and other
redox indicators (Fe, Mn, As speciation) in the overlying water
column are being monitored. At the time of this writing (t = 3
weeks), the mesocosms have remained oxic. After an initial pulse
of dissolved THg (1.00 ng/L) and MHg (0.112 ng/L) upon mixing
with the seawater (initial dissolved THg = 0.28 ng/L; MHg = 0.004
ng/L), no perceptible releases of either species have been
observed since. The water concentrations from the mesocosms
are monitored daily, with diurnal sampling on a weekly basis, to
look for light-mediated changes in sediment-surface redox
potential which can modulate MHg releases [2]. We anticipate that
as the weather warms up in the summer, an active microbial
community will form in the mesocosms, mimicking the effect
seen in the field, and that this will result in dramatic increases in
MHg release, stimulated by the combination of new MHg
production and reduction in the redox potential at the sediment-
water interface.
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CADMIUM, LEAD AND ORGANIC MATTER DISTRIBUTION IN SEDIMENT FROM
ADRIATIC SEA
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Human activities (industry, agriculture, traffic, etc.) influence the marine system and in combination
with mineralogicaL, morphological and hydrologjcal characteristic of the sediment affect the chemical
behaviour and distribution patterns of trace metals and organic matter in sediments.
Trace metals and organic matter were studied in sediments of the ecologically, economically and
scientifically important coastal area of Adriatic Sea (Figure 1). Sediment samples of 5 cm long from
11 stations were sliced horizontally into 1 cm long section and analysed separately using AAS (Ujevic
et al., 1998).
A study of the distribution patterns of Cd, Pb and organic matter revealed that in the marine sediment
there are two zones with different metals levels and organic matter content.
Figs. 2, 3 and 4 are graphs showing the distribution of Cd, Pb and organic matter. Cadmium and Pb
concentrations are higher in sediment samples from south Adriatic sea, particularly from stations
exposed anthropogenic influence (7, 8, 9 and 10). Calculated standard deviation for these stations is
much higher than for the northern Adriatic and station 9 located outside of anthropogenic influence.
The high standard deviation value may indicate recent contamination of surface sediment. The lowest
concentration that was found for sediment sample from station 9 is consider as natural concentration.
The distribution pattern of Cd, Pb differs from these for organic matter. While the Cd and Pb
concentrations were much higher in the southern coastal part, particularly nearby industrial zone
(station 7, 8, 9 and 10) than in the northern part, the organic matter content is the highest in the
northern part.
The high organic matter content may be explained by the high input of organic suspended material
from rivers (station 2, 7, 10) and urban waste outlets (stations 1, 6, 8, 11), different granulometric
composition, mud sediment contain more organic matter due to large specific surface area : station 1,
2, 3, 7, 8, 10, (Ujevic et aL, 1998 and JuraSic et al., 1987.). The lowest content of organic matter
was observed for station 5 and 9, located a far away from rivers and pollution sources. The sediment
composition at these three stations are coarse grained, while for other stations are fine grained.

Fig. 1. Adriatic sea with sampling stations
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station

Fig. 2. Cadmium mean cone, in
sediments layers.

five

station

Fig. 3. Lead mean cone, in five
sediment layers.

Fig. 4. Mean value of organic matter content
in five sediment layers.
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Survey of metal levels in common fish species from Greek waters

CATSIKI Vassiliki-Angelique & STROGYLOUDI Evangelia
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For MED.POL purposes the concentration of metals was monitored in two common fish

species, the demersal MuJJus barbatus (striped mullet) and the pelagic Boops boops (bogue). The

samples were collected once a year (May - June), during the period 1987-1996 from a network of 6

sampling stations covering the main marine areas of Aegean and Ionian Seas : station 1 was located in

North Aegean (Alexandroupolis), station 2 in the Central Aegean Sea (Hios isl.), stations 3 and 4 in

South East (Rhodos isl.) and South West Aegean (Hania -Creta) respectively. The Ionian Sea was

represented by station 5 (Parga), while an additional station was located in Aigina island (station 6) in

order to monitor the Saronikos gulf.

During each sampling occasion about 10 specimens were collected and 10 individual samples of

each tissue were prepared for each fish species. There was an effort to keep the size of the fish samples

stable between 15 and 17 cm.

On the total 3.100 samples of fish flesh and gills were analysed for the metals Cu, Cr, Ni, Zn,

Fe, Mn and Cd by atomic absorption spectroscopy. The accuracy and precision of the analytical

methodology was tested with the reference material of BCR No 279 (Ulva lactuca).

The plethora of results of the above chemical analyses provided information on the spatial metal

distribution in Greek waters and their temporal evolution. On the other hand they complete the

knowledge of metal bioaccumulation by fish.

Generally, the levels of metals in fish samples from Aegean and Ionian Seas were comparable

to those reported in the literature for other areas in Greece and Mediterranean.

The ratio of the metal concentrations in gills / flesh was greater than 1 in all cases (metals,

species and stations), due to differences in metabolic activity of the two tissues. Metal uptake by gills

does not involve direct and rapid transfer from the water to the blood, but rather an intermediate step

for metal transportation to the other tissues. Different habitats and feeding habits of the examined fish

species seemed to affect the accumulation of Cu, Zn, Fe and Mn.

The distribution of metals in gills of M. barbatus species collected from the different areas did

not show any common pattern with those of the pelagic ones, fact probably due to several factors as the

different ecology of demersal and pelagic fish.

Concerning the spatial distribution of metals, there was generally a low variability between

stations for most of the metals; phenomenon probably due to the stable metabolic rate of the flesh..

Although results did not give a clear image, we must mention that nevertheless station in Ionian Sea,

and partially the station of the Central Aegean seemed to present higher concentrations for most of the

metals. On the other hand it was remarkable that samples from Saronikos gulf generally presented low

metal concentrations.
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Temporal changes in the concentration of metals in flesh and gills of demersal and pelagic fish

showed in general also a low degree of variation. However for most metals during the period 1988 to

1990 metal levels appeared to be higher. The following years, depending on the metal and the studied

fish tissue, a slight decrease or increase was observed (Figure 1 presents the temporal evolution of Cu

as example).

A general observation, that is very important, can be thrown from the results is that each metal

present similar temporal pattern at all the stations. This phenomenon can probably be attributed rather

to climatic conditions during the periods previous to the fish collection, than to changes in the intensity

of pollution.

Although there is not a clear trend on metal concentration in the two studied tissues of fish, we

must mention that generally there was lower variability in flesh samples than in gills. This phenomenon

is probably due to the more constant metabolic rate of the flesh.
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Figure 1: Evolution of metal concentrations in pelagic and demersal fish, collected during the period 1989
to 1996 from Saronikos Gulf. The solid line corresponds to flesh samples and the dotted one to gills samples
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Elemental concentrations of Cu, Nl, Zn. Cr, Mn, Fa and Ca. and radioactivity levels of 210Pb and 137Cs
have been measured In nineteen sediment cores (-1m long) collected from estuarine, lagoonal. marsh,
backwater and inner shelf areas of Karnalaka and Kerala states along the southwest coast of India. The
main objectives of the study were to measure sediment and heavy metal accumulation rates with respect
to sedimentation processes causing problems for navigation, and impacts of urban and Industrial
development on sediments quality. This work Is a part of an Investigation on 'Qeochemlcal and Isotopic
Tracers for Understanding Natural and Anthropogenic Influences on the Nearehore Oceanography of the
Southwest Coast of India.'

There are presently nine large-scale (Kudremukh Iron Ore Pelletization Plant, Mangalore Chemicals and
Fertilizers, Canara Steels, Mangalore Refineries and Petrochemicals Limited, etc.). 43 medium-scale and
6167 small-scale Industries functioning near the shoreline. There are proposals to double the production
and number of Industries by 2002. Several of the planned large-scale Industries are nuclear power
reactors, coal-fired superthermal power plants and Magarjuna steel Industries.

The coastal zone of Kerala State Is Indented by a number of estuaries and connected lagoons, together
known as backwaters. This Btate has a very high population density and Industries are located around
Cochin, the second largest city along the west coast of India. Large-scale Industries operating In this area
include rock phosphate fertilizers plant, rare earth element chemicals processing plant, petroleum Industry,
alkali, chemicals and metal manufacturing Industries. Sewage and effluents discharged into the
backwaters have resulted in the build up of contaminant trace metal levels In suspended paniculate matter
(SPM) bottom sediments1 and in a significant reduction in the population of marine biota.

The study area (Flg.1) can be divided Into
Estuarine, Lagoonal, Marshes of Kamataka Coast
(ELMKC), Inner Shelf of Karnataka State (ISKS 1),
Cochin Backwaters (CBw) and Inner Shelf of Kerala
(ISKS 2). Sediments of ELMKC and CBw have
been deposited predominantly from riverine
sources. These sediments contain the low Ca
contents characteristics of river SPM In these
tropical rivers2, in contrast, a significantly higher
Ca content of inner shelf sediments off both
states, suggests the importance of additional
sediment (CaCOj) flux from the biota. Sediment
accumulation rates In ELMKC and CBw are three to
six times those In the adjacent Inner shelf areas
(Table 1) consistent with the deposition of riverine
sediments In the river-sea interaction zones. These
estuaries and connected drainage basins are
progressively becoming shallower, resulting In
frequent floods In the lower courses of the rivers
during rainy seasons and posing problems for
navigation.

Hydrogen sulphide was detected in most of
sediments and sediment colour varied from dif-

'on study leave from the Department of Marine geology, Mangalore University, Mangalagamgoihri, India.
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Table 1. Heavy metal concentrations, accumulations and enrichment factor* of sediments
from various aquatic environments of the southwest coast of India.

Parameter*
Sed. Rate*
Cu conc.b

accum.4

EF
Nl cone."

accum.d

EF
Zn cone."

accum.d

EF
Cr cone."

eccum."
EF

Mn cone."
accum.d

EF
Fe conc.c

accum.'
Ca conc.e

accum.'
EF

ELMKC
1.21+0.73

51+18
62+37
0.76

54+19
65+39
0.63

85+36
103+75

0.6
212+112
257+155

1.58
242+124
293+177

0.19
7.01+2.34
8.84+5.12
0.24+0.11
0.29+0.18

0.11

1SK8 >1
0.38+0.1

29+1
11+2.9

0.7
50+1
19+5
0.8

62+4
24+8.2

0.71
125+22
48+13

1.51
447*194
170+46

0.57
4.33+0.17
1.65+043

4.61 +
1.75+
3.13

CBw
2.77+1.33

91+33
252+121

0.99
67+3

186+51
0.67

1496+314
4144+1125

10.7
172+8

476+229
1,3

472+205
1307+628

0.38
6.9+0.3
19+9.18

0.57+0.37
1.58+0.76

0.24

ISKS -2
0.46+0.24

22+2
10+5
0.45
43+3
20+10
0.57
65+5
30+16
0.63

155+7
71+37

1.6
186+10
86+45

0.2
5.07+0.36
2.33+1.22
4.68+0.81
2.15+1.12

2.71

RSPM1

-
71
-

1.14
173
•

164
90

-
-

724
-

0.62
6.5
-

0.26

0.12

GSPMJ

-
100

•

-

90

250

-

100
-
-

1050

4.8

2.15
•

-

Cont Rocks3

32
•

-

49
-

127
-

71
-
•

720
*
-

3.59

4,5

-

Shale4

45
•
-

68

95
-

90
-
•

850

-

4.7
*

1.6

"(gem'/yr), b(ppm), c(%), d(Xl0"6gcm I /yr)»nd '(X10"3gcmVyr).

-ferent shades of gray to dark green. These are lower concentration! and enrichment factors (EFi;
melal /Fe,.^/ motal/Fe^J of redox sensitive elements, such as Mn, due to the prevalence of a reducing
sedimentary environment (Tablei). For a preliminary pollution assessment, elemental concentrations are
compared with the corresponding values for SPM of rivers from the area of study (R SPM2), world major
rivers (G SPM3), and other global averages (continental rocks3 and shales4). Measured Cu, Nl and Zn
concentrations are generally lower, perhaps Inferring the 'pristine' nature of sediments. However, higher
concentrations of Cr at all stations and Zn at Cochin Backwaters Indicate some potential contamination
problems. Heavy metal accumulations are quite high in estuarine, lagoonal, marsh and backwater areas
along the coast. This Is not only due to the proximity to sources but also due to high sediment
accumulation rates owing to particle aggregation processes like flocculetlon, agglutination, biological
uptake, and fecal pallatization. The reduction of river flow due to river-see Interactions Is the probable
reason for high sedimentation rates In estuarine, lagoonal. marsh and backwater areas. Additional
anthropogenic indicators (Ag, As, Cd, Pb, Sb, Se, Sn, etc) and rare earths together with Al, LI and carbon
are being measured In the same set of samples to better define heavy metal pollution along the southwest
coast off India.
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The Speciation of Heavy Metals in Wastewater Sewers and the Subsequent Effect of
Suljlde Generation
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This study reports on the behavior of heavy metals in municipal wastcwatcr as it is
transported through sewers to the treatment plant or to disposal and discusses the
physico-chemical processes operating to change the form of the metal as the waste
experiences a range of conditions during flow.

In many developing countries municipal wastewater is transported long distances and
disposed of with minimal or no treatment, presenting an health risk with respect to
pathogens and heavy metals, This is the case in Kingston Jamaica where approximately
20 million gallons per day of sewage is discharged to the Kingston Harbour. This has
resulted in the harbour experiencing eutxophic conditions with the accumulation of heavy
metals and other persistent compounds in the benthos. The possibility of obtaining some
degree of self purification with respect to biodegradable material has been demonstrated
however, there is limited knowledge on the extent to which heavy metals present in the
wastes stream can be altered in a beneficial way during transport.

The toxicity and bioavailability of heavy metals depends on their speciation and not on
the total concentration in the waste stream. Removal of metal ions from the soluble
phase should be effective in preventing toxicity to organisms responsible for waste
stabilization and reduce the health risk associated with wastewater reuse. The role that
sulfides can play in such a scheme of detoxification is illustrated by the low solubility of
metal sulfides.

Given sulfide generation in sewers, metal sulfides can be precipitated. However metals
in wastewater may be present in forms which are not susceptible to sulfide precipitation
and the formation of soluble metal chelattes influences metal sulfide precipitation. With
changes in the condition of the sewer, it is likely that previously precipitated metal
sulfides can become available again.

A series of batch experiments were set up to examine the influence of pH, anaerobic/
aerobic conditions, particulate material, and an organic complexing agent on metal
sulfide precipitation, and to determine to what extent, metal sulfides that had previously
precipitated, can be re-solubilized given changes as can be expected in a sewer.

The results show, that under anaerobic conditions heavy metals can be precipitated and
rendered potentially less toxic in the presence of sulfides, and metal sulfide precipitation
could serve as a control procedure for the detoxification of metals from wastcwater

Given aeration however and the presence of complexing agents, the results show that
metal sulfides can be re-solubilizcd and become available again.

The development of speciation techniques directly applicable to the wastewater matux is
necessary for a better appreciation of the processes involved in metal speciation.
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This paper seeks to addiess the question of the speciation of heavy metals in wastewater
specifically in terms of the interaction of heavy metals and sulfides as wastewater flows
through the sewers of the city. The objectives of the study are to experimentally study the
form and speciation of two heavy metals, cadmium and lead, to examine the distribution
of the metals over the wastewater stream and to investigate the influence of sulfides on
the solubility of these heavy metals in the waste stream.
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Sediment deposition rate during the past century was assessed by measuring the activity of
excess 2l0Pb in four sediment cores sampled in the Papeete lagoon (Tahiti, French Polynesia). The
growth of Papeete and Papeete harbour has been boosted during the early sixties when the French
Government decided to develop nuclear testing facilities in the atolls of Mururoa and Fangataufa.
Since this period, there have been extensive human induced changes that where of great significance
for the whole lagoon ecosystem. Artificial modifications of the harbour and the coastline strongly
modified water exchanges between the open ocean and the small lagoon, the main feature being a 2
km long sea wall built on the barrier reef between 1964 and 1966 which is now blocking inputs of
ocean water over the reef. This paper focus on one core, sampled in the harbour area.

In this particular site, geochronology results showed a dramatic increase in sedimentation rate
(fig. I), beginning in 1967 ± 4 y [I], Before this date, the accumulation rate was 0.33 g.cm"2.an'. After
1967, mean accumulation rate increased to 1,33 g.cm'2.an''. From the 2l0Pb profile it is possible to
infer that the bioturbation layer, which corresponds to the surface layer with homogeneous 210Pb
activities, is limited to the top 8 cm depth.

Excess 2 l oPb(mBq.g l)

1 10 100

a
o

a
Q

0 - i

20 -

40 -

60 -

80 - 1

-2\Fig. 1 : Excess Pb activity (mBg.g ) versus accumulated sediment weight (g.cm" ) in the Papeete
Harbour. Note the top 8 cm bioturbated layer and the two linear fits corresponding to a breakdown in
accumulation rate with an intersection dated back to 1967 ± 4 y.

Heavy metals analysis was conducted on JO elements in order to reconstruct historical trends
during the past century. Fe, Mn, Al, Ni and Cr could be considered as related (o terrestrial inputs,
whereas Pb, Cu, Zn and Cd gave evidence of anthropogenic contamination. Complementary,
concentration in Ca was used in order to assess marine sediment inputs.

The 10 metals profiles showed a significant increase in concentrations (decrease for Ca)
between 1940 and 1970, after 1970 concentrations stayed constant until present day. We considered
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the increase in concentrations in the sediment layers corresponding to the transition zone to be
strongly related to mixing processes due to bioturbation,

In this paper, we present a simple experimental mixing model explaining the effect of
bioturbation in sediments subjected to a strong modification of the sedimenting conditions.
Mathematical expression for solid sediment mixing caused by bioturbation is based on 1-D integral
conservation balances [2]. Considering the bioturbated layer thickness to be unaffected by (he
sedimentation rate (i.e. constant over the whole core length), the mixing process can be expressed
according to the following equation :

Q+i = - Q Bo) / Bo

where Q, Ci+i and Ci+Bo are the concentrations at dephl i, i+1 and i+B0; Fj and Fj+no are the flux of
accumulated sediments at depht i and i+Bo ; and Bo is the thickness of sediment affected by
bioturbation.

Calculation were made using a non-linear regression programme. The best fit was obtained
with a Bo value about 8 cm as showed for either Ni (terrestrial inputs) or Zn (anthropogenic inputs)
profiles (fig. 2).

In conclusion, results from the model are consistent with our first estimation of Bo by direct
reading of 210Pb activity profile. Furthermore, the model tend to support the validity of our hypothesis
according to which the bioturbation layer is unaffected by the sedimentation rate.
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Fig. 2 : measured and calculated concentrations of Ni and Zn (ug.g'') versus accumulated sediment
weight.
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The IAEA responded to the news that the former Soviet Union had, for over three decades, dumped
radioactive wastes in the shallow waters of the Arctic Seas by launching the International Arctic Seas Assessment
Project (IASAP) in 1993 [1]. the project had two objectives; to assess the risks to human health and to the
environment associated with the radioactive wastes dumped in the Kara and Barents Seas, and to examine possible
remedial actions related to the dumped wastes and to advise on whether they are necessary and justified.

The study involved more than 50 experts from 14 countries and was steered by an international Advisory
Group. The working areas of the study consisted of examination of the current radiological situation in Arctic
waters, prediction of potential future releases from the dumped wastes, modelling of environmental transport of
released nuclides and assessing the associated radiological impact on man and biota, and examination of the
feasibility, costs and benefits of possible remedial measures.

According to the "White Book" [2] the dumped items included six nuclear submarine reactors containing
spent fuel; a shielding assembly from an icebreaker reactor containing spent fuel; ten nuclear reactors without fuel;
and solid and liquid low level waste. Of the total estimated inventory of 90 PBq at the time of dumping, 89 PBq
was contained in high level wastes comprising reactors with and without spent fuel. The solid wastes were dumped
in the Kara Sea, mainly in the shallow fjords of Novaya Zemlya, where the depths of the dumping sites range from
12-135 m and in the Novaya Zemlya Trough at depths of up to 380 m. Liquid low level wastes were released in
the open Barents and Kara Seas.

In the study, information based on reactor operating histories and calculated neutron spectra were used to
provide estimates of fission product, activation product and actinide inventories of the dumped reactors and fuel
assemblies. It was concluded that the total radionuclide inventory of the high level radioactive waste objects at
the time of dumping was 37 PBq. The difference between this value and the preliminary estimate of 89 PBq given
in the "White Book" [2] can be explained by the more accurate information on the actual operating history of the
reactors provided to IASAP by the Russian authorities. The corresponding inventory of high level dumped wastes
in 1994 was estimated to be 4.7 PBq. In 1994, the main nuclides were 137Cs, 90Sr, 63Ni and 60Co , while in the year
3000 the Pu isotopes and 59Ni will dominate the inventory.

Currently the open Kara Sea is relatively uncontaminated compared with some other marine areas, the
main contributors to its artificial radionuclide content being direct atmospheric deposition and catchment runoff
of global fallout from nuclear weapon tests, discharges from reprocessing plants in western Europe and fallout
from the Chernobyl accident. The measurements of environmental materials suggest that annual individual doses
from artificial radionuclides in the Kara and Barents Seas are very small, 2-10 uSv [3]. Elevated concentrations
of certain radionuclides were detected in sediments within a few metres of the low level waste containers
suggesting that the containers have leaked. However, these leakages have not led to a measurable increase of
radionuclides in the outer parts of the fjords or in the open Kara Sea.

The rates of release of radionuclides to the environment will depend upon the integrity of materials
forming the reactor structure, the barriers added prior to dumping and the nuclear fuel itself. For each of the
dumped high level waste objects, the construction and composition of barriers were investigated in detail, and the
best estimates of the corrosion rates and barrier lifetimes were used in the calculation of release rates. External
events, such as collision with ships or, more generally, global cooling following by glacial scouring of the fjords
could also damage the containment. Three release scenarios were considered in the study:

a best estimate scenario - release occurs via the gradual corrosion of the barriers, waste containers and the
fuel itself;
a plausible worst case scenario - normal gradual corrosion followed by a catastrophic disruption of two
sources at a single dump site (the fuel container and the reactor compartment of the icebreaker)
in the year 2050 followed by accelerated release of the remaining radionuclide inventory of these sources;
and
a climate change scenario - corrosion up to the year 3000 followed by instantaneous release, due to glacial
scouring, of the radionuclide inventory remaining in all sources.
The calculated release rates were used with mathematical models of the environmental behavior of

radionuclides to estimate radiation doses to people and biota.
For estimation of doses to individuals, three population groups were considered. Calculations of individual
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doses were undertaken for time periods covering the peak individual dose rates for each of the three release
scenarios. The following groups were considered:
1. A group whose subsistence is heavily dependent on the consumption of Kara Sea fish, marine mammals,

seabirds and their eggs, and who spend 250 hours/year on the seashore;
2. A hypothetical group of military personnel patrolling the foreshore of the fjords for assumed periods of

100 hours/year. The exposure pathways considered include external radiation and the inhalation of
seaspray and re-suspended sediment;

3. A group of seafood consumers considered representative of the.Northern Russian population eating fish,
mollusks and crustaceans harvested from the Barents Sea.
The maximum annual individual doses in each group of seafood consumers (Groups 1 and 3) for all three

scenarios are small (<0.1 uSv/a, <1 uSv/a, and 0.3 uSv/a, respectively) and very much less than variations in
natural background doses. (The annual doses to the groups 1 and 3 from naturally occurring 2l0Po in seafood are
500 uSv and 100 uSv, respectively.) Doses to the hypothetical critical group of military personnel patrolling the
fjords (Group 2) are higher (700 uSv/a, 4000 uSv/a, 3000 uSv/a, respectively) but, nevertheless, comparable to
natural background radiation doses (on average 2400 uSv/a).

Collective doses were estimated only for the best estimate release rate scenario. The collective dose to the
world population arising from the dispersion of radionuclides in the world's oceans (nuclides other than I4C and
I29I) were calculated up to the year 2050 to prdvide information on the collective dose to the current generation;
and over the next 1000 years, a time period which covers the estimated peak releases. The estimated collective
doses are 0.01 manSv and 1 manSv, respectively. Assuming that the entire I4C inventory of the wastes is released
around the year 2000 and integrating the dose to the world's population over 1000 years into the future (i.e., to
the year 3000) yields a collective dose of about 8 manSv. The corresponding value for 129I is much lower at
0.0001 manSv. Thus the total collective dose to the world's population over the next 1000 years would be of the
order of 10 man-Sv.

The radiation dose rates to a range of populations of wild organisms, from zooplankton to whales, were
calculated and found to be very low. The peak dose rates predicted in this assessment are about 0.1 uGy/h - a dose
rate that is considered unlikely to entail any detrimental effects on morbidity, mortality, fertility, fecundity and
mutation rate that may influence the maintenance of healthy populations. It is also relevant to note that only a
small proportion of the biota population in local ecosystems could be affected by the releases.

With regard to possible remedial actions a preliminary engineering feasibility and cost study was conducted
for the container of spent fuel from the nuclear icebreaker because it contains the largest radionuclide inventory
among the dumped waste objects and is the best documented regarding construction and introduced container
barriers. Salvage experts chose two potentially realistic remediation options for closer study. They were capping
in situ with concrete or other suitable material to encapsulate the object and recovery to a land environment. Both
options were deemed technically feasible. The costs of marine operations were estimated to be in the range US
$5-13 million.

There are a number of factors that require consideration in reaching a decision about the need for remedial
actions. From a radiological protection perspective, the most important aspects are the doses and risks to the most
exposed individuals (the critical group) if action is not taken and the extent to which their situation can be
improved by taking action; and the total health impact on exposed populations (proportional to collective dose)
and how much of it can be averted by taking remedial action.

From a radiological protection viewpoint, including consideration of the doses to biota, remedial action
in relation to the dumped radioactive waste material was not found warranted.
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Marine radioactivity in the Arctic.
A retrospect of environmental studies in Greenland waters through four decades.
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The waters around Greenland have received radioactive contamination from three major
sources: Global fallout, discharges from the nuclear fuel reprocessing plant Sellafield in
the UK and the Chernobyl accident in the Former Soviet Union (FSU).
The global fallout peeked in the late fifties and the early sixties. The radiologically
important radionuclides from this source are first of all 90Sr, 137Cs, 239-240pu and 41Am.
The input to arctic waters of global fallout has been direct from the atmosphere and
indirect from land as run off with rivers. The waterborne discharges from Sellafield
which were at their height from 1974 to 1981 contributed primarily with 137Cs, although
some 90Sr and in particular 99Tc also have been detectable from this source. The
Chernobyl accident in 1986 was characterised by its substantial atmospheric release of
radiocaesium (134Cs and 137Cs).
Other sources may, however, also have contributed to the radioactivity in the Greenland
waters for instance radioactive discharges to the great Siberian rivers (Ob, Yenisey and
Lena) from nuclear facilities in the FSU or local fallout from the Novaya Zemlya
nuclear weapons test site. Dumped radioactive waste in the arctic waters may be
another although less important source. Finally the Thule B-52 accident in 1968
resulted in a local marine contamination in NW-Greenland with plutonium.
Figs. 1 and 2 summarize the spatial and temporal trends of Sr and 137Cs in Greenland
surface waters over the last decades. The concentrations have in general been higher in
East Greenland waters than in the waters from West Greenland. This pattern is also
reflected in biota.
The 90Sr levels have decreased significantly with time, while the 137Cs concentrations
have been more slowly decreasing, due to the inputs of radiocaesium from Sellafield
and Chernobyl.
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1960-1969
1-1979

Fig. 1. Spatial and temporal trends of the Sr-90 concentrations in surface seawater
collected around Greenland 1961-1997.

1970-1979
1980-1989

1990-1997

Fig. 2. Spatial and temporal trends of Cs-137 concentrations in the surface seawater
collected around Greenland since the 1970'ties.
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The information that high level radioactive waste had been dumped in the shallow
waters of the Kara Sea [1] has been released in 1992, triggering a large number of asessment
and research programmes. Scientists from IAEA's Marine Environment Laboratory
participated in 5 international cruises to the Kara Sea with the main purpose to assess levels of
marine radioactivity and key parameters controlling its distribution. The Laboratory also
contributed to the Agency's International Arctic Seas Assessment Programme (IASAP)
through: (1) developing a database which includes Arctic marine radioactivity measurements
reported since the 1960s; (2) evaluating sediment distribution coefficients (Kds) and studying
biokinetics of radionuclides in marine organisms in the Arctic environment; (3) producing
reviews of oceanographic and environmental information required for the radiological
assessment, of past and present-day levels and inventories of radionuclides in the Arctic Seas
and of recommended Kds and concentration factors (CFs) for marine biota; (4) developing and
applying local, regional and global scale models of dispersal and transfer of radionuclides
potentially released from the dumped waste, and calculating related radiological doses to
humans. This paper will give an overview of the results obtained thus far at IAEA-MEL.

Distributions and inventories of anthropogenic radionuclides were assessed for the
open Kara Sea, the Ob and Yenisey estuaries and the radioactive waste dumpsites in the
Abrosimov, Stepovoy and Tsivolki Bays and in the Novaya Zemlya Trough [2]. The data
show low levels of 90Sr, 137Cs and 239+240pu in the open Kara Sea, with localised contamination
of sediment with 60Co,90Sr, 137Cs, 238Pu and 239+240pu in small areas around leaking waste inside
Abrosimov and Stepovoy Bays. 238Pu/239+240Pu isotopic ratios are generally consistent with
those typical of global fallout, with the exception of sediments from the dumpsites, where its
values range up to 0.7. At the mouth of the Yenisey, relatively high l37Cs, 238Pu and 239+240pu

inventories were found in sediment (over 5.3 kBqm'2, 1.6 and 45 Bq-m"2 respectively) due to
enhanced scavenging of radionuclides from the water column.

l37Cs, 90Sr and 239+240Pu inventories in the water column in the open Kara Sea [2, 3, 4]
show a fairly good correlation with water depth. This confirms that significant local sources of
contamination are absent. In the open Kara Sea, l37Cs inventories in sediment have been
shown to decrease with water depth [4] and are in the range expected for global fallout at
these latitudes. Values up to an order of magnitude higher were found in the immediate
vicinity of leaking containers inside Stepovoy Bay. From the above data, depth averaged
137Cs, 90Sr and 239+240pu inventories of 1.3, 0.5 and 0.025 kBqm2 can be obtained and total
inventories in the open Kara Sea can be roughly estimated to 11.5, 4.5 and 0.2 TBq
respectively. A series of soil cores from the eastern coast of Novaya Zemlya indicate that there
is no major influence of close-in fallout.

Within IASAP, MEL has been acting as a central facility for the collection, synthesis
and interpretation of data on marine radioactivity in the Arctic Seas. About 6,000 individual
data compiled from the literature, reports, the Laboratory's own results and data sets provided
by various institutes have thus far been entered to date in MEL's Global Marine Radioactivity
Database (GLOMARD) [5]. Temporal and spatial trends in the distributions of radionuclides
in the open Kara Sea give a straightforward indication of the main sources of input of these
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radionuclides: atmospheric fallout, the Siberian rivers and marine transport from North
European waters [6].

Concern was expressed that the Kds and CFs for the Arctic may differ considerably
from those applicable to temperate regions. Theoretical, laboratory and field investigations
were undertaken at IAEA-MEL in order to determine values which could reliably be used in
modelling the environmental transfer of radionuclides in the Kara Sea [7, 8]. Kd and CF
values recommended for use within the IASAP project [9] do not differ significantly from
generic values given in [10].

Local, regional and global dispersion models were developed at IAEA-MEL [11] and
were applied to estimate the environmental and radiological impact of possible releases from
the waste dumped in the Kara Sea. MEL gave predicitions for doses to critical groups and
global collective committed doses up to 1000 years in the future. Estimated global collective
doses are small, amounting to about 10 man Sv over the next 1000 years, dominated on this
time-scale by a 14C contribution of 8 man Sv [12]. Non-trivial maximum individual doses
were obtained only in the case of a hypothetical critical group of military personnel patrolling
the shores of the bays into which high-level radioactive waste was dumped.
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Extended Abstract:
Desciption of the Project:
The paper presents the results of the joint project carried out in Germany in order to
assess the consequences in the marine environment from the dumping of nuclear wastes in the
Kara and Barents Seas. The project consisted of of two components:

I. Experimental work concerning measurements of samples from the Arctic marine
environment
II. Numerical modelling of the potential pathways and dispersion of contaminants in
the Arctic Ocean.

For the purpose of the experimental work one cruise with R/V GAUSS was carried out in
summer 1995 in order to detect any long range contamination on radionuclides and organic
pollutants in the North Sea. Norwegian Sea. Barents Sea, and Greenland Sea. Water and
sediment samples were collected for radionuclide such as Cs-137, Sr-90, Pu-239/240. Pu-238.
and Am-241and organic micropollutant such as gamma-HCH, alpha-HCH, DDT-group. PCBs, HCB.
Petroleum Hydrocarbons and PAHs analyses. In addition, a few water and numerous surface
sediment samples collected in the Kara Sea and from the Kola peninsula were taken by our
Russian colleagues and analysed on artificial radionuclides in the BSH laboratory.

The role of transport by sea ice from the Kara Sea into the Arctic Ocean was assessed by a
small subgroup at GEOMAR. This transport process might be considered as rapid contribution
due to entrainment of contaminated sediments into the sea ice, following export from the
Kara Sea into the transpolar ice drift and subsequent release in the Atlantic Ocean in the
area of the East Greenland current [1].

Numerical modelling for dispersion of pollutants from the Kara and Barents Seas was carried
out both on local scale for the Barents and Kara Seas [2. 3] and for long range dispersion
into the Arctic and Atlantic Oceans [4]. Three-dimensional baroclinic circulation models
were applied to trace the transport of pollutants. Experimental results were used to
validate the model results such as the discharges from the nuclear reprocessing plant
Sellafield and subsequent contamination of the North Sea up the the Arctic Seas.

Results:
In most cases the concentrations of man-made radionuclides and organic contaminants are
highest in the North Sea. The transport pattern of pollutants from the Baltic Sea and North
Sea can still be traced to Arctic waters. The Sellafield signal of 137Cs dominating the
contamination in former years in the North Sea and adjacent sea areas decreased
significantly also in the Barents and Greenland Sea. In sediments around Spitsbergen some
PAH concentrations in sediments are highest. We conclude that natural inputs from geogenic
coal layers on Spitsbergen transported e.g. by glaciers are the source of these compunds.
Relative high concentrations of alpha-HCH in seawater were also detected on Arctic waters.
No significant long range radioactive contamination from sources from the Kara Sea or local
dispersion from nuclear activities on the Kola peninsula was detected. The samples taken in
direct vicinity from the sunken nuclear Russian submarine Komsomolets showed no
contamination on Pu and Ceasium isotopes.
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The results from the dispersion models suggested that, even for worst case scenarios, the
contamination of Arctic waters and North Atlantic areas is relatively minor compared to
precontaraination from the Sell afield source or the global fallout in the sixties. The long-
range simulation of the Sellafield discharges of 137Cs since the sixties is in very good
agreement with the measured levels proving that this tool can be used properly for
envionmental assessments.
Conclusion from the results from the Project:
1 No significant radioactive contamination from sources from the Kara Sea were

detected by the experimental analyses of the obtained water and sediment samples.
2 The levels of concentration for the most relevant radionuclides in the Barnets.

Greenland and Kara Sea are lower compared with levels in former times or at present
in the North Sea or the Baltic Sea.

3 No significant contamination was detected at the area of the sunken Russian nuclear
submarine KOMSOMOLETS.

4 The transport pattern from contamination from the North Sea by radioactive or
organic signals can be traced to Arctic waters.

5 The results for the modelling show no significant pollution even for worst case
scenarios of releases from the waste in the Kara Sea to other sea areas in the
Arctic or North Atlantic waters.

6 The transport of contaminated sediments by ice may play a minor role of long range
contamination of radionuclides in the Arctic. However, this transport mechanism
might be a rapid short circuit to the North Atlantic Ocean.
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In recent years 129I and 137Cs have become important oceanographic tracers owing mainly
to their release in large quantities from two European reprocessing plants at Sellafield, UK
and Cap La Hague, France, since the late 1960s. Atlantic water labelled by these
radionuclides is transported into the North and Norwegian Seas on time scales of 4-5 years
from where it enters the Arctic Ocean, either through Fram Strait in the East Greenland
Current or through the Santa Anna Trough via the Barents and Kara Seas. Smith et al. [1]
have formulated a simple transport model which can be used to reconstruct the historical
record for the 129I and 137Cs concentration signals at a reference location of 60°N in the
Norwegian Coastal Current (NCC) using proxy discharge data for the Sellafield and La
Hague reprocessing plants and transfer factors reported in the literature [2].

Between 1995 and 1998, four Submarine Arctic Science Cruise (SCICEX) missions
were carried out to support unclassified oceanographic research in the Arctic Ocean.
The US Navy nuclear powered submarines conduct their operations within unclassified
parameters, at a maximum depth of 800 ft and a maximum speed of 25 knots. During the
1995 US Cavalla cruise, water samples for 129I and 137Cs analyses were collected both
through the hull of the submarine while the vessel was submerged and from temporary ice
camps established when the vessel surfaced through ice leads or polynyas (Figure 1).

Figure 1. USS Cavalla station locations for radionuclide samples.

The progressive change in 129I distributions along the Eurasian continental margin is
illustrated by the USS Cavalla results in Figure 2. Atlantic origin water entering the
Makarov Basin (Station 18) is labeled by elevated 129I levels (> 80 x 107 at/I) in surface
mixed layer and halocline water (0-200 m) resulting from inputs from European nuclear
fuel reprocessing plants. In contrast, 129I levels in the 0-200 m water depth range in the
Beaufort Sea (Station 4) are relatively low (< 5 x 107 at/I) indicating the presence of
Pacific-origin water labeled solely by fallout that has entered the Arctic Ocean through
the Bering Strait. The front between Pacific and Atlantic-origin water is aligned along
the Mendeleyev Ridge near Station 24. Intermediate layer water (> 200 m) having
elevated 129I levels at all locations is of Atlantic origin. An increase in I levels at depths
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of 800 m in the Makarov Basin indicate that comparatively rapid ventilation of intermediate
water occurs over the Eurasian continental slope. However, 129I levels in Atlantic-origin water
over the Alpha Ridge remain extremely low, indicating that this water passed through the
Eastern North Atlantic prior to the 1970 increase in reprocessing plant releases. The

129,resolution between I concentrations in Atlantic and Pacific origin water of more than an
order of magnitude demonstrates the utility of
using nuclear submarines.

129I as a tracer and the efficacy of its sampling
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Figure 2. 129I profiles from USS Cavalla surface stations.

129I and 137Cs data from the USS Cavalla cruise have been used to estimate transit times
from the Norwegian Coastal Curcent to the Central Arctic Ocean. Halocline and Atlantic
layer tracer data at Station 17 over the Laptev Sea slope of the Makarov Basin are
consistent with transit times from a reference location of 60°N in the Norwegian Coastal
Current of 5-7 y. In contrast, 129I and 137Cs data at Station 38 along the Lomonosov Ridge
are consistent with greater transit times, in excess of 8 y, indicating that these stations are
located "downstream" from those in the Makarov Basin. These results tend to confirm the
hypothesis that 129I and 137Cs can be used as tracers to determine transit times from the
Norwegian Coastal Current to other locations in the Arctic Ocean.
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1. Observations on radioactive contamination of the seas washing the territory of
Russia were started in 1961 prior to a set of intensive tests of nuclear weapons in the
atmosphere. In the regions of the White, Barents and Kara seas, where liquid and solid
radioactive wastes were dumped, observations were started in 1970-1971, and in the seas
contaminated after the Chernobyl accident, observations were carried out in the period
1986-1991.

2. The maximum contamination levels caused by global radioactive fallout were
observed in inland seas or in seas with a limited exchange with the ocean. These are the
Sea of Azov, the Caspian and Baltic seas. In the period 1963-1967, the maximum
concentrations of 90Sr ranged from 100 to 250 Bq/m3.

3. Dumpings of liquid and solid radioactive wastes in the selected regions of the
White, Barents, Kara seas and the Sea of Japan were restricted quantitatively by
specially established hygienic norms, according to which the contamination levels of the
narine environment should not lead to any restrictions on the use of marine products
[1]. In the period 1984-1990, the maximum water contamination levels in the regions,
where liquid radioactive wastes were dumped, were observed during the first hour
following the dumping, but they did not exceed 2 % of the established norms for 90Sr
and 0.6 % for I37Cs, and were less than 0.1 % for 134Cs and 60Co.

4. After the Chernobyl accident, a significant contamination was due to 137Cs. The
highest levels were observed in the Gulf of Finland of the Baltic Sea and in the Black
Sea: 900 Bq/m3 and 500 Bq/m3, respectively [3].

5. The data obtained enable one to estimate the contributions made to the total
radioactive contamination by various sources individually for each sea washing the
territory of Russia.
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Many persistent semi-volatile organic pollutants of high ecotoxicological significance
is known to be globally dispersed by natural processes. There is increasing concern that
many persistent organic pollutants (POPs) - such as polychlorinated versions of
biphenyls (PCBs) and dioxins (PCDD) as well as polycyclic aromatic hydrocarbons
(PAHs) - may trigger sub-lethal effects on whole communities such as endocrine
disruption and, via competitive species disadvantages, a change in the composition of
whole ecosystems. Unfortunately, the present-day knowledge of global-scale exposure
fields and POP flux patterns - necessary to rationally evaluate such risks - is severly
limited. Nevertheless, it has been suggested for a long time that the ocean is both an
important transfer reservoir and sink in the large-scale fate and transport of such semi-
volatile and particle-reactive compounds (e.g., Woodwell, 1971; NAS, 1979, NRC, 1985)
and urgent calls for intensified focus on marine POP studies have recently been forwarded
(GESAMP, 1993; UNEP, 1995).

Quantification of ocean sequestration fluxes of POPs has proved elusive for two major
reasons. First, it is a significant analytical challenge to measure accurately trace-level
concentrations of individual POP compounds in seawater (frequently present in fM-aM
ranges). Secondly, reliable methods for measuring the downward flux of organic
pollutants from the surface ocean are lacking. To alleviate this situation, we have recently
applied tools from the marine isotope field to better understand the oceanic fate of
organic pollutants. By coupling the surface ocean inventories of paniculate POPs with the
corresponding mixed layer ""U-^Th radioactive disequilibria, downward fluxes
representing ocean sequestration of both specific PAHs (Gustafsson et al., 1997a) and
individual PCB congeners (Gustafsson et al., 1997b) have been elucidated for a limited
number of occasions. As one part of this presentation, we will present and apply an
expanded data set on :34Th-derived PCB fluxes on the continental shelf off NE USA to
help constrain this ocean margin sink of such semi-volatile compounds.

The systematics and assumptions of applying 2 3 °U- 2 3 4 Th t 0 derjVe surface ocean
export fluxes has recently been reviewed elsewhere (Buesseler, 1998) and only the
application to POPs will be briefly presented here. The radioactivity of 2 3 4Th in the
surface ocean reflects a balance between its formation via radioactive decay of the highly
soluble - 3 °U and losses due to decay and removal on settling particles:

°[ A"tQlJ _ qr238TI 1 i [234T h 1_L . f234Th 1
— Ay L'totj / l[ A "tot J Ksettle[ l n par t j

where 2 3 8 U [ o t and 2 3 4 Th t o t are the total radioactivities (dpm nr 3 ) of 2 3 8 U and 2 3 4 Th.

respectively, 2 3 4Th p a r t is the radioactivity (dpm m"3) of 2 3 4 Th in the purticulate

fraction, and X is the radioactive decay constant of 2 3 4 Th (0.0288 d"')- ^settle ' s [he

overall rate coefficient (day"') for vertical transport on settling particles, and this net rate
coefficient reflects a combination of processes such as aggregation, disaggregation, and
particle sinking.
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We have previously shown that the assumptions of steady-state (i.e., 9[-^4Th l o t] /9t) =
0) and negligible horizontal advective and eddy diffusive transport are reasonable in
pelagic, continental shelf, and most coastal regimes (see references in Gustafsson et al.,
1997b). Thus, solving Eq. 1 for the particle removal rates (i.e., kSettle) from surface
waters, one may then derive areally averaged fluxes for other particle-reactive compounds
in the same system. Hence, for PCBs we have:

FPCB = ^settle ^mix [PCBpartJ ( 2 )

where F p c B ' s t n e net vertical removal flux of a PCB (pmol m~~ d"'), z m i x (m) is the
depth of the surface mixed layer, and [PCBpart] is the particulate PCB concentration

(pmol m'3).
A particularly beneficial aspect of the --^Th-coupled technique for deriving upper

ocean POP export is that it is based on direct measurements of mixed layer properties.
Estimates of surface ocean export from fluxes into sediment traps may be compromised
by limitations in current trap technology and by the traps being positioned well below the
surface mixed layer. The accuracy of flux estimates from shallow traps has been
questioned based on a number of issues, including hydrodynamic biases, problems with
preservation, and "swimmer" related artifacts. Trap calibrations have reported both
significant under- and over-trapping (up to factors of 3-10; Buesseler, 1991).
Furthermore, traps positioned at some greater depth would not be expected to
quantitatively reflect surface ocean export fluxes due to desorption and organic matter
remineralization processes during particle settling.

It is the objective of this presentation to couple the surface water 238Tj_~34-pn
disequilibria with measured particulate PCB concentrations to derive fluxes of these
important xenobiotic compounds into the subsurface ocean at sites ranging from urban
harbor - coastal - shelf - pelagic regimes. Spatial extrapolation of this data allows an
initial contrast of present annual removal rates of individual congeners into the North
Atlantic Ocean with other large-scale estimates of long-term PCB sinks.

Current results reveal a sharper decrease in 234Tij-derive(j surface ocean fluxes away
from the continental source for congeners with increasing chlorination. This suggests that
atmospheric washout followed by particle-mediated settling out of the surface ocean are
the predominant processes affecting the large-scale fate of PCBs, as opposed to
atmospheric hydroxyl radical-mediated decomposition. Based on this limited data set,
although higher areal fluxes are seen closer to the coast, the largest fraction of each PCB
is removed into the open ocean. For example, we estimate that 14,000 mol yr"' of a
tetrachlorobiphenyl (#52) is presently being sequestered in the northwestern Atlantic
Ocean, with 75% of the flux being in the pelagic sector, 20% on the continental shelf, and
only 5% in the 20 km-wide coastal region closest to the continental source.
In the second part of the discussion, we will have collated already existing 238y.234j n
and POC data from the Atlantic and Pacific Oceans, with separately published PCB
concentrations, to enable the first estimate of the total sequestration of representative PCB
congeners in these large ocean basins.
The results to date from applying natural radionuclides as in situ "clocks" of POPs
settling out of the mixed surface ocean suggest that this methodology holds promise to
finally quantify the long suspected important role of the ocean in the global fate and
transport of many organic pollutants.
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The residues of 15 organochlorine pesticides (including DDT isomers, cyclodiene
compounds, mirex, toxaphene, hexachlorocyclohexane isomers (HCHs), and
hexachlorobenzene (HCB)), and 3 aroclors (including Ar 1248, 1254, and 1260) as well
as polychlorinated biphenyl (PCBs) congeners (including 1, 8, 28, 52, 101, 138, 153,
180, 200, 206) were analyzed by capillary GLC in fish Mugil cephalus and bivalve
Donax sp., collected from three different locations, (El-Mex bay, Rosetta and Balteem).
The total residue results expressed as grand total (GT), except PCBs congeners not
including in the GT. Lipid content percentage ranged from 2.2 to 3.6% in fish and 1.0 to
1.5% in bivalve, as judged by extractable organic matter (EOM) values. Highest GT
values were found in El-Mex for fish (183.0 ng/g) and bivalve (101 ng/g). The value of
GT in fish was higher than that at bivalve that can be due to different lipid contents and
feeding habits. GT values followed descending order, El-Mex bay> Rosetta, Balteem).
Table 1 reveals specific trend between GT values, and body size or fat content of studied
biota. Such trend was reported also for other studied [1,2 and 3J It is noteworthy that
this is the first record of toxaphene and PCBs congeners residues in the studied areas.

The results in table 1 indicated generally that, total Aroclors represents 55 to 66%
from GT values in studied biota. However, total pesticides concentration in Rosetta area
is the most abundant group, where it represents 54 to 61% from GT values for both fish
(60 ng/g) and bivalve (51 ng/g), respectively. These results can be attributed to
occurrence of the national pesticides factory at Kafter El-Ziate as well as high volumes
of agricultural waste which discharge to Nile at Rosetta branch.

Total DDT isomers concentration in fish represent from 31 to 50% from the total
concentration of studied pesticides (TP), whereas this values were from 36 to 53% in
bivalve, (Table 1). The percentage of cyclodiene compounds was ranging from 18% to
30% from TP concentrations tor both organisms. HCH isomer concentrations represent
from 8 to 13% from TP concentrations for fish and from 12 to 15% for bivalve (Tablel).

Since all PCB components have different molecular structures, each component has
its own physical and chemical properties, resulting in differences in their environmental
fate and impact [4], The distribution of the PCB congeners in the studied locations
exhibited a remarkable variation among species. Regarding to total concentrations of
PCB congeners, the highest levels occurred at El-Mex in both fish Mugil cephalus and
bivalve Donax sp. were 87.0 and 38.0 ng/g, respectively.

The present data revealed that, HCB highest level occurred at Ei-Mex in fish, 4.2
ng/g, and being 1.3 ng/g in bivalve, (Table 1).

Tables 2 and 3 illustrated that Rosetta bivalve Donax sp. attained a maximum
toxaphene value of 12.8 ng/g, (represented 25% of the residue of studied pesticides in
Rosetta) as contrasted with 10.6 ng/g for Rosetta Mugil cephalus, (represented 18% of
the residue of studied pesticides in Rosetta).
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Table 1 The concentrations of studied organochlorine compounds (ng/g) in fish and bivalve

Fish
AREA
Lenght
Weight
No. of samples

% HEOM"
Grand total

S pesticides

Z Aroclors

Z DDTs

S Cyclodienes

Z HCHs

ZPCBs
congeners
Toxaphene
HCB

Mugil cephalus

Balteem
12.5 ±1.0
90.011.3

16

2.2

61.0

22.8

(37%)'
33.2

(63%)'
6.9

(31%)°
6.8

(30%)C

2.9

(13%)°

12.1

4.2

0.5

El-Mex
±1.3

108.0 ±2.4
16
3.6

183.2

62.7

(34%)'

120.5(66%)'

23.6

(38%)'
18.5

(30%)°

7.4

(12%)'

87.7

3.8

4.2

Rosetta

±1.7
105.0 ±4.0

16

2.9

112.3

60.4

(54%)'
51.9

(46%)'
30.5

(50%) °
10.7

(18%)°

4.8

(8%) '

30.6

10.6

1.7

Don ax sp.
Balteem

1.0

31.8
14.6

(46%)
178 „

(56%)

7.7
(53%)C

3.4

(23%) °
2.2

(15%)C

7.8

1.3
n.d

El-Mex

1.1

100.8
34.5

(34%)

66.3
(66%)"

11.7
(36%) '

9.3
(29%)C

4.8
(15%)°

34.1

3.9
1.3

Rosetta

1.5

83.1
50.9

(61.3%)

32.2
(39%)

20.6
(41%)°

9.4
(18%)'

6.2
(12%)°

21.1

12.8

0.7
a: extractable organic matter , based on fresh weight of the living organism.
b: based on Grand total c: based on Total of Pesticides
GT = Grand total = Total pesticides +Total Aroclors n.d: not detected

References

1- Abd-Allah, A. M. A. (1994). Residue levels of organochlorine pollutants in fish from
Abu-Quir Bay and Idku lake Alexandria, Egypt. Toxicol. Environ. Chem. 44, 65-61.

2-El-Nabawi, A., Heinzow, B. and Kruse, H. (1987). Residue levels of organochlorine
chemicals and polychlorinated biphenyls in fish from the Alexandria region, Egypt.
Arch Environ Contam. Toxicol. 16, 689 - 696.

3-Abu-ElElaa N. and Abd-Allah, A. M. A. (1997). Organochlorine pollutants level in fish
from Maruit lake, Alexandria, Egypt. J. Egypt Public Health Association, LXXII;
No. 1.2, 215-231.

4-Duinker, c. and Hilleber, MT.Y. (1983). Comparison of PCB mixtures in biotic and abiotic
marine compartments (Dutch Waden Sea). Bull. Environ. Contam. Toxicol. 31, 25-32.

113



IAEA-SM-354/62 XA9951192

FATE AND TRANSPORT OF ETHOPROPHOS IN
THE JAMAICAN ENVIRONMENT.
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Pesticide and Pest Research Group
Departments of Life Sciences and Chemistry, P.O. Box 12,

The University of the West Indies, Mona
Kingston 7, Jamaica.

Ethoprophos is widely used in banana and coffee plantations in Jamaica and is becoming
increasingly popular as a soil pesticide. Its fate in tropical island ecosystems, however, is not
known. The present study on the fate of ethoprophos in the Jamaican environment and transport
of its residues to river and coastal waters was conducted to evaluate the environmental risk of its
residues.

The methodology used in this study was described earlier by Robinson et al. [1], Hydrolysis of
ethoprophos (Mocap 10G) in distilled, river, brackish (15% salinity) and open sea (33% salinity)
water was studied in 1L narrow-mouthed brown bottles under laboratory conditions over a period
of 130 days.

Volatilisation from soil taken from a Blue Mountain coffee plantation with Cuffy Gully Gravelly
Sandy Loam soil (CGGSL; 14% clay, 64% sand and 4.5% organic matter) was also studied under
laboratory conditions at soil moisture levels of 1, 10 and 20%. Mocap-mixed soil was placed in
a closed horizontal glass column and air passed over it @ 9.26 mL/s. The air which passed over
the soil was bubbled through dichloromethane in two Erlenmyer flasks to trap the residues [2],
The solvents were removed every two hr for 12 hr for residue analyses.

Photolysis of ethoprophos was conducted in a coffee plantation with CGGSL soil held in large
petri dishes under direct sunlight and under tree shade. Soil from the plantation was taken back
to the laboratory and a portion of it sterilized. Sterilized and unsterilized soil were kept in narrow-
mouthed brown bottles to study the effect of microbes on the degradation of the insecticide.

The runoff and leaching of ethoprophos was conducted in a coffee plantation with CGGSL soil
on 23° and 38° slopes in which the weeds were either removed (weeded plots) or maintained
(unweeded plots). Mocap 10G (20g) was broadcast on a 2 x 0.3 m band at the top of each plot
and incorporated into the soil. Soil samples were collected from the top 5 cm of the soil at regular
intervals for 9 weeks from different distances down the slope for residue analysis. Leaching was
also investigated in the laboratory in 30-cm soil columns kept at 20% moisture through which one
litre of water was passed.

Residues were determined by a Shimadzu 9A gas chromatograph equipped with a FPD. Analytical
conditions were: glass column, 1.6 m by 2 mm packed with OV-17, carrier gas, nitrogen, at a
flow rate of 30 - 35 mL/min, temperature settings: column 250°C, injector and detector 280°C.
Detection levels ranged from 0.001 - 0.002 ng, recovery ranged from 75.8 - 80.4% and
reproducibility of results was 95.5 ± 1.5%.
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The hydrolytic half life of ethoprophos in distilled, river, brackish and open sea water was 24.7,
132.8, 64.9 and 81.2 days, respectively. Volatilisation from soil was least rapid in the driest soil.
After 12 hr, 1.4 - 3.6, 2.3 - 4.5 and 6.5 - 20.2% of ethoprophos dissipated from soil with 1, 10
and 20% moisture levels, respectively.

Photolysis in soil was significantly faster (P < 0.05) in direct sunlight (TVj of 4.7 days) than in the
shade (T,2 of 12.3 days). The microbial degradation of ethoprophos was more than twofold faster
in sterile soil (TVi of 28.8 days) than in unsterile soil (TKl of 10.9 days).

The runoff of ethoprophos from unweeded plantation soil at 23 ° slope was significantly (P =
0.015) less than at 38° slope; the amounts lost from the two slopes after nine weeks and 27.5 mm
of rainfall were 89.4 and 91.2%, respectively, of the applied dose. In the weeded plots, 93.6 and
92.4% of the applied insecticide were lost from 23° and 38° slopes, respectively.

Under laboratory conditions, between 67.0 and 85.1% of ethoprophos leached through the soil
columns. In the field, 2.8 and 2.2% of the applied insecticide was recovered 10 -15 cm below the
surface of the soil at 23° and 38° slopes, respectively, after 25 mm of rainfall on unweeded soil
while 2.0 and 1.9% were recovered from the respective slopes in weeded plots.

It is obvious that about 30% of the applied ethoprophos is likely to be removed by runofFto rivers
or coastal waters, depending upon the distance of the water body from the site of application.
However, the residues are not as persistent in the environment as endosulfan [1]. This would
explain why only low levels of ethoprophos (0.02 - 1.38 ppb) residues have been detected
occasionally in a few rivers compared to frequent and often high levels of endosulfan [3].
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PERSISTENT ORGANOCHLORTNE POLLUTANTS (POP'S) IN COASTAL ENVIRONMENTS
OF SOUTHEAST GULF OF MEXICO, MEXICO.
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G. DIAZ-GONZALEZ
L. RUEDA-QUINTANA
Instituto de Ciencias del Mar, UNAM. Mexico.

Analysis for determine the presence and concentrations of persistent organochlorine pollutants
(POP's) were carried out in samples of coastal lagoons sediments and bivalve mollusks (Crassostrea
virginica) from coastal environments of Tabasco, Veracruz and Campeche states in the Southeast
Gulf of Mexico.

The study includes five of the most productive coastal lagoons for oysters and shrimp fisheries.
These are the Alvarado lagoon (Veracruz) Carmen, Machona and Mecoacan lagoons (Tabasco) and
Terminos lagoon (Campeche).

The sediments samples were obtained from 25 locations within the lagoons areas by using a Van
Veen dredge of 5 kg capacity, the bivalve mollusks were taken out manually from 10 different banks
in the lagoons obtaining an approximate number of 50 organisms from each bank.

The analytical methods used for the extraction, purification and quantification of POP's were
those recommended by the UNEP (1982) for sediments and UNEP (1986) for organisms.

All samples were extracted with 200 ml of bidistilled hexane in a soxhlet apparatus for 8 hrs. The
extracts were purified in chromatographic columns and concentrated up to 5 ml to be analysed by Gas
Chromatography with capillary columns.

Table 1. Shows the mean concentrations of POP's in sediments from the coastal lagoons studied
(ng g'1) dry weight.

COMPOUNDS
aHCH
XHCH
(3HCH

Heptachlor
Heptachlor Epox.

Aldrin
Dieldrin
Endrin
DDE
DDT

LAGOON
CARMEN

0.12
0.24
0.50
5.19
0.19
0.70
6.84
2.73
0.15
1.48

MACHONA
0.09
0.28
0.62
2.30
0.27
1.15
0.92
4.90
0.26
0.90

ALVARADO
0.47
0.85
1.86
3.91
0.86
2.11
2.44
7.80
1.80
2.30

MECOACAN
0.26
0.62'
0.54
2.36
0.68
1.64
1.90
3.60
1.40
1.60

TERMINOS
0.32
0.30
0.62
1.89
0.84
2.60
2.80
4.20
0.80
2.20

The POP's with highest concentrations were Heptachlor, Aldrin, Dieldrin, Endrin and p'p'DDT.
According with national regulation, the use of these chemicals have been severelly restricted o totally
prohibited, however their presence indicate an extensive use and recent application of them (Albert
1996).
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Table 2. Shows the mean concentrations of POP's in tissues of the american oyster Crassostrea
virginica (ng g-1) dry weight.

COMPOUND
PHCH

Heptachlor
Heptachlor Epox.

Aldrin
Endrin
DDE
DDT

Endosulphane I
Endosulphane II

LAGOON
CARMEN

0.62
2.10
2.50
2.50
1.50
4.20
nd

0.80
14.90

MACHONA
0.97
1.70
3.20
1.60
10.60

nd
5.60
nd

8.80

ALVARADO
2.08
2.90
2.40
6.70
8.00
nd

1.60
1.30
17.60

MECOACAN
1.40
1.60
2.00
3.20
2.40
1.20
nd

0.80
5.40

TERMINOS
0.80
1.80
2.30
1.80
3.20
nd

1.80
1.10
2.80

The concentration of POP's in tissues of Crassostrea virginica were up to three times higher
compared to those obtained for sediments in the same areas.
Mearns et. al. (1988) indicate that oysters concentrate pesticide residues up to two times more
intensivelly compared to the sediments due to their progressive concentration mechanisms for certain
pollutants.
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Fate of 14C-labelled pesticides in marine environment.
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Use of radolsotopes to trace the fate of pesticides In agricultural systems Is well known. Various
experimental setups simulating ecosystems have been reviewed [1]. A marine ecosystem was
developed in an all glass aquarium tank to follow the fate of 14C-labelled DDT. Sediments and water
were collected from Trombay creeK which is a part of Arabian eea along the We^coasl of India. Clam
(Katelvsia. ooima) and marine algae were other components of this ecosystem.. "C-labelled DDT was
applied to the ecosystem at the rate of 3 ng/L of the tank water. In each experimental tank there were
30-35 clams at start of the experiment, Samples of water, sediment, clams and algae were drawn at time
intervals of G, 3, 5, 8, 24, 48 and 72 hours and then after 5, 7, 15, 30 and 60 days. Samples were freeze
dried and extracted with hexane In a Soxhlet extraction apparatus. "C-actlvlty was estimated using a
limjiU awiiUHatiuH counter (Packard 3255). Cxtrads wore further andycod by thin lay«r chremfttograprty-
autoradiographic procedures to study the degradation pattern of pesticides. Extracted samples were
subjected to combustion in a Biological Material Oxidlzer (Harvey lnstrumentsuuSA) to determine the
bound fraction. In another experiment using a continuous flow system, fate of *C-chlorpyrtfos and " c -
HCH was followed in a marine environment. This system permits a mass balance of uC-iabeiieo
pesticide. Etnoxyethanol traps are used to capture organic volatiles while KOH traps are uaed for
capturing "CG2. Polyurethane foam plugs are used to trap any other volaWes which may escape earlier
traps. '"C-chlorpyrifos and HC-HCH were applied to 50g marine sediment maintained under moist or
flooded conditions at the rate of l|ig/g Aliquot* of KOH and elhc/yethanol were counted at frequent
intervals. After a period of 40 and 85 days experiments involving respectively chlorpyrifos and HCH
were terminated, Sediittent samples were processed as described ebove.

14,
C-ODT: Distribution of DDT residues In various components uf ecosystem is presented in Figure 1.

FIGURE 1 Distribution of "C-DDT residues in a
marina ecosystem

Pwlod (Day»> P»/K>d (Clay*)

Clams recorded maximum residues after 3 days. Sediment analysis showed that 80-65% of the applied
radiolabelled residues were present throughout the period of experimentation. Product analysis revealed
that DDE was a major degradation product in dame while in sediments ODD was found to be a
significant metabolite. The latter observation is consistent with the anaerobic conditions In swJiment.
Algae showed maximum residues of 14C-ODT residues at 3 days, subsequently these residues
decreased.
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C - C h l O f p y r l T o s : nC-mass balance of HOchlorpyrifoe in a continuous flow system is shown In
Table 1. It is evident rrom tne table that thia inv>rtloide did not undergo mineralization under either moist
or flooded conditions. However there was extensive degradation under both the moisture conditions.
TCP (3,5,9-trichloro-2-pyrld!nol) was a mejor degradation product especially under moist conditions.

Table 1: " c -mass balance of 14C~chtarpyrifoa in a continuous flow system expressed ao %
of applied 14C-nc0vlty. (Applied 14C-*ctlvlty « 100%)

Sediment

Moist

Flooded

Organic
volatile)

PUF extracts

1.04±0.30

0.67±0.12

*COj

0.48i0,08

0.42+0 06

Extraclable

30.65+2.02

42.53+0 82

Bound

68.76*2.81

4Q.15±U0

Total

91.13

92.77

* C - H C H : Fate of UC-HCH (Haxachlorocydohexane) was studied in marine environment using a
continuous flow system. Extractable residues accounted for about 7 and 12% of the applied uC-activity
after a period of 3 months. There was substantial mineralization under both moisture conditions. Under
moist conditions 26-26% of the applied HC-activity was accounted as 14CO2 while under flooded
conditions the extent of 14CO2 liberated was about 20-22%.

Results presented here Indicate that the oroanochlorine pesticides like DDT and HCH undergo rapid
degradation in a marine environment under Indian conditions. This is consistent with some of earlier
results obtained in our laboratory in agricultural ecosystems [2, 3 & 4],

We sincerely acknowledge the whole hearted support of IAEA and Dr. F. Carvalho, CRP Project Officer.
IAEA-MEL in conducting this work under the CRP project (No. 7936/MC) on "DIstriDutlon, Fate and
Effects of Pestloidoe on Biota In the Tropical Environment".
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Organochlorine pesticides (OCs) and polychlorinated biphenyls (PCBs) were monitored in

samples of sediment and biota collected at the coast of North Vietnam during the rainy season

(August 1997). The sampling stations were: Tra Co Beach, near the Chinese border, Ha Long Bay,

a tourism area in the region, Haiphong port, Doson Oceanological Observation Station and Balat,

the estuary of Red River. The sampling methods and sample preparation procedures followed are

described in the literature [1]. Capillary column gas chromatography with ECD was used to

separate and quantify the chlorinated hydrocarbons in the samples [2]. Analytical quality assurance

included the analyses of marine Reference Materials (IAEA-140, IAEA-142) to determine the

accuracy and precision of the method.

Results of the sample analyses show that pesticides of the cyclodien group, e.g. aldrin,

dieldrin, endrin, were not detected in any sediment. The concentrations of

hexachlorocychlohexanes (HCHs) in sediments generally ranged between 1 and 4 ng g-1 dry weight

(DW), which are concentrations similar to those measured in flooded soils from rice fields in North

Vietnam [3]. These low concentrations suggest that cyclodien and HCH pesticides were not applied

in the North of Vietnam, and the HCH residues are likely to orginate from atmospheric depositions

derived from non-local sources. The highest concentrations of HCHs, 33.7 ng g"' DW, were

measured at Tra Co Beach and are likely due to the use of these compounds in the watershed of

Calong river, outside Vietnam. DDTs in sediments displayed higher concentrations, ranging from

6.2 to 10.4 ng g1 DW, with pp'DDE contributing for 70% of total DDTs. Concentrations of

aroclors 1254 and 1260 in sediments varied between 0.4-28 and 0.1-6 ng g'1 DW, respectively.
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Analyses of soft tissues of clams (Meretrix meretrix), gave results generally less than 2 ng g"

' DW for HCB and HCHs with the exception of Tra Co Beach where concentrations were much

higher. Concentrations of DDTs in clams were high in all stations, 12-23 ng g'1 DW, indicating

widespread environmental contamination of the coastal area by DDT.

The levels of OC pesticides and PCB residues in marine sediments and molluscs in the

studied area are generally comparable to those of other coastal marine areas in South East Asia

[4,5]. Although the levels of the majority of the persistent organic pollutants investigated are low,

the levels of DDTs indicate current use of this compound in the region. Therefore, control measures

on the use of persistent pesticides should be strengthened in order to reduce environmental

contamination.

This work was conducted with the support of IAEA Research Contract No. 7040/MC.
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Anthropogenic Radionuclides in Seawater of the Far Eastern Seas.
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N.K. Veletova
Japanese-Korean-Russian-IAEA Research Group.

Information that large quantities of radioactive waste, which included about 443 TBq of liquid
radioactive wastes and about 141 TBq solid wastes, have been dumped over the last three decades in the Far
Eastern Seas by the Russian Federation and the former Soviet Union was recently made public in the White
Book (1993) [1]. Major dumping of liquid radioactive wastes was carried out in 1986 in the north central
East Sea/Japan Sea. On the other hand, Japan and Republic of Korea dumped small amounts of solid
radioactive wastes (Japan: 15.1 TBq, Korea: surface dose rate of 0.1 to 46 mR/h). In order to assess possible
environmental consequences presently arising from these waste disposals, the Japanese-Korean-Russian
joint expeditions were carried out in 1994 and 1995 [2,3]. During the cruises, which investigated dumping
sites in the Far Eastern Seas (the Japan Sea, the Okhotsk Sea and the western North Pacific), large volume
seawater samples were collected to measure concentrations of anthropogenic radionuclides. We present
here results on concentrations of ^ 7 C s , ^^Sr and 239,240pu \n water and discuss the oceanic and
biogeochemical behaviors of ^^Cs, ^ S r and 239,240pu ;n the Far Eastern Seas.

Water samples were collected on board of the R/V "Okean", belonging to the Far East
Hydrometeorology Institute, Vladivostok (the Russian Federation). Surface water samples were collected
by a submersible pump. Deep water samples were collected using a 250 liter large volume sampler. All
water samples were filtered through a combined filtration assembly with fabric and paper filters ( cutoff of
1 |im pore size). Filtered seawater samples were stored after acidification by cone. HC1.

Seawater samples were divided into 4 subsamples which were sent to Japan, Republic of Korea, the
Russian Federation and the IAEA. Radioanalytical methods of ^ 7 C s , 90Sr and 239,240pu j n seawater
samples, used by each institute, are described in detail in the Joint Reports [2,3]. Several tens to hundreds
liters of seawater were used for determination of ^ 7 C s , ^ g r ^ j 239,240pu 137^s m seawater was
adsorbed onto ammonium molybdophosphate precipitates after acidification with cone. HC1 or HNO3. ™Sr
fraction was separated from seawater by the oxalate coprecipitation method. Plutonium isotopes were
concentrated as coprecipitates either with ferric hydroxides (Japan and Russia) or MnO2 (Korea and IAEA).

Counting of y-emitting radionuclides was carried out with high-resolution y-ray spectrometers.
counting was carried out with low background p counters after radioequilibrium between ^ST and
Both dissolved and particulate Pu were assayed using cc-spectrometers following radioanalytical separation.
All data in this report represent median values measured by 4 or 5 individual institutes. A full data set can
be found in the Joint Reports [2,3].

The 13 'Cs concentrations in surface waters in the Far Eastern Seas' dumping areas ranged between
1.8 - 3.6 mBq kg"' (an average of 3.1 mBq kg" 1), which is the same level as recent values found in no-
dumping areas of the North Pacific and marginal seas [2,3]. The ™Sr concentrations in surface waters
ranged between 1.1 - 2.0 mBq kg'* (an average of 1.8 mBq kg"'). The 9^Sr and '^7Cs concentrations in
surface waters of the Far Eastern Seas were homogeneous, although the lower surface concentrations were
observed in the Okhotsk Sea and the higher values occurred in the north central Japan

*Division of Research & Training, Japan Chemical Analysis Center, 295-3, San-no-cho, Inage, Chiba,
Chiba 263, Japan Sea. The 239,240pu concentrations in surface waters of the Far Eastern Seas ranged
between 2.4 - 25 uBq kg"', which showed large geographical variations; significantly higher values were
observed in the central north Japan Sea, whereas lower 239,240pu concentrations, ranging between 2.4 - 4.3
u.Bq kg"', occurred in the Okhotsk Sea .

Vertical profiles of '-^7Cs in the north central Japan Sea and the western North Pacific dumping
sites show a surface maximum, gradually decreasing with depth, whose pattern is similar to that observed in
previous studies [2,3]- However, the depth gradient of '^7Cs in the central north Japan Sea is smaller than
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that in the North Pacific. The vertical profiles of ™Sr in the corresponding sites were similar to that of
'3?Cs. These results imply that surface ^^Cs and ^ S r in the north central Japan Sea penetrated to deep
water more rapidly than in the North Pacific. The vertical profiles of 239,240pu m t n e cor-responding sites
show a surface minimum, mid-depth maximum and a gradual decrease with depth. The vertical profiles of
239,240pu m m e p a r Eastern Seas are similar to those observed in no-dumping areas of the North Pacific.
In contrast to ' ^ C s an£ | 90$^ t n e significant process responsible for the vertical Pu distribution in the
ocean is considered to be particle scavenging [2,3]- In this connection, particulate 239,240pu ;n s e a w a ter of
the Far Eastern Seas ranged from 1.1 to 13 % of the total, which means that Pu is one of the particle-
reactive elements, whereas particulate l ^ C s w a s less than 0.5 % of the total.

The ' 3 7 Q S concentrations in bottom waters of the Far Eastern Seas ranged from 0.59 to 2.0 mBq
kg' ' , the ""Sr concentrations ranged from 0.28 to 1.2 mBq kg"', and the 239,240pu concentrations in
bottom waters ranged from 7.0 to 28 uBq kg'l.

The activity ratio of 239,240pu/137(^s m tn e n o r th central Japan Sea increases with depth. The ratio
in surface waters is smaller than expected from global fallout, due to particle scavenging of Pu.

and '-^Cs, which would reflect recent dumping of liquid radioactive wastes, were not
detected in water samples collected in the north central Japan Sea [2,3].

The inventories of '^^Cs, ^ S r and 239,240pu m t n e north central Japan Sea and the western North
Pacific dumping sites are calculated from the vertical profiles of corresponding radionuclides based on
polynomial fitting. The inventories of ' ^ C s , ^^Sr and 239,240pu m t n e w a t e r column in the Japan Sea
dumping site are 5.8 kBq m'2, 3.0 kBq m"2 and 0.10 kBq m"2, respectively. The inventories of '-^Cs, 90$,.
and 239,240pu ,n m e w a t e r column in the western North Pacific are 2.0 kBq m'2, 1.0 kBq m~2 and 0.11
kBq m"2, respectively. Although the water column inventories of '-^Cs, 90§r ancj 239,240pu j n both sites

are in the ranges of accumulated deposition due to the global fallout, the ' ^ C s inventory in the Japan Sea
dumping site is significantly higher than that observed in the no-dumping areas of the North Pacific.

As a result of the survey of radioactive waste dumping sites by the first and second stage Japanese-
Korean-Russian joint expedition, including vertical and horizontal distributions of anthropogenic
radionuclides in the Far Eastern Seas, we have no definite evidence of the effect of radioactive waste
dumping by the former Soviet Union/the Russian Federation, Japan and Republic of Korea in water
columns, although unique oceanographic features of the behavior of radionuclides in the Japan Sea, the
Okhotsk and the western North Pacific have been found.

[1] White Book (1993). Yablokov, A.V., et al., Facts and problems related to radioactive waste disposal in
seas adjacent to the territory of the Russian Federation, Office of the President of the Russian Federation,
Moscow.

[2]Joint Report (1995). Investigation of Environmental Radioactivity in Waste Dumping Areas of the Far
Eastern Sea, Results from the first Japanese-Korean-Russian joint expedition 1994, Science and Technology
Agency, Tokyo, pp. 1-63 and cited therein.

[3]Joint Report (1997). Investigation of Environmental Radioactivity in Waste Dumping Areas of the Far
Eastern Sea, Results from the first Japanese-Korean-Russian joint expedition 1995, Science and Technology
Agency, Tokyo, pp. 1-56 and cited therein.
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Anthropogenic Radionuclides in Sediments in the NW Paciflc Ocean and its marginal
Seas

H.B.L. Pettersson, H. Amano, V.I. Berezhnoy, E. Chaykovskaya, V.B. Chumichev, C.S. Chung, J. Gastaud,
K.Hirose, G.H. Hong, C.K. Kim, S.H. Kim, S.H. Lee, T. Morimoto, A. Nikitin, K. Oda, P.P. Povinec, V.N
Shkuro, E. Suzuki, A. Tkalin, O. Togawa, N.K. Veletova, Y. Volkov, and K. Yoshida
Japanese-Korean-Russian-IAEA Research Group

In 1994-1995 two joint Japanese-Korean-Russian scientific expeditions were carried out in the
NW Pacific, Sea of Japan/EastSea and the Okhotsk Sea. The aim was to assess the contamination of
anthropogenic radionuclides as a result of radioactive waste dumping carried out during the last 3
decades in these seas. A total of 450 TBq of liquid waste and 265 TBq of solid waste has been disposed
of, mainly by the former Soviet Union and the Russian Federation [1] and to a lesser extent by Japan
and the Republic of Korea. In addition one area in the Okhotsk Sea where a '"Sr source of 13 PBq was
accidentally lost [1] was investigated.

Sampling of seabed sediments (and large volume sea water, reported in a separate publication)
was carried out at 14 sites within the dumping areas, 2 sites in the area of the ^Sr source and 6 sites
elsewhere in the seas, the last to reflect background conditions (Fig. 1). A detailed description of
sampling sites and the results obtained is given in the joint reports [3,4]. A modified Petersen grab
sampler (surface area 0.25 m2, sampling depth 10-15 cm) was employed for sampling. The samples
were split into two layers, 0-3 cm and 3-10 cm depth on average. For the radiometric analysis,
laboratories from Japan, Korea, Russia and IAEA-MEL each performed y(HPGe)- and radiochemistry
and a-spectrometric analysis on all samples. In addition, sediment cores were collected at 3 stations
(R1-R3), using a box corer (Ocean Instrument, Inc.), yielding cores down to 50 cm depth for
characterization of downcore radioactivity distributions and inventories. Analyses were performed at
laboratories in Korea and at IAEA-MEL.

50-

4.3 TBq

Fig. 1. Radioactive waste inventories and sampling sites.

The radionuclide inventories, derived from the grab sediment analysis, are shown in Fig. 2. The
spatial variations in ""Sr, l37Cs, 239240Pu and 24lAm inventories are large, almost 3 orders of magnitude
with 137Cs predominating. Such large variations are to be expected, primarily due to large differences
in water depth, but also due to differences in latitude, load of suspended matter and sediment mixing
properties and in some instances (e.g. station J3) due to strong water currents. For l37Cs a strong
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correlation with water depths was found. The inventories of ^Sr and 137Cs, except for the very shallow
waters, are only marginal compared to water column inventories found in the studied areas [2, 3],
which is expected for such radionuclides showing conservative behaviour in the water. However, the
239 240Pu and 24lAm inventories constitute a major part of the total inventories (up to 60%). Compared to
expected global fall-out deposition densities, the total "'Sr and 137Cs inventories are in good agreement,
whereas those for 239-240Pu and 24lAm show a surplus [2,3]. However, this is consistent with previous
observations in the Pacific Ocean, possibly due to additional input from close-in fall-out transported
from the Central Pacific Ocean.

In general, the sediment inventories from the sites in the dumping areas do not differ
significantly from the corresponding background sites. The analysis of 238Pu/239240Pu activity ratios
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Fig. 2. Radionuclide inventories in sediment sampled durir
the 1994-1995 joint Japanese-Korean-Russian
cruises in the Far Eastern seas.
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Fig. 3. Radionuclide activity profiles in a sediment core
from the central basin of the Okhotsk Sea

shows values typical of global fall-out delivery for all sites.
The activity profiles of '"Sr, l37Cs, 239240Pu and unsupported 210Pb from station R3 are shown in

Fig. 3. It displays profiles typical of deep sea areas in the Far Eastern seas [4]. By assuming a steady
state CRS model, a apparent sedimentation rate of 34 mg cm"2 y"1 was obtained, which agrees fairly
well with data from the basins of the Sea of Japan/East Sea [4]. For the shallow stations, Rl and R2,
the corresponding rates are about 210 and 115 mg cm"2y"', which is in accord with observations on
shelf areas [4]. However, the profile of l37Cs (and ^Sr, 23924OPu) does not match the input records of
global fall-out, possibly due to bioturbation, and post-depositional diffusion and migration of the
radionuclides.
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Radioactive contamination of the Northwest Pacific Ocean in 1993 -1996
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Results of "°Sr, l37Cs, and Pu isotopes contents in the water column, bottom sediment, and selected biota

were determined to investigate in the Northwest Pacific Ocean from 1993 to 1996.

Peter the Great Bay off the Vladivostok houses one of the nuclear facilities of Russian Far East. 23'-2*>Pu

activity varies from 0.2 to 1.5 Bq kg'1 in Peter the Great Bay. The activity ratios of 238Pu/"!U4OPu are about

0.02. These values are similar to those of bottom sediments in Korea Strait. 2M-24OPu activity in mussels

varied from 2.5 to 12.5 mBq kg1 dry tissue weights in the region, and those values are comparable to the

values observed in the other coastal marine areas.

In the East Sea Proper, l37Cs and ""Sr concentrations decrease with depth, and their concentrations in the

surface waters are ca. 1.91 and 2.96 mBq kg"1 for "'Sr and 137Cs, respectively. 23'-240Pu concentration peaks at

750m depth below the surface. The maximum concentration of "'•24OPu is 33.3 to 42.8 ^Bq kg1. The water

column inventories of l37Cs are 4004 Bq m"2 in the 3300m water depth (Japan Basin) and 2632 Bq m"2 in the

2200m water depth (Ulleung Basin). Water column inventories of 90Sr is 2095 Bq m"2 in the Ulleung Basin,

and these values are 2 times higher than that of the Equatorial Pacific (2°N, 137°E). The sedimentary

inventories of l37Cs are 0.03 Bq m"2 (Japan Basin) and 115 Bq m"2(Ulleung basin). The sedimentary

inventory of ^Sr is 86 Bq m'2 in Ulleung Basin. Most l37Cs are in the water column in Japan Basin (99.999%)

and in Ulleung Basin (97%). Most 90Sr are in the water column in Ulleung Basin (96%). The sediment

accumulate rate was determined (based on volcanic ash layer) and using 2loPb-derived sediment accumulation

rate is 11 and 22 mg cm'V"1 ' n Japan Basin and Ulleung Basin, respectively. The water column inventories

of 23<u*>pu ̂ g 9 9 ^ 6 7 gq m-2 m m e japan Basin and Ulleung Basin, respectively. These inventories are

about 2.5 times higher than observed in the Equatorial Pacific (2°N, 137CE). Nagaya and Nakamura (1981)

also observed earlier. 239-M0Pu contents in major zooplankton species are 0.01 to 0.08 Bq kg"' dry weight.

The sediment inventories of 23't24OPu are 17 and 45 Bq m'2 in the Japan and Ulleung Basins, respectively.

Sediment inventories of l37Cs and 239240Pu are very well correlated with those of sediment accumulation rate in

the sea. Most 239-2'f0Pu are still in the water column of Japan Basin (85%) and Ulleung Basin (73%),

respectively. Fluxes of particulate 239J40Pu are 387 and 243 mBq m"2 yr1 in the Japan and Ulleung Basins,

respectively, based on the time series sediment trap (PARFLUX Mark 7G) deployed close to the sea floor.

These values are similar to those of Panama Basin and a little higher than Equatorial North Pacific

(Livingston and Anderson, 1983). Using water column inventories (dissolved plus particulate) and average

deep sea particulate fluxes, the apparent residence times (inventory/flax) are 256 and 285 yr. Residence times

of Pu in the East Sea is about half of those in the North Pacific.

In the Yellow Sea, ""Sr and l37Cs concentrations are 2.5 to 2.9 mBq kg'1 in the eastern coastal waters and

2.7 to 3.8 mBq kg'1 in the Yellow Sea Proper, respectively. Concentrations of ""Sr and 239-24Opu are high in the

126



central part and low in the Jinagsu coastal area. The maximum penetration depth of 239iMOPu is consistent

with its 2l0Pb-derived sediment age. Sediment inventories of 23924OPu are low in the central part, distal

bottomset deposits of the submerged Yellow River delta in low sedimentation area; however, they exceed the

global fallout in the ancient deltaic deposit off Jiangsu coast. Sediment inventories of'"Sr and 239240Pu are

largely determined by the sediment accumulation rates in the Yellow Sea.

In the East China Sea, ""Sr concentration monotonously decrease from the north (2.9 mBq kg"' at 34o

30.8'N, mouth of the Yellow Sea) to the south (1.9 mBq kg"1 at 29°22.54'N). l37Cs and 239Pu concentration is

generally 2.7 mBq kg"1 and ca. 5 nBq Kg"1 .respectively. However, l37Cs (3.0 mBq kg"1) and 2M24OPu (7 ^Bq

kg"') concentration peaks at 32°N where is off the mouth of the Yangtz River. Mixed zooplankton samples

contains 0.15 Bq kg' of m24OPu.

In the Western Pacific Ocean (2-25°N, 132-137°E), "9J40Pu and ""Sr concentration are 2.3 to 4.7 ^Bq kg'1

and 2.1 to 3.1 mBq kg"1, respectively. At Equatorial region (2°N, 137°E), water column inventories of ""Sr

and W240Pu was 1064 and 27 Bq m"2, respectively.
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Figure. Sampling stations in 1993-1996.
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The Distribution of Natural and Bomb-Produced Radiocarbon in the Pacific
Ocean determined during the World Ocean Circulation Experiment

R. M. Key

Department of Geosciences, Princeton University, Princeton, NJ USA 08544

During the early 1990s, as part of the World Ocean Circulation Experiment, the most
ambitious radiocarbon sampling program ever attempted was carried out in the Pacific Ocean.
Both the number of stations sampled (-400) and the total number of samples collected (-8000)
were approximately an order of magnitude greater than the combined existing data set. During the
WOCE Pacific program, most of the deep waters were sampled using the old large volume tech-
nique followed by low-level p-counting while all of the upper waters were sampled using the new
small volume sampling technique and measurement by accelerator mass spectrometry. A total of
6 laboratories were involved - 3 sampling and 3 measurement.

Almost all of the WOCE Pacific radiocarbon measurements are now completed and
approximately 40% made public (Key, et al., 1997; Stuiver et al., 1997). After measurement, the
results are subjected to a strict quality control procedure. Once finalized, all of the results are sub-
mitted to the various WOCE data centers where they are merged with other hydrographic mea-
surements. Quality control checks carried out thus far on the new data set show no significant
difference between the two measurement techniques. Furthermore, in waters which are too remote
to have been contaminated by bomb-produced radiocarbon, the new data are compatible with
existing data.

Prior to WOCE, the GEOSECS program provided the only ocean wide survey of the
radiocarbon distribution. To first order, the new data support the GEOSECS results, however, the
data density provided by WOCE has allowed better definition of all of the distribution features
seen by GEOSECS and clearly identified numerous features that were totally missed by the prior
study. Specific, totally new discoveries include:

• Two apparent pathways for the southward return flow at mid-depth of North Pacific Deep
Water.

• Location of the North Pacific radiocarbon minimum significantly separated from both the
northern and eastern coastal boundary.

• Clear definition of the pathway of northward flowing bottom waters (Fig. 1).
Approximately 20 years lapsed between GEOSECS and WOCE. During that time the

radiocarbon spike which resulted from atmospheric nuclear weapons testing has had time to be
subducted from the ocean surface into the upper thermocline. These changes alone provide impor-
tant new information regarding ventilation processes in the Pacific. Changes in the South Pacific
are more dramatic than in the north for two primary reasons:

• Most of the weapons tests were carried out in the northern hemisphere.

• The South Pacific ventilation is accelerated due to strong communication with the circumpolar
circulation regime. Isopycnal surfaces which outcrop at high southern latitudes allow easy
access of the bomb signal into the interior.

In 1995 Broecker, et al. reported a method based on correlation with silicate to separate
bomb-produced and natural radiocarbon. The WOCE data set has demonstrated some problems
with this method and allowed the generation of an improved method.
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Figure 1: Near bottom radiocarbon distribution in the Pacific. The flow pathway of Antarctic origin waters toward
the western boundary is clearly shown by the contours. Only regions with a depth greater than 3500m are included.

The radiocarbon distribution, the bomb-produced distribution and the change in radiocar-
bon distribution between GEOSECS and WOCE all place strong constraints upon numerical
ocean models. Comparison of the new data with the models indicates that the models are moder-
ately wrong in many places and grossly in error in others. Thus far the largest differences are in
high southern latitudes where the models can be shown to have far too much vertical mixing.

Final quantitative evaluation of the above mentioned topics awaits the full Pacific data set,
however, all are clearly demonstrated qualitatively and graphically.
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AN INTEGRATED STRATEGY FOR BIOLOGICAL EFFECTS
MONITORING IN SCOTTISH COASTAL WATERS

R. A. Park
Scottish Environment Protection Agency, East Region, Edinburgh,
Scotland UK

The Scottish Environment Protection Agency (SEPA) is one of the main
players charged with statutory responsibility for protecting Scotland's natural
environment. SEPA's principal aim is to provide an efficient and integrated
environmental protection system for Scotland which will both improve the
environment and contribute to the Government's aim of sustainable
development. This is provided in the main by careful regulation of emissions
to atmosphere and aquatic environment, the management and disposal of
wastes and the control of radioactive substances. Our statutory powers stem
from the Environment Act 1995, a range of EC Directives and other
internationally agreed obligations.

An example of SEPA's integrated approach to environmental protection is
seen in the monitoring and research carried out in the tidal waters of south
eastern Scotland (Figure 1). Tidal Waters Section is a team of scientists with
expertise in marine chemistry, oceanography, modelling and marine biology.
Our monitoring programme is achieved using our survey vessel" Forth
Ranger" capable of surveying most of the controlled waters of south eastern
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Figure 1. Map of south eastern Scotland in relation to the UK
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Scotland. This comprises a 600km length of coastline to a three mile limit
which represents 4.5% of the total coastline of Scotland and 2.8% of that of
Great Britain.

This paper summarises SEPA's long-term programme of water quality and
biological effects monitoring and discusses the current environmental issues
affecting the condition of our coastal waters.

Biodiversity and biological effects
The measurement of biodiversity and habitat diversity play a central role in
SEPA's assessment of environmental quality providing an evaluation of the
quality of the environment. The fish community studies of the Forth estuary
have produced one of the best and most valuable datasets for any European
estuary. Since 1979 the pelagic and demersal fish populations have been
monitored in detail in relation to feeding relationships (Costa and Elliott,
1991), effects of habitat loss (McLusky et al. 1992) changes in relation to water
quality (Pomfret et al. 1991) and the importance of the estuary as an
overwintering and nursery area (Elliott et al 1990). The monitoring of fish
integrate the effects of general water quality, persistent pollutants, food-web
and habitat perturbation.

The intertidal and subtidal soft-sediment fauna are routinely examined in
relation to sediment chemistry and particle size. Large spatial and temporal
variations in macrofaunal abundance and species composition often occur in
response to natural gradients in salinity, suspended solids and sediment
stability (McLusky et al. 1993). Subtle community changes are used
particularly to evaluate the impact of organic waste from both sewage and
industrial discharges.

Eutrophication
Phytoplankton growth is monitored using a combination of automatic sensors
(moored sub-surface and towed) and ship-based sampling. This provides
detailed information on the spatial and temporal distributions of
phytoplankton species and blooms in relation to major point and diffuse
sources of inorganic nitrogen. This approach ensures an effective base-line of
information on the dynamics of phytoplankton and nutrients, against which
current and future eutrophication effects can be evaluated (Park 1995). Other
potential effects of nutrient enrichment are monitored, including the
occurrence of abnormal toxic phytoplankton blooms and excessive growth of
opportunistic macroalgae on beaches and intertidal mudflats.

To tackle the underlying causes of eutrophication SEPA uses its power of
regulation to control the nutrient content of discharges to controlled waters
and adopt environmental quality standards, particularly for nitrogen, in
coastal waters. Nitrogenous emissions from diffuse sources are limited at
their source by promoting Best Management Practices to the agricultural
community. This initiative includes the promotion of multi-purpose buffer
zones to reduce the run-off of pesticides and fertilizers into streams and
groundwater (D'Arcy et al. 1996).
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Water Quality
A long-term programme of water quality monitoring has been undertaken,
with effort centred on the Forth and Tay estuaries and the coastal embayment
of the Firth of Forth. This is aimed at assessing the quality of tidal waters in
relation to persistent, dangerous substances such as organochlorine pesticides
and heavy metals. The faecal contamination of coastal waters and shellfish is
routinely monitored using bacterial indicators against quality standards set
both by SEPA and EC Directives. The condition of the intertidal is also
investigated in relation to the incidence of contamination by sewage solids,
litter and stranded seaweed. As well as affecting the amenity value of the
shoreline, persistent litter influences the public's perception of.water quality
in coastal waters.

Sea water quality is also defined in terms of nutrient status, organic load and
suspended solids since these are considered the most important ecological
factors, related to sewage pollution, affecting our coastal waters (Read et
a/1982). Particularly in the turbid upper reaches of the Forth estuary,
dissolved oxygen concentrations can plummet as a result of low river flows,
warm temperatures and high biochemical oxygen demand (BOD). During the
summer both water chemistry and fish populations are routinely monitored
to ensure that water conditions are suitable for both resident and migratory
fish.

The measurement of contamination of sea water, sediments and marine
organisms is integrated with a programme of biological effects monitoring of
invertebrates, fish, macroalgae and plankton. This approach enables detailed
environmental impact assessments to be made relating to both point and
diffuse sources of pollution.
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METALLOTHIONEIN AS BIOMARKER OF MUSSEL EXPOSURE TO
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Presented are the results on the application of the inducible metal binding protein i.e.
metallothionein (MT) as a biomarker for the assessment of metal exposure of mussels
Mytilus galloprovincialis Lmk. The presented results are a novel approach, the first of this
kind applied in the monitoring of the selected Croatian Adriatic seawater areas. The
approach is intended as the amendment of the long-term monitoring programme of heavy
metals in the coastal seawater area, during which the metal body-burden in edible bivalves
is usually followed [ 1 ]. The attempt is made to get the additional and relevant information
on the biological response of the widespread, sessile and filter-feeding marine organisms
{Mytilus galloprovincialis), which are often used as the indicator organisms to monitor
metal pollution of the marine and the estuarine areas.

The sources of pollution and the fate of heavy metals in bivalves is followed by means of
the induced amount of metallothioneins (MTs), determined in different tissue types. The
biological effects of the available toxic metals, cadmium and mercury, are related to the
amount of MTs in the whole edible part, gills and the digestive gland of Mytilus
galloprovincialis. For that purpose highly sensitive chemical and biochemical methods for
metal and metallothionein content determination had to be developed and applied. In
accordance with the objective of the Symposium the results on monitoring the marine
pollution by means of MTs as a biomarker, isolated from the sessile, filter-feeding bivalves
are presented.

Sampling of indigenous M. galloprovincialis has taken place in January 1995 [2] and of
transplanted mussels over several months since October 1997. The locations for
monitoring purposes were selected at the urban and industrial center of Middle Dalmatia,
Croatia. The transplanted mussels were left and collected over several months close to the
outlet of the ex-chlor-alkali plant and at several distances, covering the area of the Kastela
Bay. The plant has terminated the production in 1990, but certain amount of mercury is still
present in the sediments. The sources of cadmium are dispersed and are of industrial and
urban origin. The physiological status of each stock of mussels has been followed by
means of the condition index.

The study has been focused on the isolation of metallothioneins from three different tissue
types and the determination of cadmium, mercury and MTs content in metallothioneins
fraction. The composite samples of mussel tissue were wet digested and subsequently
analyzed on cadmium and mercury content. Mass fractions of cadmium and mercury are
expressed on wet tissue basis (wfwCd and wfwHg). Cadmium content has been analyzed

by atomic absorption spectroscopy with the graphite atomizer (GFAAS). Total mercury
content in different mussel tissues has been determined with the cold vapor atomic
absorption spectrometry (CVAAS).
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The MTs were isolated from the cytosolic fractions after tissue homogenization in three
volumes of 0.02 M TR1S HC1 buffer (pH=8.6) by subsequent centrifugation at 30000xg for
40 minutes at 4°C. In order to remove the interfering high molar mass proteins, the
supernatant was thermally treated for 10 minutes at 70°C, and in addition centrifuged at
30000xg for 20 minutes at 4°C. The MT content has been analyzed by electrochemical
method in a differential pulse polarographic mode (DPP) on a hanging mercury drop
electrode (HMDE) [3]. Presented mass fractions of MT are expressed on wet tissue basis

The uptake of metals by the aquatic organisms occurs by two major routes, which involve
gills (in the case of dissolved forms) and the digestive gland (in the case of metals
associated with ingested material such as food or sediments) [4]. In invertebrate species
dissolved metals are most likely to be taken up by the gills, while the particulate metals,
ingested with food would be expected to bind first in digestive gland cells. The gills and
the digestive gland are mussel tissue involved in the process of metal uptake and
detoxification. The results obtained indicate that in different mussel tissues the mass
fraction of cadmium (wfwCd) decreases in the order:

DIGESTIVE GLAND > EDIBLE PART OF MUSSEL > GILLS
The ranges of wfwCd /10"6 at different sampling sites are:

for the digestive gland 0.28-0.49
for the whole edible part 0.11-0.18
for the gills 0.05-0.10

The content of MTs decreases in the same order as the cadmium content:
DIGESTIVE GLAND > EDIBLE PART OF MUSSEL > GILLS

The ranges of wfwMT/10'6 at different sampling sites are:
for the digestive gland 2844-4232
for the whole edible part 848-1248
for the gills 448- 642.

The mass fraction of cadmium (wf\yCd) inherent to MTs fraction decreases in the same

order as in tissue and as the MTs content:
DIGESTIVE GLAND > EDIBLE PART OF MUSSEL > GILLS

The ranges of wfwCd /10"6 at different sampling sites are:

for MTs isolated from the digestive gland 0.083-0.157
for MTs isolated from the whole edible part 0.034-0.067
for MTs isolated from the gills 0.016-0.020

The digestive gland of mussel M. galloprovincialis has both the highest inducibility and the
highest extraction efficiency for MTs. Cadmium content inherent to MTs amounts roughly
to one third of the overall cadmium content in the respective tissue. It is recommended that
the assessment of cadmium effect on mussels as indicator organisms should be performed
by measuring the MTs and metal content particularly in the digestive gland of M.
galloprovincialis. Based on our results with M galloprovincialis it might be concluded that
the uptake of particulate forms of cadmium (via ingested food, sediments) is more
pronounced than that of the dissolved cadmium forms. This conclusion needs further
investigation but the fact that the concentrations of dissolved cadmium in the water phase
do not reflect the burden of the sites might support this statement.

The mass fractions of mercury (wfwHg 10"6) in mussel tissues is strongly related to the
sampling sites nearest to the source of mercury pollution. The distribution is the following:

GILLS > DIGESTIVE GLAND > EDIBLE PART OF MUSSEL
2.69-3.00 1.77-2.80 1.50-2.35
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Even the use of mercury in the production process has terminated, the area around the
outlet of ex-chlor-alkali plant still represents a point source of mercury pollution. This
finding is supported with the gradient of mercury content in seawater as well as in mussel
tissue. Considering the Kastela Bay, the amount of mercury in the whole edible part of
mussels wfwHg 10"6 decrease from 2.35 to 1.50 and 0.074 as the distance from the outlet
of the ex-chlor-alkali plant increases. In the whole edible part of mussels, which originate
from the unpolluted areas of the Adriatic sea the mass fraction of mercury amounts (0.020
to 0.030)xl0"6 [5]. Our preliminary results indicate that the differences in the amount of
mercury in various mussel tissues are not so pronounced as they are for cadmium
distriburion. The dissolved chemical forms of mercury might be important for the observed
mercury pollution effects close to its point source.

Different partition of cadmium and mercury within the tissue of Mytilus galloprovincialis
indicate that the sources of pollution, physico-chemical forms and the fate of these two
toxic metals are different. Further study is needed to obtain additional data on basal levels
of MTs in target organs of M. galloprovincialis and on biological effects of cadmium and
mercury on these sessile and filter-feeding indicator organisms.
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Trisubstituted organotin compound as tri-n-butyltin (TBT) which are widely present as
antifouling paints are responsible for many deleterious effects to aquatic organisms. Although
several countries have restricted its use, the current contamination of sea water is still substantial in
a range of 0.3 to 2 nmol I'1 TBT in coastal and harbour of the Mediterranean area. TBT was
demonstrated to induce oyster shell abnormalities as early as 1974 (1-3), however, the mechanisms
of its action on calcification remain unknown (4). A possible target of these compounds was
thought to be the skeletal organic matrix. Indeed, the presence of organic matrix appears to be a
prerequisite step for the formation and growth of biominerals (5). Krampitz et al. (6) demonstrated
that the gelatinous substance contained in the chambers of TBT-induced malformed oysters
differed from the organic matrix of healthy organisms by having a lower proportion of aspartic
acid. To understand the mechanism of action of TBT on calcification, we investigated its effect
using microcolonies of scleractinian corals as a model of biomineralization. Such a model is
extensively used in our laboratories for both fundamental (7-10) and applied (11-12) purposes.

Since acidic amino acids are the most abundant amino acids in the organic matrix of
scleractinian corals (13), we used labelled aspartic acid as a tracer for organic matrix. Several
parameters were followed simultaneously: aspartic acid (14C-asp) and calcium (45Ca) uptake by
coral tissues, rate of protein synthesis, rate of organic matrix incorporation into coral skeleton and
rate of calcification (as measured by 45Ca incorporation). Figure 1 shows the kinetics of action of
10 |j,mol I"1 TBT on these parameters compared to controls. While TBT only weakly affected asp
and calcium uptake (results not shown), this compound dramatically reduced instantaneously the
synthesis of proteins and their subsequent incorporation into skeleton, and the calcification process
as measured by 45Ca incorporation into skeleton.
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FIG. 1. Effect of tributyltin (TBT) on 14C-asp incorporation into tissue (A) and skeletal (B)
proteins and 45Ca incorporation into coral skeleton (C). • : control, O: 10 (imol I"1 TBT. TBT was
added at time 0. Results are expressed as fraction of total radioactivity initially present in the
external medium (expressed as %c) related to the protein content of the sample. Values are means ±
S.D., n = 3.

A dose-response of TBT effect showed that the most sensitive process to TBT was protein
synthesis (IC50 = 0.2 |imol I'1), followed by skeletogenesis (IC50 = 3 |imol I"1) and calcium uptake
by coral tissue (IC50 = 20 jimol I"1)- These results suggest that the primary target of TBT could be
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protein synthesis. To test this hypothesis, the action of TBT was compared with that of the protein
synthesis inhibitor, cycloheximide. We tested the effect of TBT and cycloheximide, either alone or
in combination, on protein synthesis and incorporation into skeleton and calcification. TBT was
used at 1 jimol I'1, a concentration which allows an incomplete inhibition of protein synthesis.
Results shows that their effect was in no case additive, suggesting a common target.

These results suggest that the primary target of TBT in calcifying animals could be protein
synthesis whose inhibition led to inhibition of organic matrix formation and consequently reduced
skeletogenesis.
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ECOTOXICITY STUDIES IN JAMAICAN ENVIRONMENT I. TOXICITY,
BIOACCUMULATION, ELIMINATION AND TISSUE PARTITIONING OF

ETHOPROPHOS BY THE FISH TILAPIA IN BRACKISH WATER MICROCOSM.

DWIGHT E. ROBINSON AND AJAI MANSINGH
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Department of Life Sciences, P.O. Box 12,

The University of the West Indies, Mona
Kingston 7, Jamaica.

Widespread use of insecticides in Jamaica has contaminated its surface, ground and coastal waters
[1]. Studies on the fate of two widely used insecticides, endosulfan [2] and ethoprophos [3]
revealed that up to 30% of the residues may run-off from mountainous slopes in the watershed
with frequent rainfall, causing undetermined ecotoxic effects. The present study was, therefore,
conducted on the toxicity of ethoprophos to the fish Tilapia, involving the uptake, degradation
and elimination of the residues by the fish.

Sexually mature red hybrid tilapia (T. mossambica x T. nilotica), 10 - 13 cm long, were exposed
to different concentrations of ethoprophos (10G) for 72 hr in aquaria with 15 L of brackish water
(15% salinity). The water was constantly aerated and food was provided daily. Each experiment
had three replicates of 15 fish each.

The uptake of ethoprophos was studied by exposing 15 fish in each of three replicates to 1 mg/L
or 4 mg/L of insecticide. At regular intervals, two fish from each replicate were removed, rinsed
in distilled water twice, patted dry with paper towels, weighed and frozen for residue extraction.
Elimination and tissue partitioning of residues were conducted on fish exposed to 4 mg/L of
ethoprophos for 24 hr. One set offish was sacrificed for obtaining different organs while the other
was exposed to uncontaminated water for 72 hr. At regular intervals, two fish from each of the
three replicates were removed, weighed and frozen as described earlier. Frozen fish or tissue
samples were thawed and homogenized in petroleum ether. Residues were partitioned in
acetonitrile and cleaned using florisil according to the method described by Robinson and
Mansingh [4], Residues were determined by a Shimadzu 9A gas chromatograph equipped with
a FPD. Analytical conditions were: glass column, 1.6 m by 2 mm packed with OV-17; carrier gas,
nitrogen, at a flow rate of 30 - 35 mL/min; temperature settings: column 250°C, injector and
detector 280°C. Detection levels ranged from 0.001 - 0.002 ng, recovery ranged from 75.8 -
80.4% and reproducibility of results was 95.5 ± 1.5%.

The non-observable toxic effect concentration (NOEC) and least observable toxic effect
concentration (LOEC) were 1 and 4 mg/L, respectively, of ethoprophos. The LC50 was 8.41 mg/L
(b = 4.141 ±0.934).

Bioaccumulation of ethoprophos was significantly (P < 0.05) faster from LOEC than from NOEC
(Fig. 1). However, at both concentrations, maximum (74% of the total 72-h bioconcentration of
ethoprophos) occurred during the first hour of exposure. Bioconcentration continued at a more
moderate rate for the next 11 hr to reach a high of 3.3 ug/g before declining slightly during the
next 36 hr. Concentrations in the aquarium water fell steadily from 1.3 mg/L to 0.7 mg/L during
the 72-hr period. The BCF value was 2.5.

139



Fish which were transferred to uncontaminated water after 24 hr. of exposure to LOEC eliminated
82% (12.9 ug/g) of the initial concentration of ethoprophos in the first 12 hr, and a further 4%
during the next 60 hr (Fig. 1). No metabolites were detected. The order of partitioning of
accumulated insecticide in different tissues was gonads > liver > gut > gills > SMB (Fig. 2).

The low BCF of ethoprophos and rapid elimination of the accumulated residues by Tilapia
suggest that the insecticide may pose only limited danger to the fish, particularly since the LOEC
levels are unlikely to be reached in the environment.
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Fig 1: Bioaccumulation of ethoprophos by hybrid
Tilapia non-observable and least-observable toxic
effect concentration under steady state conditions.
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Fig 2: The partitioning of accumulated ethoprophos
in body tissues of hybrid Tilapia after 24 hr of
exposure to least observable toxic effect concentrations.
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MARINE RADIOACTIVITY ASSESSMENT OF MURUROA AND FANGATAUFA
ATOLLS

P. P. POVINEC
Marine Environment Laboratory, International Atomic Energy Agency, Monaco

This paper presents a summary of the marine measurement programme conducted in
the framework of the IAEA's project "Study of the Radiological Situation at the Atolls of
Mururoa and Fangataufa" [1]. The terms of reference included a review of the data provided
by the French authorities on radionuclide distributions in the littoral (shoreline) and sub-
littoral (offshore) environments of the atolls. The objective was also to conduct sufficient
new independent monitoring at and around the atolls to evaluate the existing French data and
provide representative and high quality data for radiological assessment purposes. This work
included measurements of the current radionuclide concentrations in the marine environment,
and estimation of concentration factors and Kd values appropriate for the region. The
variations in activity concentrations in the lagoons over the past few years are discussed, and
the likely sources of activity implied by these data are identified where possible.

The aquatic sampling campaign at Mururoa and Fangataufa took place from 1 to 27
July 1996. Its aim was to collect relevant and comparable samples of water, biota and
sediment from the lagoons of the atolls, and from the surrounding ocean. The results
obtained, combined with earlier IAEA intercomparison data [2], were used to evaluate the far
more comprehensive data from the monitoring programme instituted by the French
Government.

All samples were collected in triplicate: one set for the Study team, one for the French
team and one for the IAEA archives. The 33 water samples were pretreated in laboratories at
Mururoa to reduce the volume by about a factor of 20. All biota samples collected in the open
ocean and in Mururoa lagoon were freeze-dried after dissection. The samples from
Fangataufa were transported in ice boxes, due to the limited time available for freeze-drying
at the Mururoa laboratory. All sediment cores were split into slices to be further treated in the
marine network laboratories. Grab samples of sediment were analysed as bulk samples.

Underwater gamma spectrometry was used to locate the areas of the Mururoa and
Fangataufa lagoons with the highest levels of residual activity in bottom sediments. The
roughness of the lagoon bottoms did not allow towing of benthic devices, so the
measurements were carried out on a discrete network of points, crossing the areas of highest
residual activity identified using French data. The underwater gamma spectrometry results
were used to guide subsequent sample collection. This proved to be an efficient way to
identify the areas of highest contamination on-site, which would otherwise have required a
time-consuming sequence of sampling, sample preparation and counting.

The total number of samples requiring analysis was over 300. In order to limit the
analysis period, and with the aim of keeping the project transparent and international, the
analyses were performed by a network of marine laboratories. Six national laboratories with
proven technical competence and geographically representative of IAEA Member States,
together with IAEA-MEL, were chosen to carry out the complex analyses of samples.

On the basis of extensive sampling, seabed gamma spectrometry, laboratory analyses,
data evaluation and comparison with French data, the following conclusions can be drawn:

(a) Generally, there was reasonably good agreement between the results obtained by the
Study team and data from the French monitoring programme.
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(b) A decline in radionuclide concentrations with time was observed at some sites
compared with the earlier French data.

(c) The largest radionuclide inventories in Mururoa lagoon were those of 239+240pu (i 8 TBq)
and 238Pu (3.3 TBq) in bed sediment. 24lAm, 137Cs, 15SEu and 60Co each contributed only
about 0.5 TBq. For comparison, the inventory of the naturally occurring isotope 40K in
the lagoon water is 56 TBq.

(d) The plutonium isotopes in sediment also represented the largest radionuclide inventories
in Fangataufa lagoon, with 7.4 TBq 239+240pu and 2.9 TBq 238Pu. 241Am, l55Eu, 60Co and
137Cs contributed between 0.2 and 0.4 TBq.

(e) There was evidence for a contribution from underground sources to 3H and 90Sr
concentrations in the lagoons.

(f) The estimated radionuclide release rates from Mururoa lagoon into the open ocean are
5100 GBq/y of 3H, 18 GBq/y of 90Sr, 6.4 GBq/y of 238+239+240Pu and 5.7 GBq/y of 137Cs.

(g) The estimated release rates for Fangataufa lagoon into the open ocean are 560 GBq/y of
3H, 8.6 GBq/y of 90Sr, 5.3 GBq/y of 137Cs and 4.6 GBq/y of 238+239+240Pu.

(h) Radionuclide concentrations in biota were low and consistent with data from the 1995
IAEA intercomparison exercise [IAEA, 1995] and the French monitoring programme.

(i) Distribution coefficients (Kds) derived from measured radionuclide concentrations in
water and sediment from both Mururoa and Fangataufa lagoons (excluding hot spots)
were within the range of IAEA recommended values [3].

(j) Concentration factors (CFs) for caesium and plutonium in plankton, fish and molluscs
sampled in Mururoa, Fangataufa and the open ocean were within the ranges reported in
an IAEA document [3] except for plutonium in plankton and molluscs where higher
values (by up to a factor of three) were derived from direct measurements in this Study.
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INVASIONS OF MARINE ORGANISMS AND THE DISTRIBUTION OF
PATHOGENS WITH SHIPS' BALLAST WATER - IMO ACTTVmES TO
MINIMIZE THE RISKS
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Water taken as ballast onboard vessels may contain all life stages of aquatic
organisms, including dormant stages (cysts) of algae and pathogens, e.g., the
bacterium Vibrio cholerae. After discharges of ballast water and associated
sediments, taken onboard as suspended material with the water, the organisms
may settle as "alien species" in new regions of the world, thus being in
competition with indigenous flora and/or fauna, where they might cause
tremendous damage, either economically or in regard to the original
biodiversity. Cases of such introductions of alien species have increasingly
been made known since the early 1970s; these occurred due to faster ships and
accordingly shorter time lapses between loading and unloading, resulting in
higher survival rates of organisms taken onboard with the ballast.

A number of countries, facing damage caused by invading new species,
requested the International Maritime Organization (IMO) to take action with a
view to mini mi Ting the risks of introducing harmful species and pathogens
through discharges of ballast water from ships. Numerous cases were
described in supporting the need for action. Such cases included the following:

the introduction of the European zebra mussel (Dreissena
polymorpha) in the North American Great Lakes, resulting in
expenses of millions of dollars per year for pollution control
and cleaning of fouled underwater structures and waterpipes;

the introduction of the American comb jelly {Mnemiopsls
leidyi) to the Black and Azov Seas, causing the near extinction
of the anchovy and sprat fisheries;

the introduction of the Japanese brown kelp (Undaria
pinnattfida) to Tasmanian waters, having detrimental impacts
on the abaione and sea urchins fisheries;

the introduction of the South-East Asian dinoflagellates of the
genera Gymnodinium and Ahxandrium to Australian waters,
which cause Paralytic Shellfish Poisoning; and

the introduction of the Vibrio cholerae in Latin American
coastal water, probably through discharges of ballast water
from Asia, which seriously threatened the health of thousands
of people after consumption of seafood from affected areas,

In 1993 the IMO Assembly adopted a resolution providing guidance on how
the introduction of harmful species with ballast water may be avoided.
However, only a few Member States of IMO used the guidance in developing
national management and control measures.
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However, in light of increasing demands, as expressed in UNCED's Agenda 21,
i.e., that IMO shall develop legally binding provisions regarding ballast water
management, preferably in the form of a new Annex to the MARPOL 73/78
Convention, this topic is being considered by IMO's Marine Environment
Protection Committee (MEPC) as one deserving high priority. Since 1994 a
working group has been developing a set of regulations on ballast water
management for incorporation in the MARPOL 73/78 Convention, These will
be supplemented by "Implementation Guidelines", that is a "tool box" offering
advice on treatment and control measures, as well as on how to establish
administratiYe mechanisms and instruments.

In 1997 the IMO Assembly adopted anew resolution (A.868(20)) to bridge the
time gap until the regulations that are being prepared for consideration and
adoption by a Diplomatic Conference planned to be convened in the year 2000,
enter into force. This might be ten years after their adoption by the Diplomatic
Conference, At the same time, the Global Environment Facility (GEF)
provided a grant to prepare for a project which should assist less developed
countries to develop risk assessment models as well as to provide for the
necessary analytical and control machinery necessary for port State controls.
This project will be linked to the European Union concerted action "Testing
Monitoring Systems for Risk Assessment of Harmful Introductions by Ships to
European Waters".

The Ballast Water Guidelines adopted in 1997 through IMO resolution
A. 868(20) provide a framework for flag States and port States as a basis on
which they should build their national requirements, thus aiming at the
establishment of a globally applicable management system. Shipping is a
global activity regulated by IMO and any measures taken by States should be
based on standards developed through IMO Conventions. IMO resolution
A. 868(2) outlines tasks to be carried out in this respect by national maritime
administrations, and provides for specific guidance to port State administrations
and to those of flag States, as well as to the marine industry and to IMO.
Whilst a number of physical and chemical ballast water treatment measures
have been tested, no economically viable and single method has yet been found.
This leaves the ship's Master still with a single option, currently widely
promulgated, i.e., the exchange of ballast water at high seas, where physico-
chemical parameters differ distinguishably from those of near-shore, estuarine,
and port or harbour sites. However, bad weather conditions might prevent a
ship from exchanging ballast water, and specific guidance for such cases has-
been developed and included in the recently adopted IMO resolution.
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RADIONUCLIDE CHARACTERIZATION AND ASSOCIATED DOSE FROM LONG-
LIVED RADIONyCLIDES IN CLOSE-IN FALLOUT DELIVERED TO THE MARINE
ENVIRONMENT AT BIKINI AND ENEWETAK ATOLLS

William L. Robison and Victor E. Noshkin
Lawrence Livermore National Laboratory (LLNL), Livermore, California USA

Enewetak and Bikini Atolls are located about 11° N and 162° and 165° E, respectively, in the
Marshall Islands. These two sites in the northern Marshall Islands were used by the United
States as testing grounds for nuclear devices beginning in 1946. At Enewetak, 19 of the 43
tests were made from barges anchored in the lagoon. The remaining tests included 2 air
drops, 2 underwater tests, 7 ground surface tests and 13 tests with devices fixed to towers.
Bikini Atoll was the first U.S. nuclear test site in the Pacific, and most of the 23 tests

-conducted at Bikini were detonated on barges anchored in the lagoon or on the reef. Two
tests were air drops, one was underwater and three were ground surface explosions. This
testing produced close-in fallout debris that was contaminated with quantities of radioactive
fission and particle activated products, and unspent radioactive nuclear fuel that entered the
aquatic environment of the atolls. The radionuclides deposited to the lagoon water either
settled rapidly to the bottom sediments or remained as dissolved or particulate-associated
species in the water and were eventually discharged to the ocean. The U.S. moratorium began
on 31 October 1958 and marked an end of all nuclear testing at the atolls.

The lagoon sediments of Bikini an Enewetak lagoon are found at a mean depth of
46 ± 1 meter below the water surface. These exposed deposits at Bikini and Enewetak
currently are a reservoir for more than 100 and 50 TBq, respectively, of Plutonium-293+240
(239+24OPu) with lesser amounts of Americium-241 (241Am), Plutonium-238 (238Pu) and other
long-lived fission and activation products such as Strontium-90 (90Sr), Cesium-137 (l37Cs),
and Bismuth-207 (207Bi) to name a few. Radionuclides with half-lives less than 6-10 years
such as Cobalt-60 (60Co), Rhodium-101,102m (101,102mRh), Antimony-125 (125Sb), and
Europium-155 (l55Eu) have essentially disappeared from the sedimentary environment of the
lagoon through radioactive decay. The concentration of the long-lived radionuclides varies
around the lagoon, but generally highest levels are associated with fine and coarse carbonate
materials adjacent to the locations of the larger explosions. The radionuclides are also
distributed vertically in the sediment column to various depths and degree in all regions of
the lagoon.

240Pu,241 Am, ^Sr, 137Cs and other fission and activation products at greater than
fallout background concentrations are also found in the water sampled from all locations
throughout the lagoons during all periods sampled between 1972 and 1995. This is a direct
indication that the radionuclides are continuously mobilized to solution from the solid phases
in these environments. For example, the variations between the average soluble
concentrations of 239+240Pu determined from samples obtained during a 20 year period, are not
at this time considered significant. The assumption is made that the standing average amount
of plutonium in the lagoon water mass at any time, is constant. Stated differently, steady state
conditions have been established for 239+240Pu partitioning from the sedimentary reservoirs to
solution. These quantities in the lagoon water mass represent <0.1% of the sediment
inventories determined to a depth of 16 cm at each atoll. Mobilization of 239+24Opu from
marine deposits is a slow, but nevertheless real process.

The mobilized 239+240Pu at Enewetak and Bikini has solute-like characteristics and
different valence states coexist in solution. The largest fraction of the soluble plutonium is in
an oxidized form (+V or VI). Quantities associated with suspended particulate material and
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sediments are predominately in the reduced state (+III or IV). The sorption-desorption
process is not completely reversible because of changes that occur in the relative amounts of
the mixed oxidation states in solution with time. The oxidized forms of 239+24Opu in solution
have a lesser tendency to associate with sedimentary or particulate material than reduced
plutonium. Complexation after mobilization also affects the resorption rate.

Also of particular importance is the fact that these long-lived radionuclides are
accumulated to different levels by indigenous aquatic plants and organisms that may be used
as food by people. Hence a major effort was devoted to dissections and analysis of the edible
muscle tissue from a variety offish [1]. Other studies were made to evaluate the variability of
radionuclides in families of fish, define the major tissues or organs where radionuclides were
concentrated by fish, develop concentration factors, and assess the effective half time for
some of the radionuclides using the resident non-migratory reef fish as indicators of
environmental change.

The estimated radiological dose from consumption of marine foods at Enewetak and
Bikini Atolls is less than 0.1% of the total estimated 30 year integral effective dose from all
exposure pathways [2,3]. The large existing inventories of 239+240Pu and 241Am were directly
dispersed into the marine environment and not encased in drums, glass or any other form of
containment. In spite of these large, dispersed, exposed transuranic radionuclide inventories,
they contribute very little to the total estimated dose from marine foods. The total
radiological dose from the marine pathway is dominated by the natural radionuclides
Polonium-210 (210Po) and Lead-210 (210Pb). The contribution of man-made, bomb-related
radionuclides (137Cs + 239+240Pu) is about 0.2% of the total dose estimated for the marine food
chain (Table 1).

Table 1. Comparative dose from naturally occurring 210Po/210Pb and bomb related
239+240Pu and f37Cs from fish from Enewetak lagoon.8

Natural 210Po 0.26 mSv over 50 y
Natural 210Pb 0.029 mSv over 50 y
Total 210Po + 210Pb -0.29 mSv over 50 y
Bomb related 239+240Pub 0.000045 mSv over 50 y
Bomb related 137Cs 0.005 mSv over 50 y
a Based on the same intake of fish for both 210Po and 239+240Pu calculations and the latest

ICRP dose conversion factors.
b Based on a gut-transfer factor of 5 x lO"4.
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2 4 t W 3 9 P u ISOTOPIC RATIOS AND 239+J4Opu TOTAL MEASUREMENTS IN SURFACE AND DEEP
WATERS AROUND MURUROA AND FANGATAUFA ATOLLS COMPARED WITH RANGIROA
ATOLL (FRENCH POLYNESIA)

R. CHIAPPIN1. J.C. MILL1ES-LACROIX, G. LE PETIT, F. POINTURIER
Departement Analyse et Surveillance de I'Environnemenl, CEA, Direction des Recherclies en Ue-de-France. Bruyeres-le-Chatel, France

Two water columns have been sampled in 1996 and measured for :4OPu/2WPu isotopic ratios and total
24O j - i r s ( prQjjjg w a s ioca te (j c i o s e t 0 Rangiroa and the second between Mururoa and Fangataufa (Fig

1). In Rangiroa, sixteen 550 litres samples were collected. The maximum depth was 2300 metres. In Mururoa
and Fangataufa atolls, six different depths were sampled, 300 litres each, on the same profile with a maximum
depth of 1900 metres. Beside, 3 surface samples and 6 deep samples were also collected in 3 other zones.

Figure 1 : Map of French Polynesia

Rangiroa activity concentration of 239i240Pu is of order of 1-2 mBq/m3 in the first 200 metres (Fig. 2). Then
it increases quickly to a maximum value at 500 metres (9 mBq/m3), before decreasing quite quickly down to
1000 metres (4 mBq/m3), and more slowly after (below 2 mBq/m3 at 2300 metres). This typical plutonium
profile is generally observed in world oceanic waters with a maximum activity between 500-1000 metres
[1][2][3][4]. Former Polynesian profiles obtained by our laboratory showed usually a maximum activity near
600 metres depth [5] [6]. In four samples, corresponding to the greater values of2 9l24OPu, in which 238Pu was
superior to the detection limit, the 2 8Pu/239'240Pu activity ratio lies between 0.14 and 0.22 (usual values for
these latitudes). This leads to the conclusion that plutonium in those water samples could mainly originate
from global fallout (atmospheric tests and SNAP).

In Mururoa and Fangataufa zone, vertical distribution shows similar changes with depth but with higher
concentrations (Fig. 2). The 239-240Pu surface concentration is of order of 2-5 mBq/m3, then it reaches a
maximum value at 800 metres (11 mBq/m3), before decreasing quite quickly up to 1000 metres (6 mBq/m ),
and more slowly after.

The 239+24OPu slithtly higher concentration in Mururoa and Fangataufa could be attributed to lagoon waters,
having a higher 239i24Opu concentration, carried out by the passes [7].
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Figure 2 : Depth distribution of 239lM0Pu in the Pacific Ocean in 1996
Graph 1 : taken ofTRangiroa atoll [14°47'S ; 147°05'W ; bottom depth 2600-2700 m] in the Tuamotu Archipelago
Graph 2 : Mururoa and Fangataufa zone in four locations (distances from the correspondant atoll pass)

As it is desirable to be able to distinguish among the various sources, particularly distinguishing local sources
from global fallout, 24OPu/239Pu isotopic ratios measurements have been carried out in our laboratory, using a
high-sensitivity Inductively Coupled Plasma Mass Spectrometer. That machine has been developped for very low
concentration measurements. The best detection limit, achieved using a high efficiency desolvating nebulizer is
of the order of a few femtograms in real matrices [8]. That performance gives access to plutonium isotopic ratio
measurements in oceanic waters if an efficient separation procedure is carried out prior to the measurements in
order to minimize uranium concentrations.

24oPu/239Pu isotopic ratios resulting from french sources are well known as they have been measured in
Mururoa and Fangataufa sediments [9]. Results from Fangataufa are reported in table 1. In french nuclear tests
sites sediments, measured 24OPu/239Pu mass ratios never exceed 5,8 %. Measurements carried out in biota and rain
waters confirm those levels. As 24OPu/239Pu mass ratio on a global fallout is considered to be 18 % [10] and
sometimes even more [l][l I], distinction from the various sources is made possible through ratios comparisons.

Sediment
number

17
18
19
20
21
22
23
24

Mean value

23^24Opu

(Bqkg1)

8.3+0.4
11.4 + 0.4
27.0 ±1.0
68.9 ±2.3

128 + 5
132 ±5
148 ±5
190 ±9

^Pu/^Pu
activity ratio

0.179 ±0.021
0.173 ±0.024
0.190 ±0.020
0.182 ±0.012
0.182 ±0.012
0.186±0.011
0.185 ±0.012
0.190±0.014

0.183 ±0.010

^Pu/^Pu
mass ratio

0.0489 ±0.0058
0.0473 ± 0.0066
0.0519 ±0.0055
0.0498 ± 0.0033
0.0498 ±0.0033
0.0509 ± 0.0030
0.0506 ±0.0033
0.0519 ±0.0039

0.0501 ±0.0026

Table 1 :24OPu/239Pu activity and mass ratios in sediments originating from Fangataufa lagoon
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LAGOON SEDIMENT RADIOACTIVITY IN POLYNESIAN FRENCH NUCLEAR TEST SITES

J.C. MILLIES-LACROIX, R. CHIAPPINI, G. LE PETIT
Dtpartement Analyse et Surveillance de I'Environnement, CEA, Direction des Recherches en lle-de-France, Bruyeres-le-ChStel, France

Mururoa and Fangataufa atolls, in French Polynesia, were selected for atmospheric testing (from 1966 to
1974) and underground testing (from 1976 to 1996). In these atolls, man-made radioactivity results essentially
from the four barge tests which took place in 1966 and 1967, a few metres above the lagoon surface, and to
various safety tests.

Three barge experiments were conducted at Mururoa, in the western zone of the atoll (Dindon) for Sirius and
Aldebaran and in the northern zone (Denise) for Arcturus. The fourth was experimented in the central
southeastern zone (Fre'gate) of Fangataufa for Rigel. Due to the low elevation of the firing point, the fireball
interacted with the lagoon bottom (at a depth of about 40 metres), resulting in deposits of fissile material and
fission or activation products in the sediments.

In subsequent atmospheric tests, the devices were suspended from balloons above the lagoon in the same
zones. Their effects on the near environment were considerably reduced because of the increased firing point
elevation (several hundred metres) which eliminated major interactions between the fireball and the lagoon.

During the same period, safety experiments conducted on the coral bedrock in the North of the Mururoa atoll,
near the Denise zone, resulted in a localized deposit of plutonium on the ground and in the lagoon. These tests
did not generate any nuclear energy, therefore no fission or activation products resulted. After each test,
radioactive contaminants deposit on the ground was either removed or sealed off by asphalting. The affected
terrestrial zone were cleaned up from 1981 to 1987. The only radioactivity remaining to date is found in a sand
bank (Colette bank) bordering the former safety experiment zone.

From 1976 to 1996, the testing was performed underground, thereby no significant radioactivity has been
added to lagoon sediments.

Lagoon sediment radioactivity is found mainly at the four locations mentioned above. Man-made
radioactivity in the sediments is essentially due to ^ Pu. The other radionuc tides detected, as listed in order of
decreasing radioactivity, are a8Pu, 155Eu, M1Am, aCo, l37Cs and l25Sb. Figure 1 and Figure 2 show ^ u
concentration in Mururoa and Fangataufa top-layer sediments.The radiological maps presented here were based
on the results of sampling campaigns undertaken from 1984 to 1990 in these zones [1]. More one hundred top-
layer sediments (top five centimetres) were sampled in each above locations. They were supplemented by cores,
including some down to 5 m depth, to plot the vertical profile of radioactivity concentration in the sediments.
Outside these locations, near five hundreds top layer sediments, supplemented by cores, were also sampled.

(Bqfcg dry weight)
<20

20- 50
50- 100

100- 200
200-1000

> 1000

Fig. 1 :239-24OPu concentration in Mururoa top-layer sediments (on 01/09/97)
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concentration in Fangataufa top-layer sediments (on 01/09/97)

More recently, 24OPu/239Pu and 238Pu/239Pu activity ratios measurements have been carried out by a-
spectrometry and ICP-MS techniques on 27 top-layer sediments sampled in 1993 and 1995 in Mururoa and
Fangataufa lagoons. Later results from Mururoa are reported here in Table 1.

Location
code

A 06
G05
J32
L32
0 4 1
P27
S 15
U24
Z25

B 9Pu
(Bq/kg d.w.)

9.04 ± 0.68
96.3 ±3.7
25.1 ±3.8
69.9 ± 4.7

143 ± 7
17.0 ± 1.0
9.4 ± 1.2
17.1 ± 1.9
40.9 ±0.7

^ P u / ^ P u
activity ratio

0.152 ±0.023
0.136 ±0.028
0.102 ±0.030
0.133 ±0.021
0.104 ±0.041
0.109 ±0.012
0.110 ±0.030
0.107 ±0.020
0.119 ± 0.010

^ P u / ^ P u
activity ratio

0.221 ±0.040
0.145 ±0.030
0.113 ±0.030
0.237 ± 0.046
0.283 ± 0.052
0.288 ±0.061
0.277 ± 0.084
0.281 ±0.071
0.203 ± 0.025

Ta : Plutonium concentrations in Mururoa top-layer sediments sampled in 1995
(front Western zone [A 06] to Eastern zone [Z 25])

According to location, 24OPu/239Pu activity ratio ranges between 0.10 to 0.15 in Mururoa. This activity ratio is
stable at 0.18 in Fangataufa. 238Pu/239Pu activity ratio ranges between 0.3 to 0.5 (effect of Rigel test) in
Fangataufa. In Mururoa, this ratio varies more widely, between below 0.01 in the Northern zone (effect of safety
tests) to nearly 0.6 in the Western zone (effect ofSirius test).

The total radioactivity of man-made radionuclides on the lagoon bed was determined from core samples,
assuming an average 2*)Pu/239Pu activity ratio at 0.12 for Mururoa and 0.18 for Fangataufa. The assessment of
man-made radionuclide presence in the sediments is given in the Table 2. This assessment is given on the strict
basis of radionuclide half-lifes, disregarding the fraction which has gone into solution since the date of sampling.

As very few barge tests were carried out in Mururoa and Fangataufa, man-made radionuclides inventories in
lagoons are lower than those reported for Bikini or Enewetak [2][3][4][5].
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Radionuclide

wCo
12iSb
B 7Cs
155Eu
B 8Pu
^ P u
240Pu

2"'Am

Mururoa (TBq)

0.52
0.033
0.78
0.89
3.3

15.8
2.2
0.84

Fangataufa (TBq)

0.042
0.0071
0.19
0.59
2.9
6.1
1.3
0.39

: Total inventory in sediment (reference date 01/01/95)
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UNDERWATER GAMMA SURVEYS

OSVATH I., POVINEC P., HUYNH NGOC L., COMANDUCCI, J-F.
Marine Environment Laboratory, International Atomic Energy Agency, B.P. 800, MC-98012 Monaco

In situ underwater gamma spectrometry is a continuously developing technique with
many advantages over traditional sampling and laboratory analysis for a number of
applications, including: (1) mapping of seabed for assessing the distribution and levels of
natural and anthropogenic radionuclides; (2) investigation of radiation fields around dumped
radioactive waste or accidentally sunken objects and assessment of radionuclide levels in
their vicinity; (3) long-term monitoring of the possible leakage of radionuclides from
dumped/sunken radioactive waste/objects; (4) optimization and focusing of traditional
sampling in representative areas. IAEA-MEL has contributed to develop this technique and
has applied it in a wide range of environments and types of studies.

An underwater gamma spectrometric system combining the high efficiency of a
Nal(Tl) detector and the high resolution of a HPGe detector [1] has been initially developed.
This type of system, feasible due to developments in cryogenic physics and microelectronics,
is clearly more performant than the Nal(Tl) based systems previously used [2]. Its 20%
efficiency HPGe crystal is cooled with liquid propane, ensuring an autonomy of up to 24
hours. The large 100 x 150 mm Nal(Tl) crystal is housed together with part of the spectrum
acquisition and processing electronics, which is connected both to the preamplifier of the
HPGe detector and, via modem, to a shipboard computer and power supply. The connection
cable, 1200 m long, is shared by signal and power. The computer on-board emulates the
submerged one, allowing control of data acquisition and real-time spectrum processing. This
first system was complemented by a rugged NaI(Tl)-based spectrometer, usable for long-
distance tows. This system includes a 150 x 50 mm crystal and employs the transmission of a
digitized signal to a on-board computerized spectrum processing and recording system.

IAEA-MEL's most recent seabed sediment contamination survey was carried out in
the lagoons of the Mururoa and Fangataufa Atolls, in the South Pacific, in the framework of
an international Study of the Radiological Situation at the Atolls of Mururoa and Fangataufa
conducted by the IAEA. The purpose of this survey was to provide guidance for subsequent
sampling and was focused on the areas subject to direct contamination following atmospheric
nuclear weapons tests. Since the rugged topography of the bottom does not allow towing of
any benthic devices, the measurements were carried out on a discrete network of points.
Spectra were recorded with the detector placed on sediment, at water depths between 30 and
45 m. Periodically, energy calibration was performed on deck with point sources and
background spectra were recorded in water. For each measurement the total time was chosen
depending on the count rate so as to provide good counting statistics. During this time, a
spectrum was recorded each minute when the probe was placed on the sediment and each 10
minutes when the probe was suspended in the water column.

The full energy range count rate and the count rates under the 60Co and 137Cs peaks
were used for immediate evaluation of sediment contamination levels during the survey, for
which only relative determinations were actually required. Because of the important site-to-
site variations of the in-depth distribution of radionuclides in sediment and of the sediment
type, an in situ efficiency calibration of the detector was not possible. Following the survey,
samples were taken from the sites identified as being local contamination maxima. Due to the
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mentioned uncertainty related to depth profiles of radionuclide concentrations, a simple
calibration was carried out, based on average values of activity concentration in the top 10 cm
of sediment. Average 60Co activity concentrations and inventories in surface sediment were
estimated. Based on correlation analyses performed on a large number of samples collected,
similar results were estimated for l37Cs and 239'240Pu.

Underwater gamma spectrometry has also been applied by IAEA-MEL at the
radioactive waste dumpsites in Tsivoiki and Stepovoy Bays on the East coast of the Novaya
Zemlya Island. The recorded spectra showed that the present-day radioactivity levels at the
measurement sites are similar to those in the open Kara Sea, this result being corroborated by
subsequent laboratory analyses [3]. IAEA-MEL proposed to use in situ underwater gamma
spestrometers in order to monitor potential releases from the dumped waste, particularly the
naval reactors containing spent fuel, suggesting installation of monitors at certain locations
identified on the basis of water circulation modelling [1].

The long-term functioning of such an underwater monitor was tested offshore
Monaco, where a NaI(Tl)-based system was deployed for 2 months. Besides the utility of this
trial for pointing to further improvements required by the system, a study of the variation of
concentrations in water of various radionuclides was possible, the results of which will be
also presented.

Finally, yet another type of application of underwater gamma spectrometry was a
survey of seabed sediment contamination offshore Sellafield in the Irish Sea. A Nal(TI)-
based spectrometer was towed along 14 transects totaling 160 NM. About 1600 spectra of 1
minute were recorded. For calibration 16 sediment cores were collected from various points
along the transects, featuring different sediment types and levels of contaminations. The
results are used to estimate inventories of gamma emitters in sediment, substituting for a very
time-consuming alternative approach whereby a much larger number of sediment cores
would have had to be collected and analysed.

From the examples enumerated above, it can be concluded that underwater gamma
spectrometry is a useful and cost-effective technique for a wide range of applications, from
impact assessment to monitoring of releases and to investigation of time-series.
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The fate of radionuclide concentration distribution patterns resulting from underground nuclear
weapon testing, depends on the different geochemical and structural characteristics of the areas where the
tests took place. The different origin and characteristics of each of the facies found in Mururoa and
Fangataufa Atolls that underwent nuclear testing, may play an important role in the radionuclide concentration
fate; confinement and/or remobilization. To obtain basic information on the current status of the radionuclide
concentrations in underground waters as a result of nuclear tests, the IAEA within the framework of the IAEA
Study [1], in conjunction with the Commissariat de PEnergie Atomique de France, undertook a monitoring
survey of interstitial waters (dissolved and particulate) from 7 monitoring wells and two cavities located at
Mururoa Atoll and two monitoring wells at Fangataufa Atoll (Table 1).

Table 1. Characteristics of underground cavities and monitoring wells

Atoll well name location facies casing tubing depth m
Mururoa Aristee

Ceto
Geo 5
Geo 8
Geo 10
Isurus 10
Tazard 14
Pieuvre 37
Murene 16

Fangataufa Fuseau 30
Mitre 27

rim
rim
rim
rim
rim
lagoon
lagoon
lagoon
lagoon
lagoon
lagoon

Basalt
Basalt
carbonate
carbonate
carbonate
carbonate
transition
transition
transition
transition
transition

?
?

80
83
120
68
72
80
78
62
77

m
m
m

m
m
m
m
m
m

single
single

polytube
polytube
polytube
polytube
polytube
polytube
polytube
polytube
polytube

650 m
490 m
230 m
276 m
309 m
265 m
245 m
300 m
230 m
193 m

238.5 m

The sampling protocol for each of the sites involved three steps; 1) the retrieval of the sampling tube
(underwater or in the rim), one in the case of cavities (Aristee and Ceto) and more than one tube in the case
of wells (Polytube). Underwater wells required the assistance of divers. 2) Upon retrieval, the sampling tube
was connected to a peristaltic pump. 3) Once a dead volume (initial water contained in the tube) was drawn
off, a filter (0.45 urn), followed by a Plexiglas (vol. 1 I) cell containing pH and Eh electrodes (Ag/AgCI ref.) was
placed in line. Later on, and to ensure stability of the pH and Eh measurements, a magnetic bar and stirrer
were added to the measuring system. This setting allowed continuous measurements of pH, Eh during
sampling time. The exit tube from the cell was then connected to a sample-receiving container. Thus, from
each station, a filtered water sample and a particle fraction (0.45 urn pore size) were collected. After every
dead volume was pumped off, a 1 I sample was taken to measure 3H. On each sample fraction, the analyses
of selected elements were performed (Fe, Mg, Mn, Al, Ca, K, Sr, Si, Na, Cl) by Atomic Absorption
Spectrometry (AAS) [1]. The same analyses were carried out for the water fraction using ICP/AES for the
metals with the addition of Cl, SO4 (ion chromatography) and alkalinity by titration [3], Additionally,
concentrations were determined for radionuclides of interest, such as 137Cs, 239-240Pu, 238Pu 241Am, ^Sr in both
water and particles; 155Eu, 125Sb and 60Co in particles. The chemical separation for each radionuclide was
carried out following IAEA-MEL procedures. Briefly, from acidified water samples, transuranic 137Cs and 90Sr
were sequentially co-precipitated. 137Cs was measured by gamma spectrometry. Transuranics were
radiochemically separated, electrodeposited on stainless steel discs and counted by alpha spectrometry. ^Sr
was determined by ^Y ingrowth and measured by beta counting.

The characterization of the water samples using the parameters measured in situ showed that after 1
dead volume of the underground water was pumped, the geochemical characteristics were rather similar.
HTO was constant throughout the sampling time at all the stations. Although some of the parameters,
particularly pH and Eh, seemed to be related to tidal changes, this was not a general feature in all the stations
sampled.

In the dissolved fraction of Mururoa waters, 3H, 137Cs and ^Sr were detected in all wells except for
137Cs at Murene (Table 2). The highest values for the three radionuclides were found at Aristee, Ceto, Geo 8,
Geo 10 and Pieuvre 37. The only unexpected findings were Geo 8 and Geo 10. These two stations are
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Table 2. Radionuclide concentrations in water and particulates

OS

Well

Aristee

Ceto

Geo5

Geo8

Geo10

Isuais 10

Tazard 14

Pieuvre 37

Murene 16

Fuseau 30

Mitre 27

3H

(6.1±0.31)x109

(2.17 ±0.11) X1010

(1.83 ± 0.36) X104

(1.4 ± 0.07) X106

(7.47 ± 0.38) x106

(4.82 ± 0.27) x105

(6.88 ± 0.35) x106

(8.45 ± 0.42) X106

(1.00 ± 0.05) X107

(3.44 ± 0.18) X106

(1.02±0.32)x104

Water [mBq/l]

90Sr

(3.19 ± 0.29) x105

(2.54 ± 0.15) x105

8.4 ±1.3

(1.6±0.1)x104

(1.6 ±0.1)x104

64 ±4.1

53 ± 3.4

(1.2±0.06)x104

103 ±7

337 ± 21

2.2 ±1.2

137Cs

1.0x106

(11.2±0.8)x103

20.3 ± 3.0

(1.1 ±0.1)x103

1.1 x103

11.9±0.2

78.3 ± 7.0

9.7x103

<2

127 ±9

19.7 ±2.0

239,240pu

< 0.008

0.020 ± 0.004

<0.03

<0.01

<0.03

< 0.004

< 0.005

< 0.007

< 0.007

< 0.009

<0.05

239,240pu

235 ±18

38.1 ±3.2

<0.4

<0.7

<0.2

<1

<0.8

<3

<1

23.3 ± 2.0

24.3 ± 2.0

238Pu

32 ±3

3.9 ± 0.6

<0.2

<0.8

<0.2

<1

<0.5

<3

<0.7

8.9 ±0.8

9.3 ±0.8

Particulates

241 Am

44.4 ±4.5

17.2 ±1.7

<0.6

<1

<0.7

<2

<1

<4

<0.8

0.54 ±0.11

1.15±0.38

[mBq/g]

60 C o

690 ±80

160 ±20

<20

<20

<12

<46

<100

<45

<24

<1

<20

125Sb

7600 ± 200

310 ±50

<40

<60

<35

<70

<260

<90

<70

<3

<50

137Cs

4770 ± 90

4260 ± 80

<20

<20

<24

<23

<100

<45

<48

<1

<20



monitoring wells (called "instrument wells"). These findings suggest that dissolved radionuclides may have
mobilized from a source point reaching Geo 8 and Geo 10 wells. The lowest values were found in
underground water collected from Geo 5. This finding is in accordance with the fact that Geo 5 is often
regarded as a "Mururoa background" station by the CEA. Isurus 10, Tazard 14 and Murene 16, showed
intermediate values for these radionuclides. Of the transuranic elements measured, only 239240pu and 241Am
were found at Ceto, but in quantities too close to detection limits. Thus at the wells sampled, transuranics in
dissolved phase were only found in low concentrations. In order to define underlying patterns for the
monitoring wells sampled at Mururoa, a cluster analysis was carried out. Aristee and Ceto show marked
differences to the other stations as expected. They have the highest values,of all the radionuclides measured.
Among the other stations, Geo 5 has the lowest radionuclide signature. Geo 8 is similar to Geo 5 with high
137Cs values which are not to be found at either Geo 10 or Pieuvre 37.

At Fangataufa, Fuseau 30 values consistently one and two orders of magnitudes higher than at Mitre
27 were found for the radionuclides detected in dissolved phase. These two monitoring wells are categorized
as nuclear experimental tests. Fuseau 30 has a different radionuclide signature to Mitre 27.

Only 5 stations yielded enough particulate material to carry out both elemental analysis and
radionuclide characterizations. Fe and Si had concentrations up to two orders of magnitude higher than any
other element measured in the particulate fraction. Geo 5, Isurus 10 and Fuseau 30, had deficiencies in Ca,
Si, Al, Mg and Sr compared to the volcanic cavities. Ceto particles are apparently enriched in Mg and Al. A
cluster analysis was applied to this data set and clearly distinguishes Aristee and Ceto as sharing unique
elemental compositions. The same statistical technique was used to ordinate these five stations using the
available data on radionuclide concentrations found in those same particles (Table 2). The resulting cluster
shows two different sets of stations sharing similar radionuclide signatures. One formed by Geo 5 and Isurus
10 and the other by Aristee and Ceto. Fuseau 30 has its own radionuclide signature that is not shared by any
other station.

High concentrations of particles found in Fuseau 30 and Mitre 27 samples are responsible for the elevated
concentrations of transuranics observed in these wells, although their concentrations in the dissolved phase were
below detection limit.

The authors are indebted to Drs. D. Smith and E. Warnecke who took part in the sampling campaign, as well as
the CEA for logistical support.
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THE PRODUCTION AND DISSOLUTION OF NUCLEAR EXPLOSIVE MELT
GLASSES AT UNDERGROUND TEST SITES IN THE PACIFIC REGION

D.K. SMITH
Lawrence Livermore National Laboratory, Livermore, California, USA

The existence of radionuclides residual from nuclear weapons testing beneath
atolls and volcanic islands in the Pacific Ocean poses potential long-term effects to
human-health and the environment. The French have detonated 140 underground
nuclear explosions beneath the atolls of Mururoa and Fangataufa in French Polynesia
and the United States has detonated three high-yield nuclear explosions on Amchitka
Island in the Aleutian island chain. The total yield of U.S. nuclear tests on Amchitka is
~ 6,080 kilotons [1] and the total yield of French underground experiments beneath
Mururoa and Fangataufa is ~ 3,200 kilotons [2]. Unlike atmospheric nuclear tests
where radioactivity is rapidly dispersed through atmospheric transport, the depth of
burial of underground explosions minimizes the prompt release of radioactivity by
containing the explosion to the region adjacent to the detonation. Because
thermonuclear weapons exploit both fission and fusion nuclear reactions, the radiologic
source term residual from an underground explosion consists of tritium, fission
products, activation products, unbumed nuclear fuels, and actinide reaction products.
At Mururoa, Fangataufa, and Amchitka there is international concern about the long
term effects of radionuclide migration away from these sites.

Melt debris is generated during early times of an underground nuclear
explosion. Extreme temperatures (~ 1 x 106 °K) and pressures (~ 7 Mbar) occur at zero
(firing) time during a nuclear explosion. The resulting nuclear explosive melt debris is
generated by 1) condensation of the plasma formed in the cavity created at zero-time, 2)
shock melting associated with the high temperatures and pressures associated with the
explosion, and 3) fusion of the wall rock by melt and vapor within the cavity [3]. Melt
originating on the walls and roof coalesces on the floor of the cavity forming a puddle.
During the initial condensation, radionuclides with higher boiling points (alkaline
earths, rare earth elements, high field strength elements, platinum group elements, and
actinides) become incorporated in the molten glass. Based on radiochemical diagnostics
collected from a variety of melt-glass samples, 95 ± 5% of the refractory species are
incorporated in the melt fraction.

These refractory radionuclides are significant for two reasons: 1) they include
actinide elements (i.e., 241Am, 239/240Pu, 244Cm, 234U, 23SU, 238U) which have higher
toxicities (organ-dose conversion factor: ~ 10s to 10'6 Sv/Bq) relative to other more
volatile radionuclides (i.e., 3H, "Tc, 106Ru, 12SSb, 137Cs) and 2) their half-life is
sufficiently long (e.g., t1/2 of 239Pu = 2.41 x 104 years, t1/2 of 241Am = 432.7 years) that
they dominate the residual source term after ~ 200 years. For these reasons, reliable
estimates of the long term release of refractory radionuclides from the sites of
underground explosions to the marine environment are important to assessments of
contaminant fate and transport and the risk to human health.

The quantity of nuclear explosive melt debris produced during a nuclear
explosion is dependent on the density of the material adjacent to the working (firing)
point. The mean density of basalts which comprise the Mururoa and Fangataufa atolls
and Amchitka Island is 2.5 g/cm3. For an explosion with a total yield of 1 kiloton in
basalt, the total weight of rock melted by the explosion is ~ 800 metric tons. 2.56 x 106

metric tons of nuclear explosive melt glass is estimated to be beneath Mururoa and
Fangataufa and 4.86 x 106 metric tons is estimated to be beneath Amchitka. Data on the
major element composition of the glass produced by the explosion suggests it does not
deviate appreciably from the bulk composition of the rock from which it was
melted [4].
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The rate of dissolution of this glass can be calculated using a kinetic melt glass
reaction model which predicts the rate of glass reaction as a function of temperature of
reaction, the mass of glass, the SiO2 content of the glass, the SiO2 content of the
reacting solution, the pH of the solution, the density of the glass, and the surface area
of the glass. Using a temperature of 30°C, 45 weight percent SiO2 in the basalt, 10
mg/L Si in the reacting fluid, and a pH of 8.2, the model calculates a glass dissolution
rate of 1.83 x 10"3 g/m2/day. This number compares favorably with dissolution rates
obtained from experimental studies of Mururoa basalts [5] [6]. Using the mass of glass
produced, the glass density, the aspect ratio of the glass pool, porosity of the glass, and
a glass cracking factor, a glass surface area of 0.2 cm2/g is calculated. The resulting
rate of reaction for the melt glass is 3.48 x 102 g/day. Using this rate, all the nuclear
explosive melt glass beneath Mururoa and Fangataufa will be dissolved in ~ 2.0 x 107

years and all the nuclear explosive melt glass beneath Amchitka will dissolve in ~ 3.8 x
107 years.

Work performed under the auspices of the U.S. Department of Energy by Lawrence
Livermore National Laboratory under Contract W-7405-Eng-48.
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EVALUATING THE HAZARDS OF CHEMICAL SUBSTANCES CARRIED BY SHIPS -
THE ROLE OF GESAMP

P.G.WETJ.S1
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M. NAUKE
Marine Environment Division, International Maritime Organization, U.K.

T. HOFER
Bundesinstitut fur gesundheitlichen Verbraucherschutz und Vctcrinarmedizin, Berlin, Germany.

This paper describes the work of GESAMP Working Group One and its hazard evaluation
procedures for chemicals carried by ships at sea. The carriage of chemicals at sea and the
minimization of potential risks from operational discharges and accidental spillages of chemicals
at. sea fail within the mandate of the International Maritime Organization (IMO). During
preparation, for the International Conference on Marine Pollution (1973), due to the urgency of
problems related to evaluating hazards of substances carried by ships, IMO turned to GESAMP'
for advice in determining the hazards of such chemicals when released into the sea. GESAMP
developed hazard evaluation procedures, which were approved by the International Conference
on Marine Pollution and which have been used by its Working Group One since 1974, meeting
34 times up to February 1998.

The hazard evaluation procedures developed by GESAMP were used for the development of
Annexes II and HI of the International Convention for the Prevention of Pollution from Ships, or
MARPOL 73, concerning the control of pollution by noxious liquid substances in bulk, and the
prevention of pollution by harmful substances carried at sea in packaged forms, or in freight
containers, portable tanks or road and rail wagons, respectively. This Convention was later
modified by the Protocol of 1978 related thereto, being known now as MARPOL 73/78 [2]. The
Convention defines "bannful substances" in article 2(2) for its purpose as " any substance which,
if Introduced into the sea, is liable to create hazards to human health, to harm living resources
and marine life, to damage amenities or to interfere with other legitimate uses of the sea, and
includes any substance subject to control by the present Convention". The Convention also
incorporates in its Annex 11, Appendix I parts of the GESAMP hazard evaluation procedures.
These procedures establish hazard based upon the intrinsic properties of substances, not the risks

1 Former Chair, GESAMP Working Group One. This paper is given on behalf of the
Working Group, the other members currently being B.Ballantyne (USA), C.T.Bowmer, Chair
(The Netherlands), T.Hofer (Germany), M.Marchand (France), S.Micallef (Malta),
M.Morrissette (USA), M.Nauke (IMO), T.Syversen (Norway), and M.Wakabayashi (Japan).

2 GESAMP is the Joint Group of Experts on Scientific Aspects of Marine Environmental
Protection (formerly Marine Pollution), established in 1969 by four UN agencies and now jointly
sponsored by IMO, FAO, UNESCO-IOC, WMO, WHO, IAEA, UN and UNEP.
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that the substances might pose upon, release into the environment.

The GESAMP Working Group has maintained a consistent approach in its evaluation of the
hazards of chemicals for almost 25 years (i.e. the basic ranking scheme has not charjged), but in
recent years has used newer predictive techniques to improve the accuracy and speed of its
assessments [1], and as described below, has recently revised its procedures. To date, over 2300
individual chemicals, mixtures and industrial formulations have been assessed. These are also
re-evalualed when new scientific data become available. Hazard profiles established by the
Working Group and approved by GESAMP are published regularly by IMO.

The hazard profiles are intended to be ascd primarily for the purposes of MARPOL 73/78 and
are based on ecotoxicological and health information within a defined hazard assessment
framework, assuming biotic or human exposure of 100% chemical(s) at a site of discharge or
spiiiage at sea- The profiles provide a ranking for each criterion, so that the most harwdous
chemicals are given due consideration concerning discharge at sea requirements and transport
with appropriate ships, packaging, labels, handling, and response during accidents or loss. In the
original procedure, still being followed, each profile covers 5 criteria (bioaccumulation and
tainting, damage to living resources, hazard to human health by oral uptake, hazard to human
health by skin and eye contact or inhalation, and reduction yf amenities), followed by remarks

m-
ln 1994, the Marine Environment Protection Committee (MEPC) requested GESAMP lo
conduct a review of the cunent procedures and profiles, with the particular purpose to harmonize
with Ihe work and procedures of the UN Committee of Experts on the Transport of Dangerous
Goods and the OECD. This has proceeded with external consultation. There is now a revised
hazard evaluation procedure, approved by GESAMP in 1997. The revised hazard evaluation
procedure includes bioaccumulation and biodegradation; aquatic toxicity, acute and chronic;
acute mammalian toxicicy by swallowing, skin penetration and inhalation; irritation, corrosivity,
and evidence for specific health concerns; interferences with other uses of the sea (tainting of
seafood, interference with coastal amenities, effects on marine wildlife and bottom habitats); and
remarks. This scheme, now being published, will be used for the foreseeable future alongside the
original procedures for ranking chemicals. It is also fully computerized in a Windows
environment, facilitating easy access, additions, corrections and use by MEPC and other IMO
bodies responsible for MARPOL 73/78. The paper describes the scheme fully and its

nmTection bv shius carrying chemical

[1] GESAMP, The Evaluation of the Hazards of Harmful Substances Carried by Ships:
Revision of GESAMP Reports and Studies No. 17, IMO, London, U.K., (1990).

[2] INTERNATIONAL MARITIME ORGANIZATION, MARPOL 73/78, Consolidated
Edition, 1997, IMO, London, U.K., (1997) 419p.
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The Integration of Science and Technology
in Oil Spill Response Decision-Making

Michael A. Champ ', Atlc B. Nordvilc 2 and Ted E. DeLaca 3

For over 30 years, researchers have focused on identifying the relationships of physical and chemical propenies of
ails as they weather and form emulsions following a spill, in 1995, Nordvik and Champ working at the Marine
Spill Response Corporation, were able lo bring the data and information together to identify the relationships
between weathering and the windows of technology effectiveness. The concept was published in late 1995
(Nordvik. 1995; Nordvik et a!., 1995, and Champ et al., 1997), see Figure 1.

The Windows approach is intended for use by local, state, federal agencies, response planners, clean up organizations
(responders), insurance companies, tanker owners, and transporters. The data bases represent ihe state of [he art for
response technologies and research in oil spill response. The major contribution of the "windows" concept is
significant environmental and cost benefits in oil spill response. It provides policy and decision-makers with a
scientifically based and documented "tool" in oil spill contingency planning, response, education and training using
performance effectiveness data for oil spill response technologies derived from laboratory, mesoscalc, and
experimental Held studies thai has not been available before. These performance effectiveness data have been
correlated to a wide range of viscosities of different weathering stages of tanker transported oils into a dynamic oil
weathering data base to identify and estimate time periods, called "technology windows-of-opportunity."

Oil spill response is an extremely complex and challenging cross-disciplinary experience. In the operational
decision-making process, it combines a wide range of issues and activities under emergency response conditions thai
include: the nature of the material spilled, which undergoes changes in physical and chemical properties (weathering)
over time,, local environmental conditions, sensitivity of impacted natural resources, and selection and effectiveness
of rcsponsevfclean up technologies. This also encompasses emergency mobilization, marine operations and
effectiveness of operations, air surveillance, remote sensing, on site and regional spill trajectory, human protection,
safety assessments, oily waste minimization, handling and disposal; and education and training.

Integrating Data And Information Into a Spill Response Management System

Effective oil spill planning and response today also requires a large amount of available data and information and the
ability to rapidly process and manage this information. Planning and decision-making in oil spill response requires
an understanding of oil weathering processes and the subsequent changes in an oils characteristics and the effect of
these changes on response technologies over time. These changes have an important influence on the usefulness
and effectiveness of response methods and technologies. Four major categories of response (clean-up) technologies
are available: chemical treatment (dispersants, emulsion breakers), jp-siai hurning. mechanical recovery (booms,
skimmer*, oil-waster separators, adsorbents), and hjiorftniediation (including chemical).

University of Alaska, Fairbanks, and Environmental Systems Development Co., P.O.
Box 2439, Falls Church, Virginia 22042, Tel. (703) 237-0505, Fax (703) 241-1278,
<mach4jmp@a0l.com>

University of Alaska, Fairbanks, and. Environmental Marine Technology & Associates,
2230 Central Avenue, Vienna, Virginia 22182-5193, Tel. (703) 698-1565, Fax (703) 698-
6232, <abjnordvik@aol.com>

Office of Arctic Research, University of Alaska, Fairbanks, 301 Signers Hall,
Fairbanks, AK 99775-7560, Tel. (907) 474-5991, Fax (907) 474-1836, <fnted@uai.edu>
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Methods and technologies in each of these categories ace limiLcd by environmental conditions both operationally and
as a result of ;the changes in oil characteristics over time. Effective use of dispersants, in-situ-burning and some
mechanical technologies is limited in time and governed by changes in oil properties. The most efficient,
environmentally preferred, and cost effective spill response is dependant on the following factors are; chemistry nf the
spilled product, quantity, location, response time, environmental conditions, and effectiveness of available response
technologies.-

Bioatimulation
Bioaugmentation
Contact area
Rate of degradation
Oxygen transport

Product selection
Dosage rata
Number of applications
Eltactlveness
Efficiency

Igniter
Ignition fluid
Ignition technique
Boom selection
Smoke and soot
Toxiclty
Residue
Bum effectiveness

Product sjslecrlon
Applieajtiom amount
Number of applications
Effectiveness

O L PROPERTIES

Emulsi
Viscosity

Product selectign
Efficiency
Disposal
Application amount

MethoH I
Equipment solecuon
Waste disposal
Handling:
Recycling

Skimmer selection
Boom selection
Recovery efficiency
Storage capacity
Pump capability
Oily waste disposal

Separator capacity
Efficiency
EMluenl composition
Storage capacity
Separator selection
Oily waste disposal

Utilization of multiple response technologies require a rapid and scientifically based decision-making tool and an
integrated system of response capabilities. Rapid oil spill response decisions are of vital importance to mitigate and
reduce environmental damage. For dispersant and tn-situ burning, decisions needs to be made immediately in order
to respond within the first 2-24 hours after a marine oil spill has occurred.

Highly effective spill response requires the integration of data from many different sources: Existing spill
contingency response- plans, (strategies and tactics), multiple spill remote sensing images, from single sensors and
systems, environmental databases (distribution of environmental sensitive and recreational areas), historical weather
analysis (general planning purposes), weather forecast (for operational planning and response), physical
oceanographic conditions (tides, currents, winds), local current, wind and temperature (for input to regional and local
spill trajectory predictions), spill trajectory predictions, dynamic oil weathering model (prediction of changes of oil
properties), oil weathering rates and physical properties, available and equipment and technologies, shipping traffic
lanes (location of response capabilities), timing for delivery of response technologies, and windows response method
and technology selections, emergency offloading equipment, and temporary Storage Capabilities
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Oil spill response management in the past decade has evolved advanced remote and mobile systems to collect data and
information and to transmit it directly from the spill to response policy and decision makers. Advances have been
made in developing a series of new tools for contingency planning, response and training. These new scientifically
based tools, can integrate several data sources, to bring together the impact of weather, sea state, wind, current and
water temperature, the physical and chemical properties and characteristics and trajectory of the spill oil for
identification of the time periods that specific response methods and technologies are most effective.

Oil spill response decisions (or lack of) made immediately (and in the first 48 hrs) can be the single largest factor
that will influence the total cost of oil spill response and the degree of environmental impact. The total costs
(including environmental, social and economic) could be greatly reduced if the Technology Windows-of-Opportunity
SYSTEM were utilized. The System integrates data and information and can assume total responsibility for decision
making, direct employment of equipment, direct die response as in a national disaster.

The data anid information that need to be integrated arc: remote sensing system to identify and monitor Coastal
Waters (Satellite and Low Altitude Aircraft), remote sensing data and information about the location, distribution and
thickness of ithe spilled oil will maximize the efficiency of the mechanical clean up operations, identification And
Characterization Of Oils Transported In coastal waters, determine physical, chemical properties and weathering
properties lor the major oils transported in coastal waters, establish data on effectiveness of available oil spill
response technologies stock piled in ports under normal range of environmental conditions for coastal waters,
determine the technology windows-of-opportunity for predominate oils transported in coastal waters under a normal
range of environmental conditions (waves, winds, and seawatcr temperatures) from the IKU model, create a
certification protocol lor oil weathering data and technology effectiveness data, and develop an at sea visible - color
code for calibrated and verified effectiveness for technologies, develop a windows based education and training
curriculum and program, revise contingency plans to incorporate technology windows-of-opportunity.
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Polycyclic aromatic hydrocarbons (PAHs) axe common environmental pollutants. In
most cases, their derivatives in the environment are known to be highly mutagenic and
carcinogenic. PAHs are known to enter the marine environment through the spillage of
petroleum, industrial discharges, atmospheric fallout and urban runoff, Bushfires can also
provide a significant source of PAHs. In the water, the hydrophobic PAHs are transported
with particuiate organic matter (POM) and either remain suspended in the water column or
arc deposited in the bottom sediments. In the sediments the PAHs can be biodegraded,
mineralized or transformed into highly mutagenic oxidized derivatives.1 It is also known that
PAHs may enter food chains and finally be ingested by humans through mussels, fish and
crustacea. Only the mussel is confirmed as a biomonitor of PAHs in the marine environment
because of its ability to accumulate, whereas fish and Crustacea arc capable of surviving in
polluted environment based on an active oxidative enzymatic system.

In the pollution control of the marine ecosystem mussels (Mytilus gaJloprovincialis)
and sediments were sampled hi the Slovenian coastal sea which occupies the south-eastern
part of the Gulf of Trieste which is also the northernmost part of the Adriatic Sea,
Mediterranean Sea. This part of the sea is utilized for industrial, commercial (mariculture,
turism) and recreational (marinas) purposes. The restricted areas like harbours, ship mooring
areas and marinas are strongly affected by pollution. Therefore, five surface sediments in the
central section of the Slovenian coastal sea, a sediment core in Italian part of the Gulf of
Trieste and mussels samples from two bays of the Slovenian coastline (Bay of Piran and Bay
of Strunjan) were collected.

Figl: Locality map of
the study area showing
( • ) surface sediments,
( <• ) mussel samples
and ("*)scdiment core.
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For determirxation of PAHs improved analytical procedures were applied especially in
the sample preparation step. Pressurized Fluid Extraction (PFE)2'?as the most suitable recent
extraction technique was used for the extraction of sediments and mussel tissue. Fifteen
individual PAHS (naphthalene, acenaphthene, acenaphtylene, fluorene, phenanthrene,
anthracene, fhioranthene, pyrene, benzo[a]anthracene, chrysene, benzo[b]fluoranthcne,
benzo[a]pyrenc, dibcnzo[ajh]anthracene, benzo[g,h,i]perylene, and indeno[1,2,3-c,d]pyrene )
were analyzed using GC-MS (Hewlett-Packard, 6890 Series) and quantified by using external
standard test mixture of PAHs and internal standard test mixture containing four devterated
PAHs.

The results in mussels sampled in the Bay of Piran and in the Bay of Strunjan are
similar and show increased two- and three-ring PAHs contamination. The total amount of
PAHs in mussel samples is around 600 \ig kg"1. When the total amount of PAHs is compared
with other mussels studies4'5, the contamination with PAHs in the Bay of Piran and in the Bay
of Strunjan is similar to contamination in industrialized overseas regions.

A different situation was observed for sediment samples. Comparing the total amount
of PAHs determined in surface sediments with those determined in mussels, the concentration
of PAHs in surface sediments is 3-5 times lower than that determined in mussels. As
expected, analysis of the sediment core sampled in the Italian part of the Gulf of Trieste
shows that the highest PAHs concentration appears in the first few layers (up to 8 cm in
depth), while in the following ones slight decrease of the total amount of PAHs is noted.

Observing the PAHs profiles determined in all samples (mussels, surface sediment,
sediment core), the most aboundant compounds are naphthalene and phenarjthrene (which are
most likely related to petrogenic hydrocarbons spillages) what suggest that the origin of these
contaminants are shipping and maritime activity associated with the port of Koper and the
port of Trieste (Italy).

1 Cemigha C.E., Microbial metabolism of polycyclic aromatic hydrocarbons., Adv. Appl.

Microbiol., (1984b), 30, 31-71.
2 B. E. Richter, B.A.Jones, J.L.Ezzel, N.L.Porter, RAvdalovic, C.Pohl, Accelerated Solvent

Extraction: A Technique for Sample Preparation., Anal. Chem., (1996), 68, 1033-1039

' M.M.Schantz, J.LNichols, SA.Wise, Evaluation of Pressurized Fluid Extraction for the

Extraction of Environmental Matrix Reference Materials., Anal. Chem., (1997), 69, 4210-

4219

T.L.Schekaturina, A.L.Khesina, O.G.Mironov, L.G.Krivoshecva, Carcinogenic Polycyclic

Aromatic Hydrocarbons in Mussels fiom the Black Sea., Mar. Pollut. Bull., (1995), 30, 38-40

J.S.Burt, G.F.Ebell, Organic Pollutants in Mussels and Sediments of the Coastal Waters off

Perth, Western Australia., Mar. Pollut. Bull., (1995), 30, 723-732
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The All Saints Bay is the largest of the Brazilian coast (l,100Km2, 13°S, 38°W). It presents
a large diversity of habitats, and along its coastline different conflicting activities take place,
such as urban settlements (Salvador, the capital city, with 2 million inhabitants), industries
(over 300, including an oil refinery, 4 metallurgies and one cement plant) and farming, both
land and sea. The objective of this work was to study the distribution of the main metal
pollutants of industrial origin in the sediments and intertidal bentonic fauna of this bay,
identifying its main sources and thus providing a basis for environmental management on the
part of government, NGOs and industries themselves.

One intensive sampling campaign was undertaken in the SH summer of 1994-95 at 20 sites
inside the bay for sediments, using a Shipek dredge, and in 30 intertidal sites for four
benthonic edible species as well as sediments, with manual random sampling at low tide.
Acid washed plastic, Teflon or glass material was used at all times for manipulation and
storage of samples. Around 30 individuals of the same bivalve species and different portions
of sediment from each site were pooled and homogenized to obtain the mean values of the
metal concentrations in each bivalve species and sediments. Sediments were sieved and only
fraction <200mesh was used. Separate subsamples of the freeze dried tissue homogenates

and of pooled sediments were digested in Teflon pressure vessels with HNO3 «>™ at 110°C

for 15h and analyzed by GFAA , except for arsenic, for which sediments were treated with
concentrated H2SO4 + HC1O4 in pressure vessels and fauna was mineralized in 50mL becker

with a mixture of HNO3HCIO4 (5:1), with ramp heating for 3h until 210°C, final dilution
with HC1 4M and analyses by AA hydride generation. All sediments sample were
characterized for type and granularity. Humidity was determined in parallel for each bivalve
sample.

The bottom of the bay is muddy and contains high percentage of clay and silt and is
functioning as a deposit mainly for Pb, Cu and Cr and in a smaller scale for As and Mn in
the north and northeast, where most industrial activities take place. Sources seem to be
multiple, including not only the industrial production sites but also the transport operations
of ores and products. Table 1 summarizes the metal situation in the All Saints Bay and the
probable main sources.
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Table 1: Heavy Metal Contamination of the All Saints Bay, 1995

Heavy
Metal

Cd

Pb

Cu

Mn

Cr

As

Degree of Contamination
Sediments

Intertidal

O

H

H

E

0

0

Botton

E

H

H

E

E

E

Edible
Molluscs

H

H

H

0

0

E

Main
affected

area

NE, N, NW,
Channel

NE, N, NW,
E, Channel

N, NE, NW,
Channel

NE, NW,E

NE, N, NW

NE, NW

Probable
Sources

Pb metallurgy, oil
refinery and unknown

sources

Pb metallurgy, other
metallurgies, oil

refmer>' and unknown
sources

Unloading of Cu ore
in port, oil refinery,

Pb metallurgy

Fe-Mn metallurgy,
oil refinery

Metallurgies and oil
refinery

Unloading of Cu ore
in ore, Pb metallurgy

Risks

Molluscs of 6% of
sites improper for

regular
consumption**

Molluscs of 56% of
sites improper for

regular
consumption**

Concentrations up
to 1,2% in

sediments near port
represent damage to

food chain

-

-

*Degree of contamination: O - no contamination; E - enrichment; H - high values, contaminated
** According to FAOAVHO, 1990.

Other sites of the bay present contamination of nonidentified sources, such as Pb and Cu in
the southwest channel. The edible bivalves of the north of the bay are improper for regular
consumption due to levels of Cd and Pb above those recommended by FDA, USA and/or
FAOAVHO, 1990.
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The Ministry of Agriculture, Fisheries and Food (MAFF) is a Government
Department which has responsibility in England and in Wales (acting on behalf
of the Secretary of State for Wales) for controlling deposits in the sea, including
the use of dispersants in response to oil spills. MAFF also has responsibility in
relation to the management of sustainable commercial fish and shell fisheries.
When the tanker Sea Empress went aground on 15 February 1996,
approximately 70,000 tonnes of Forties crude oil and 480 tonnes of fuel oil
were spilt at the entrance to the port of Milford Haven, in south - west Wales.
This paper summarises the involvement of MAFF staff at a local and national
level.

MAFF's main role in response to the spill involved approving the use of oil
dispersants and ensuring that fisheries interests were fully taken into account
during the clean-up. An independent committee called the Sea Empress
Environmental Evaluation Committee was established by the Government to co-
ordinate monitoring programmes, provide recommendations for further research
and evaluate the results. MAFF expertise was extensively utilised by the
Committee, culminating in assisting with a report on the environmental impact
of the oil spill. This concluded that although a very large amount of oil was
spilt in a particularly sensitive area, the impact was less severe than many people
had expected and there were few major long term environmental effects. It also
concluded that the rapid, large scale use of dispersants was likely to have been
of benefit in reducing the overall environmental impact of the spill. [1],

MAFF has a contingency plan which is designed to ensure rapid and effective
response to marine pollution emergencies, including appropriate consultation
and co-ordination with other bodies involved. During the Sea Empress clean-
up, one key source of expertise within MAFF was the local District Inspector of
Fisheries who is located at Milford Haven and was able to advise on fisheries
and sea conditions in the area and to act as the main point of contact with local
fishermen. In addition, scientists at the laboratories of the Directorate of
Fisheries Research (DFR - now the Centre for Environment, Fisheries and
Aquaculture Science, an agency of MAFF), were able to provide a range of
important advice. For example, in the early days after the oil spill, DFR
scientists were able to predict the movement of oil in relation to commercial and
recreational fisheries and the possibility of contamination of these stocks, to
advise on the use of chemical dispersants to treat the oil, and to undertake
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environmental monitoring so as to define and keep under review the fishery
closures which were established by the Welsh Office to protect consumers.
Extensive sampling in the weeks that followed included taint testing using a
trained panel of consumers. Concentrations of hydrocarbons in seafood were
relatively low in fish and Crustacea but higher levels of polyaromatic
hydrocarbons (PAHs) were found in molluscs. The maximum concentration of
hydrocarbons and PAH in molluscs was found in mussel (Mytilus edulis )
tissues at > 5,000 mgkg"1 , one week after the grounding and close to the spill
site within Milford Haven. [2]. Restrictions on the gathering of mussels were
lifted after 19 months but controls on fish and Crustacea were removed earlier (3
- 8 months after the initial spill).

The MAFF Chief Scientist's Group commissions research in response to policy
needs and this includes the impact of pollution in the marine environment. For
the Sea Empress oil spill, a laboratory based study was undertaken for MAFF
by DFR on whether olfactory function was impaired in salmonids exposed to
low concentrations of PAHs. Universities also received MAFF funding in
relation to the oil spill and their work included (I) further development of
models to predict the transport of the plume, (II) stock assessment of bass
(Dicentrarchus labrax) as the juveniles spend much of their early life in very
shallow water and there was concern that the spill might affect their survival.
(Ill) Other stock assessment studies of herring ( Clupea harengus ) and
whelks (Buccinum undaturri) plus (IV) molecular studies on hepatic DNA -
adduct levels as an indicator of potential carcinogenic consequences. Some of
these studies are continuing during 1998 but earlier results do not demonstrate a
significant impact.
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Phenols and dissolved/dispersed petroleum hydrocarbons were determined to assess
the level of organic pollution in the waters of the eastern Levantine sea (eastern
Mediterranean) and Syrian shoreline, Sampling program was carried out in February 1992
The phenols concentrations were ranged between non detectable values and 0.88 u.g/1. The
dissolved/dispersed petroleum hydrocarbons concentrations were averaged from 1 to 37.5
ug/1 in the studied seawater, 65.8% of petroleum hydrocarbons samples were ranged
between 1 and 10 u.g/1. The distribution of phenols and dissolved/dispersed petroleum
hydrocarbons in seawater indicate to be governed by water circulation and external sources.

Thirty eight sampling stations were
chosen in the marine sector located between
the island of Cyprus and the Syrian coast
(Figure 1) Water samples were collected
from 15 to 22 February 1992, during the
24Th cruise of Russian "Oceanographic R/V
"Vityaz"; they were taken from 0.5 meter
below water surface, using 2.5 liters pre-
cleaned Labe-Line water sampler. Phenols
concentrations were determined using 4,
aminoantipyrine spectrophotometric method
with distillation procedure [1]; the precision
is 5% for a phenols concentration of 1 j.ig/1.
For dissolved and dispersed petroleum
hydrocarbons analysis, seawater samples
were extracted twice with free hydrocarbons
n-hexane [2] Dissolved/dispersed petroleum
hydrocarbons concentrations were evaluated
by Spectrophotmetric technique [3], the
absorbances were standardized later by
spectrofluorimetric technique using chrysene
as an intercopmarison chemical standard [2];
the precision is 5% for a petroleum
hydrocarbons concentration of 10 u.g/1.

Phenols concentrations were ranged between non detectable values and 0.88 u.g/1,
showed irregular horizontal distribution. A relatively high concentrations (>0.5 u.g/1) were
observed in the southern transection off Syrian coast, and in the middle part of Syrian coast,
this distribution is in accordance with that recorded for the phenols distribution in surface
Syrian coastal waters [4]. Two principal factors influenced this distribution: water currents
and land based sources. The vertical distribution of phenols showed a maximal
concentration in superficial waters, then decreased with depth until the thermocline level
under this level, phenols concentration is almost constant at very lower values, and is under
limit of detection in Levantine deep waters (>500 m.)

35° E

Figure 1. Geographic localization
oceanographic stations

36 °E

of
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Dissolved and dispersed petroleum hydrocarbons concentrations were ranged
between 1 and 37.5 i.ig/1, 65.8% of samples are ranged between 1-10, 28.9% between 10-20
and only two values (located in the southern transection) between 20-37.5 u.g/1. Relatively
high values (>10 u.g/1) were observed in the southern transection of the studied area and in
the middle part of Syrian coast, reflecting the impact of external petroleum hydrocarbons
sources on their distribution in seawaters, especially near petroleum terminals and in the
area of shipping activities. In open sea, many ships and tankers probably still practice
daballasting release of wash waters and bilge. Moreover, this distribution is also influenced
by general circulation of seawaters. Concerning the level of dissolved/dispersed petroleum
hydrocarbons, our results are in accordance with those obtained for the Syrian Coastal
waters [5] and for the Eastern Mediterranean sea [6].

The highest concentrations of phenols and dissolved/dispersed petroleum
hydrocarbons were registered facing the middle part of the Syrian coast and mostly in the
southern transection (34°40'N). These maximal levels can be related directly to the
anthropogenic factors and water currents, the mean current in the investigated area, directed
from south and south-west to north [7 & 8], can enrich the southern pan with these organic
pollutants.
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The modelling of the transport of radionuclides through the marine environment after they were
released from the lagoons or the geosphere, including mixing within the lagoons, discharge into the
ocean and transport to the shores of neighbouring islands and distant continents was a part of a recent
international study coordinated by the IAEA [1]. The area around the source of radioactivity (i.e. the
point at which radionuclides are released into the marine environment) was divided into three major
zones: (a) the near field (the lagoons); (b) the regional field (broadly, the area of French Polynesia); and
(c) the far field (the South Pacific beyond the regional field).

The methodology adopted in this study can be summarized as follows:

1. A model of the mixing of water in the lagoons was developed. This model was used to estimate the
radionuclide concentrations in the lagoons for given releases into the lagoons, and the flow rates of
radionuclides from the lagoons into the surrounding ocean.

2. The rates of release of radionuclides from the lagoon sediments were assessed, leading to estimates of
the release rates of plutonium, caesium-137, strontium-90 and tritium from the lagoons to the oceans as
a function of time.

3. A model was developed to predict the movement of sediment between the lagoons and the ocean.
Estimates were made of the amount of sediment, and the corresponding quantity of plutonium, leaving
the lagoons annually under average weather conditions, or with a severe storm.

4. Three compartment models were used to model dispersion of radionuclides in the regional field.
These models cover different areas with different resolutions, and each has particular strengths and
weaknesses. Taken together, they give an indication of the likely uncertainty in the dispersion estimates,
and improve the robustness of the final conclusions.

5. Transport and dispersion in the far field was assessed using a predictive model of world ocean
circulation.

The present paper concentrates on the comparison of results obtained under sections 4 and 5.

Two main release scenarios were modelled: (a) disruptive event — a slide of carbonate rock,
releasing activity from the carbonate zone corresponding to the inventory from one safety test and one
CRTV tests: (b) a time-dependent source arising from migration of material from the underground
cavities and the leaching of sediments in the lagoon.

The scenario for which all of the models was used is the time-dependent release from the
lagoons and underground. Table 1 shows the maximum concentrations estimated by the various models
for the region. The three regional models predict concentrations which, in general, agree within an order
of magnitude. The models also determine the times at which the peak concentrations occur, which for
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3H, 90sr> ancj 137cs arC) essentially identical for the Equidistant-grid and MELPAC compartment
models, and occur 4 to 5 years later in the South Pacific compartment model. The predicted
radionuclide concentrations are below the current background.

In the far field (Hamburg) model, the source is assumed to be partly in the surface layer (0-50
m) and partly at the depth of 400 m. The latter is intended to simulate injections into the subsurface layer
due to a potential release from the karstic layer. From the Hamburg model simulations over 50 years, it
is concluded that concentrations of 90Sr, 137cs and 239+240pu j n m e 0-50 m and 350-450 m layers are
below the current background levels.

TABLE 1. MAXIMUM CONCENTRATIONS (Bq m"3) FOR TIME-DEPENDENT RELEASE
(Concentrations have been rounded)

Equidistant
model

0-450 m
MELPAC
model

0-450 m

S. Pacific
model
0-50 m

Hamburg
model

0-50 m

Hamburg
model

350-450 m

Nuclide

3H
90Sr
137Cs

Pu
^H
90Sr

137Cs

Pu

3H
90Sr

137Cs

3H
90Sr

137Cs

Pu

3H
90Sr

137Cs

Pu

Tureia

6
8x10-3
2x10-3
8 x 10-4

2
3x 10-3
5 x 10-4
2 x 10-4

5
5x10-3
7 x 10-4

5x10-3
4x10-4

65
2 x 10-2
7x10-3
2 x 10-3

Tematangi

4
5 x 10-3
1 x 10-3
5x10-4
4x10" '
6x10-4
1 x 10-4
5 x 10-5

6
2x10-3
7x10-4

Hao

1
2 x 10-3
4x10-4
2x10-4

2x10-1
2 x 10-4
5 x 10-5
2x10-5

8
1 x 10-4
5 x 10-5

<1

5 x 10-3

150

2x10-2

Tahiti

0.6
9 x l 0 - 4

2x10-4
8 x 10-5
1 xlO"1

2xlO- 4

4x10-5
2x10-5

0.2
1 x 10-4
4x10-5

<0.5

4x10-3

100

1 x 10-2

Tubuai

1
2
9
1
2
3
1

4;
2:

0.06
xlO-4
xlO-5
xlO-6

xl0-I
xl0-4
xlO-5

xlO-5

1
K 10-4
xlO-4

Rapa

i 
i 

i 
i

4 x 10-2
7x10-5
1 x 10-5
4x10-6

0.8
3x10-4
1 x 10-4
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FROM THE MURUROA LAGOON
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Main objective of the study is to give answers to the following questions:
(a) What amount of bottom sediments in the Mururoa lagoon would be resuspended and transported

out of the lagoon into the Pacific Ocean per year at different scenarios (circulation due to trade
wind and tide, tropical cyclones).

(b) What amount of radioactivity is transported with the sediments out of the lagoon per year and by
each tropical cyclone.

Two cases were simulated:
(A) WIND-TIDE. Basic conditions, governing the circulation over most part of the year were taken

into account first: trade wind, easterly of 8 m/s, together with the influence of tide, with the
amplitude of 0.3 m and period of 12.4 h.

(B) STORM CASE. Forcing conditions for this case were determined mainly from (1). The "maximum
historically probable cyclone" in the region of Mururoa has been defined with the NW wind of 80
knots. The duration of maximum wind was estimated to be 4 hours. The direction of the wind (NW)
is an approximation, because it is changing while the cyclone, (this itself being a cyclonic vortex),
is passing the atoll.

The frequency of such cyclones was estimated from (1), to be about 0.1 per year (one cyclone
in 10 years).

The following values of particle size distribution were used in the 3D sediment-transport
modelling: D50 = 0.1 mm, D16 = 0.015 mm, D90 = 1.0 mm, Density = 2400 kg/m3, Porosity = 0.6.

RESULTS ON WATER AND SEDIMENT OUTFLOW:
CASE A: Wind/Tide.

Hydrodynamic simulation of circulation and further simulation of sediment resuspension due
to currents and waves has been executed by the 3D model PCFLOW3D, developed at the University of
Ljubljana (2). Wave height caused by east wind of 8 m/s is increasing from east to west in the lagoon
and attains maximum value of nearly 1 meter near the westernmost coast.

Near the pass, the velocities are of the order of 20 cm/s. Most of the sediment resuspension
would be in the vicinity of the pass, and some in the shallow water along the southern coast. There is
transport of suspended sediments out of the lagoon during ebb tide. The simulation results show that
during one tidal cycle a mass of 1.1 * E5 kg is washed out of the lagoon. This results in rate of
out washed sediments due to wind/tide of 80 000 tons/vear.

CASE B: Storm Case
Flow through the pass. The 3D hydrodynamic simulations have shown surface velocities of

the order of 1.3 m/s and maximum depth-averaged velocities (Fig. 1) of the order 40-50 cm/s, which is
roughly in agreement with the values from (1). Wave height in the ocean is described to be 9.8 m for
such cases and wave height inside the lagoon, in the central part, to be about 5 metres. This was taken
into account in the hydrodynamic and sediment transport simulations which has shown that the
amount of sediments, outwashed from the lagoon through the pass during one storm event is 720.000
tons/storm.

Flow of water and sediments over the SE rim of the atoll. For wind of 150 km/h in the lagoon,
from NW, the height of the waves along the SE and S rim of the atoll, was estimated to be 5 metres.
The height of the rim above the mean water level is between 1 and 3 metres. It is expected that a
cyclone would cause wave run-up and overtopping of the rim, with important discharge of both water
and sediment over the rim into the ocean. A combination of data from (1) and an empirical procedure
from (3) was used to determine the water discharge and another procedure from (4), to determine the
sediment concentration and further the sediment outflow.

The mass of sediments, outwashed over the SE to S rim during one storm event was calculated
to be 3.25 * 106 tons/storm.
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Total amount of outwashed sediments (through the pass and over the rim) during one
storm is roughly 4 x 106 tons/storm. This is equivalent to a removal (erosion) of a layer about 2 cm
thick over the whole lagoon bottom. In reality this erosion would be very non-uniformly distributed.

OUTFLOW OF RADIONUCLIDES:
Only 238+239+240Pu was considered. Its average concentration in the lagoon bottom surface sediments has
been estimated at 500 Bq/kg dry. This was taken into account for the simulation of outflow of
radionuclides through the pass during storms. For the region near the pass and in the vicinity of the SE
rim the value of 100 Bq/kg dry was taken into account. The final results of calculations are:

The radioactivity outwashed with permanent action of wind/ tide through the pass is 8 GBq/year
The total outflow of Pu during one storm (through the pass and over the rim) is 0.7 TBq/storm

Because of some not precisely known data we estimate that the final results on the outflow of
sediments from the lagoon are accurate to about a factor of three. The accuracy of the outflow of
Plutonium from the lagoon depends additionally on the accuracy of the data on Pu concentration in the
bottom sediments.
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Fig.1. Circulation velocities, depth-averaged from 3D simulation, for Storm Case: wind NW,
150 km/h. This velocity field was the basis for sediment transport simulations.
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The International Atomic Energy Agency ' s Marine Environment Laboratory ( IAEA-
M E L ) has been engaged in an assessment p rogramme related to radioactive wastes disposals
by the former U S S R [1] and other countries in the N W Pacific Ocean and its marginal seas.
This paper focuses on the Sea of Japan1 and on estimation of collective doses for the Japanese
populat ion by the mar ine food pathway from liquid wastes, and on compar ison with those
from global fallout and natural radionuclides.

During 1994-1995, I A E A - M E L participated in the Japanese-Korean-Russian joint
expedit ions to the radioactive waste dumping areas in the N W Pacific Ocean and its marginal
seas. F ig . l shows the dumping areas and sampling stations in the Sea of Japan. Sampl ing
work was performed at 8 stations within the dumping areas and at 3 stations outside, the latter
reflecting background levels. Large volume water sampling, seabed sediment sampling and

so-, 1— '—3=- s. r CTD casts were carried out at each station.
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Fig.1 Radioactive waste dumping areas
in the Sea of Japan and sampling station during
the Japanese-Korean-Russian joint expeditions

also known as the East Sea

The radionuclide concentrations in
surface water in the dumping areas are 1.5-
2.2 Bq/m3 for 90Sr, 2.4-2.8 Bq/m3 for I37Cs
and 4-25 mBq/m3 for ^ " P u . The
concentrations of 90Sr, 137Cs and 239-240pu in
surface sediment (0-3 cm) in the areas
range over <0.1-1.4, 0.3-7.0 and 0.01-1.7
Bq/kg-dry, respectively. No significant
difference is observed between the dumping
areas and background areas. The levels
also compare well with those of global
fallout found in the NW Pacific Ocean and
its marginal seas.

The radionuclide inventories are
estimated using vertical distributions of the
concentrations in seawater and sediment.
The results show a surplus of the
inventories by a factor of about two,
compared with cumulative deposition
densities derived from global fallout.
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A total of 443 TBq was dumped as liquid wastes off Vladivostok, about 85 % of which
was in Area 9 in 1986 [1]. In this study, it is assumed that liquid wastes of 443 TBq are
released to the surface waters of Area 9 in 1986. For the radionuclide composition, values
reported for liquid wastes dumped in 1993 are used, i.e. the ratios of 60Co, 90Sr and 134Cs to
137Cs are 0.01, 0.3 and 0.01, respectively [2].

An equidistant-grid compartmental model [3] is used to estimate doses from radioactive
wastes dumped in the Sea of Japan. The region of interest is defined to be 24-47° N and 124-
150° E. The domain is horizontally divided into compartments of 1° in latitude and longitude.
It is assumed that the concentration is uniform throughout the water column from the surface
to a depth of the thermocline and that radionuclides are transferred down below the
thermocline by only sedimentation. Radionuclide transfer between compartments is estimated
by summing components due to the ocean current and eddy diffusion. The ocean currents are
based on calculation of the geostrophic current using the measured data of temperature and
salinity.

Fig.2 shows the collective
effective dose equivalents (CEDE) as
a function of time from the annual
intake of marine products caught in
each year. The doses from long-lived
radionuclides show a maximum 4 to 5
years after the disposals. The total
CEDE from all radionuclides has a
maximum in 1990 : 0.8 man Sv.
About 90 % of the dose comes from
137Cs, most of which is due to
consumption of fish. The collective
effective dose equivalent commitment
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Fig.2 CEDEs by the marine food pathway from
radioactive wastes dunped in the Sea of Japan

is also estimated to be 11 man Sv.

100

Dose estimates due to global fallout and natural radionuclides are based on average
values of the measured concentrations of the following radionuclides in the surface water :
90Sr, 137Cs and 239-240pu for global fallout, and natural 210Po. Values recommended by the IAEA
are used for bioaccumulation factors and dose conversion factors. CEDEs are estimated from
the annual intake of marine products caught in 1990. The collective dose of 17000 man Sv
from 210Po predominates, compared with that of 16 man Sv from 90Sr, l37Cs and 239240Pu. The
relative importance of four marine products to the dose from 2l0Po is 18 % for fish, 38 % for
crustaceans, 43 % for mollusks and 0.6 % for macro-algae. The total CEDE from the liquid
radioactive wastes is about 5 % of that from global fallout.
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During the Ust years, research in the Arctic Ocean has increased considerably. Recent topics
arc focused on climate research such as sea ice variability, water mass transformation and
deep water production but also on transport of contaminants like e.g. radionuclides In 1994,
a joint project was raised in Germany in order to investigate the dispersion of anthropogenic
radioactivity in the Arctic Ocean. The major background for this project was the dumping of
radioactive waste in the Kara Sea and the assessment of a potential contamination of Arctic
Seas and adjacent Nordic Seas (Greenland Sea, Norwegian Sea and Icelandic Sea).

Coupled ice-ocean models on different spatial scales were applied to study the transit times
and major pathways for radionuclide transport in the Arctic Ocean. The model simulations
were carried out on three different spatial scales:
• A large scale general circulation model covers the whole Arctic Ocean including parts of

the Nordic Seas,
• two regional scale models cover the shelves of the Barents and Kara Seas
• and local scale models were used to simulate the near field like bays and fjords where

radioactive waste dumping took place.
These three-dimensional, baroclinic circulation models were used to simulate the seasonally
varying circulation, stratification, ice formation and ice drift. The obtained climatological
circulation patterns served as forcing functions for transport modelling of contaminants in
water and sea ice. The tracer dispersion was simulated with Eulerian transport algorithms for
dissolved matter, which were based on the advection-diffusion transport equation.

Two main sources for radioactivity in the Arctic Ocean were studied in more detail:
• Inflowing Atlantic Water Masses which carry the Sellafield signal from western Europe

towards the Arctic and
• the dumping sites for radioactive wastes along the east coast of Novaya Senilya in the

Kara Sea.
The Scllalield simulation was carried out for two reasons: On one hand it is an ideal case for
model validation because the signal has been measured intensively during the last decades. On

' current affiliation: Allrcd-Wegencr-Institui fllr Polar- und Mccrcsforschung (AWf). Columbusstrasse
27568 Bremertiavcn. Germany
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the other hand it is one of the most important sources for the radioactive contamination of the
Arctic Ocean since the 1970's,
The dump site scenarios assumed a leakage at dumped objects in the Kara Sea, In order to
assess the (rather unrealistic) 'worst case', we first applied an instantaneous release in which
the total radioactive inventory of dumped l37Cs (lPBq) was released more or less
instantaneously. The second focus was on gradual release scenarios in which continuous
release rates of the order of 1 TBq/y were applied.

Both, the Sellafield and the dump site scenarios have the advantage to represent a point
source that can be prescribed rather easily in a numerical model grid This is not the case with
global fallout and the Chernobyl accident which makes these sources difficult to simulate.
Whereas the dump site scenarios were purely hypothetical, the reprocessing plant scenarios
followed realistic release rates and were therefore validated. The dispersion simulations
concentrated on ' n Cs because this radionudidc represents a major fraction of the
reprocessing plant discharges and the dump site inventories. This radionudidc is moreover
highly soluble in the water and can be regarded as a 'dissolved' tracer.

The Sellalield simulation reproduced the observed levels, pathways and transit times in
surface waters very well. Minor differences in the travel time of 1 or 2 years can be attributed
to the missing interannual variability of the oceanic circulation (climatological forcing) Other
sources for differences are the missing bomb fallout and the missing inflow of i:>7Cs from the
Chernobyl accident. Simulated peak concentrations of Cs reach the Barents Sea approx. 6
years after release, showing levels around 30-60 Bq/m in the southern and eastern parts. The
major fraction flows into the northern Kara Sea between Franz-Josef-Land and Novaya
Scmlya, a minor fraction crosses the Kara Sea entering through the Kara Strait. In the eastern
Barents Sea and the northern Kara Sea, strong vertical mixing leads to an input of Cs into
deeper water masses, feeding the Atlantic Water layer at intermediate depths. At the surface,
the model produced peak concentrations between 1985 and 1990 of 40 - )5 Bq/m3.

The dump site scenarios revealed that a surface water contamination needs about 10 years
from the dump sites to reach Fram Strait. Contaminants mixed down to the bottom of the
shelf showed considerable longer residence times in the Arctic Ocean, in the order of
decades. A significant contamination of the Kara Sea and adjacent oceans is very unlikely. In
particular the gradual release scenarios showed radioactive concentrations two or three
orders of magnitude lower than the maximum Sellafield signal had in 1985. Even in a worst
case scenario, the concentrations in the Kara Sea were in the range of today background
values, originating from Sellafjeld.

The transport of radioactivity by sea ice seems to be likely. The results indicated the
possibility of an export of contaminated sediment from the Kara Sea into the central Arctic
and subsequently through Fram Strait into the Greenland and Icelandic Seas. Observed buoy
drifts and simulated trajectories confirm that the Arctic Transpolar Ice Drift is by far the
shortest and probably also the most effective pathway for pollutant dispersion from the Arctic
Ocean to the adjacent Nordic Seas. The contaminated paniculate matter will be released due
to ice melt 2-3 years after leaving the Kara Sea. Quantitatively however, the pollutant
transport by sea ice sediments seems to play a minor role.
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The Arctic, and in particular the Kara and Barents Seas, have been heavily exposed to
radioactivity, due to the fallout from the nuclear testing activities mainly on the Novaya Zemlya during
the 1950s and 60s. However, the current level of radioactive contamination in these areas are
relatively low as compared to other European waters. The typical levels of radioactive cesium in the
Kara Sea for the period 1987-1994 are in the order of 6 Bq/nrr, whereas the levels in the Baltic,
Kattegatt and North Sea are respectively 130, 50 and 15 Bq/m3 [1].

The potential risk for radioactive contamination of the Arctic is still present, due to the fact that in
this region several deposits of solid and liquid nuclear waste are located on land or at the sea
bottom. Nuclear powered vessels, in use or decommissioned, are in the region, in particular on the
Kola peninsula. Additionally the watershed areas of the major Siberian rivers supplying freshwater
to the Kara Sea are huge. This region of Russia have several nuclear power plants and other
industrial installations, such as the Mayak, Tomsk-7 and Krasnoyarsk-26 facilities, which may
potentially cause contamination of the river water and end up in the Kara Sea.

This study [2] aims to present investigations of model simulations of transport and spread of
radioactive contamination in the Kara Sea waters from the potential sources of radioactive waste
deposits in the region, as well as through freshwater transport from the major Siberian rivers Yenisey
and Ob. Simulation of the marine transport and circulation from the different potential "source"
locations will give indications on which of the potential sources that are most critically located if an
accidental contamination should occur. The study aims toward the development of a risk
management tool in order to plan and prioritise the actions for clean up and combat operation to
minimise the damage of potential future radioactive contamination of the Kara Sea water.

In order to develop a risk management tool for the assessment of radionuclear transport in the
oceans one are in need of knowledge of the regional environmental conditions, obtained through time
series of observations of the major environmental data as well as the pollution sources using both
information from field observations as well as satellite remote sensing sources. The environmental
information should be processed, organised in a Marine Information System (MIS) and made
available in order to be utilised as input in numerical models for simulations of various realistic
scenarios for distribution of pollutants from given sources (see Figure 1). Such a MIS database has
been build up with environmental data from the Kara Sea region. This data base includes in situ
oceanographic, river discharge, meteorological, sea ice as well as chemical pollution and radioactivity
information, mainly for the years 1977 to 1980. The pollution data are acquired more recently for the
period 1989-1993.

A complex ocean circulation model system has been implemented for the Kara Sea region,
which includes modules for wind mixing, sedimentation and sea ice thermodynamics. The model is
designed to be able to utilise and to assimilate various types of hydrological and meteorological
data, river run-off, meteorological, and sea ice data. The model provides simulations of the 3-D
water currents fields and is the key input to the simulation of radioactive pollutants in the water
masses as passive tracers. Special attention was paid to the rigorous validation of the model
performance using current measurements and hydrographic data. The validation results show
quantitative agreement between simulated and measured currents and indicate that the model can
resolve the simulation of the water circulation pattern.

Model simulations for the ocean circulation and transport of pollutants as passive tracers from
given and potential source locations in the Kara Sea region has been performed for periods up to
more than one year (400 days). Simulation has been performed for potential sources through the
Ob' and Yenisey rivers, the deposits of nuclear submarine reactors at the coast of Novaya Zemlya
(Tsivol'ki and Abrosimova bays) as well as from the waste deposit in the Novaya Zemlya
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depression. The forcing simulation scenarios were selected in order to illustrate how various
hydrological and meteorological conditions will influence the transport distribution pattern from the
various possible source locations. Special attention has been given to the simulate the behaviour
of the different radionuclides such as ^Sr, 137Cs and 239240Pu and gravitational sedimentation of
suspended particles in order to get an assessment of radionuclides fallout on the sea floor.

For all scenarios the modelling results show that for instantaneous sources a significant and
rapid decrease in radionuclides concentration occurs in the first 10-30 days. After 10 days
concentrations did not exceed 1 % of the initial value.

For instantaneous sources (shore and bottom deposit locations) the study concludes that
release of all radioactivity from a given source to the water column will result in very low
radioactivity levels even at the initial stage. For 137Cs and 239240Pu concentrations will immediately be
below Russian standards of the permissible content for the drinking water; only for ^Sr
concentrations will be higher than that level. However, ^Sr, being presented mostly in the soluble
phase, will be transported from the source area and hence all instantaneous sources does not
represent serious hazard for the Kara sea radioactive contamination.

Simulation of the radionuclides transport and transformation from the constant sources located
in the Ob' and Yenisey mouths shows higher levels of radioactivity and sedimentation rate than for
instantaneous sources. For source at Ob' mouths the cloud of pollutants only after 240 days of
simulation leaves the proper Ob' estuary, then moves toward the Novaya Zemlya and splits into
two branches (southward and northern directions). For source at Yenisey mouth after 120 days the
cloud leaves the proper Yenisey estuary and start moving toward Novaya Zemlya deviating
further in the south-west and east directions. The south-western part of the Kara sea is clean even
after the whole period of simulation.

Results of the project is being further developed for the establishment of a risk management
tool for studies of marine radioactive contamination. This includes applications for definition of
response strategies for potential radioactive leakage and spreading, "hot-spot" localisation and
prioritisation of efforts, as well as for direct use in planning of actual combat actions in the case of real
pollution events.
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Figure I. Structural scheme of the Kara Sea Marine Information System (MIS).
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THREE-dimensional model of TOXicants transport (THREETOX) was developed for
assessment of potential and real emergency situations in the coastal area of seas and the
inland water bodies [1]. It includes the high resolution numerical hydrodynamic
submodel, dynamic-thermodynamic ice submodel, submodels of suspended sediment
and pollution transport. The prognostic variables of the hydrodynamics submodel are the
three components of the velocity field, temperature, salinity and surface elevation. The
ice submodel describes the momentum and mass balance and ice strength. The ice
distribution is characterised by the compactness and the ice thickness. Suspended
sediment transport is described by the advection-diffusion equation. The equations of
radionuclide transport represent the radionuclide concentration in solute, in the suspended
sediments and in the bottom deposition. The exchange between these variables has
described as adsorption-desorption and sedimentation-resuspension processes. The
thickness of the upper layer of the contaminated bottom deposition is described by the
equation of the bottom deformation. The governing equations of THREETOX together
with the boundary conditions are solved by finite-difference techniques with the use of
barotropic and baroclinic mode splitting.

The results of two case studies are described. The first one concerns to two-year
simulation of the Chernobyl origin radionuclide transport through Dnieper-Bug estuary
(DBE) into the Black sea. In the second case study the simulations were performed for
the assessment of potential emergency situation caused by the radionuclide release from
reactors and containers with the liquid radioactive wastes scuttled in the Novaya Zemlya
bays.

Stratification in DBE results in the inhomogeneous vertical and horizontal
distribution of the radionuclides. The results of simulation of 137Cs and 90Sr dispersion
were in reasonable agreement with the available data [2] (fig. 1). The differences between
geochemistry of l37Cs and 90Sr explain the fact that DBE was contaminated by 137Cs and
purified from 90Sr due to the intrusion of the Black Sea saline water. Due to the fresh
river water DBE was contaminated by 90Sr and purified from 137Cs. The net flux of 137Cs
was much less than influx and outflux. A noticeable seasonal change in this flux took
place. At summer it was directed to DBE whereas at spring the net flux of 137Cs was
directed in the Black sea. The outflux of 90Sr from DBE dominated throughout the year.
The outflux of 137Cs from the DBE in the May 1986- May 1988 was found to be equal to
0.66 TBq that is 46 % from the total input. The outflux of 90Sr was equal to 12 TBq that
is 91 % from the total input. Hence, more than 50% of 137Cs and less than 9 % of 90Sr
was deposited in the bottom sediments in two years.

In the second case study the dispersion of l37Cs and 239Pu from scuttled reactors in
three bays of Novaya Zemlya (Tsivolki, Stepovogo and Abrosimov) was simulated. The
data of joint Russian-Norwegian cruises [3] were used to reproduce the hydrography of
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Fig. 1 Computed vs. measured [2] distribution of Sr90

in the surface layer of Dnieper-Bug Estuary in March 1997.

these bays. The scenarios of the radioactivity release [4] were adopted. It was shown
strong seasonal effects on circulation in the bays caused summer river run-off at the cost
of the Novaya Zemlya snow melting and winter ice sheet among with wind and
semidiurnal tide. The summer radionuclide distribution in stratified estuaries (Stepovogo
and Tsivolki bays) was strongly inhomogeneous along the vertical axis, while the
radionuclide distribution in homogeneous Abrosimov Bay was more uniform. As a result
of strong seasonality the flushing times for summer were ten times much of winter
flushing times. This fact must be kept in mind with the use of box models of fjords to
simulate the receiving environment before exchange of radionuclides with open sea.

The presented results demonstrate the capability of THREETOX model to describe
the wide spatial and temporal range of transport processes in the coastal area of seas.
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The Marine Environment Annual Dispersion (MEAD) model has been developed from the
CUMBRIA model, a long-term dispersion model currently used by Westlakes Scientific
Consulting Ltd to estimate dispersion of radionuclides in the Irish Sea. The basis of both
models is annually averaged advection-diffusion equations representing residual transport of
marine pollutants in three phases (dissolved in seawater, attached to suspended sediment and
attached to deposited sediment). Transfers between the three phases (in the form of
adsorption/desorption and resuspension/deposition) are also included. Unlike the CUMBRIA
model, which was specifically designed to model dispersion in the Irish Sea, MEAD is a
generic model which can be used to simulate radionuclide transport in any shelf sea area.

Conclusions drawn from early validation attempts of the CUMBRIA model indicated that by
improving the physical basis of the model, the simulated annual mean radionuclide
concentrations could be made more realistic. The main area of improvement has been in the
definition of the suspended particulate material (SPM) concentration field (used in calculating
both adsorption and resuspension/deposition of radionuclides). In the CUMBRIA model, the
SPM field in the Irish Sea was defined to be a spatially invariant 4 mg/1. In reality
concentrations vary from an annual average of ~ 2 mg/1 in deeper regions to -10 mg/1 in
coastal regions, such as Liverpool Bay (Bowers et al., 1997). For example, Figure 1 shows
the SPM concentrations (observed and simulated) and depths in a line across the Irish Sea at
53°40'N.

MESD
CUMBRIA
Observed
Depth

50 100 150
Distance (km)

Figure 1 SPM concentrations (observed (Bowers et al., 1997) and values used in
CUMBRIA and MEAD) in a line across the Irish Sea at 53°40'N. Distances are
given in km from the Cumbrian coast.
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In order that a spatially varying SPM concentration field might be used in MEAD, a long-
term suspended sediment transport model has been developed so that an annual mean
suspended sediment concentration field could be derived. Annually averaged resuspension
and deposition terms have been calculated based on the tidal amplitudes and advection and
diffusion of suspended sediments have been simulated using a residual flowfield. The
suspended sediment concentration field produced by the sediment transport model is used in
MEAD to define the spatial variation of suspended sediment.

The development of MEAD as a new model was based on the need for a higher resolution of
the Irish Sea area. This required that a new residual flowfield be developed. In the
CUMBRIA model, the flowfield was defined as a streamfunction, which had been
interpolated from data produced by a hydrodynamic model using a 35 km resolution grid.
MEAD has been developed to use residual velocities (rather than a streamfunction) which are
extracted from results of the MIKE21 tidally resolving model (developed by the Danish
Hydraulics Institute) using a 2 km resolution grid. The grid used to simulate the flowfield in
MIKE21 is also used in MEAD to simulate the long-term radionuclide transport in the chosen
shelf sea region. The use of a generic hydrodynamic model such as MIKE21 allows a
residual flowfield for MEAD to be developed for any shelf sea area.

Table 1 shows a comparison between transit times, simulated by both MEAD and
CUMBRIA, from the Sellafield marine outfall to the Ribble estuary, some 100 km south of
Sellafield. The original specification of the dispersion coefficients in the CUMBRIA model
results in an accelerated coastal transport. The refined dispersion coefficient values used by
MEAD can be seen to produce a more realistic estimate of the transit time (Mamas et al.,
1995), thus indicating that the basic processes at work in the Irish Sea have been reproduced
well by MEAD.

Source
CUMBRIA
MEAD
Mamas etal. (1995)

Transit time (Sellafield to Ribble) (yr)
-0.01
-1.5
1-2

Table 1 Transit times from the pollutant source off the Cumbrian coast to the Ribble
estuary.
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Radionuclide and other marine pollution in the Sea of Japan

T. Paluszkiewicz
S. A. Thomas
L F . Hibler
Pacific Northwest National Laboratory, Marine Science Laboratory, Sequim,
Washington, USA

B. R. Shaw
Pacific Northwest National Laboratory, Center for Environmental Security, Washington,
D.C., USA

An ocean circulation model has been used together with resource and pollutant maps to
evaluate the transport and cross-border exchange of pollution in the Sea of Japan. The
exchange of water and pollutants in between the Sea of Japan and the North Pacific is
highly restricted and occurs through the two main straits: Tsushima Strait and Tsugaru
Strait. Consequently, contaminants that enter this marginal sea tend to have a long
residence time. The surface circulation, dominated by an inflow branch of the Kuroshio
through Tsushima Strait between Japan and Korea, contributes to the pollutant loading
in the Sea of Japan by contaminant transport from the Yellow Sea. A concern of many
countries is that there is a detrimental effect to the major fish stock in the Sea of Japan
from contaminants as well as from over-exploitation. We evaluate the water quality
threats to the fisheries and to other marine resources by using the contaminant transport
model and a geographic mapping system of natural resources, pollutant source point
locations, and pollutant trajectories.

There has been radionculide contamination of the Sea of Japan from global fallout from
weapons testing as well as from dumping and accidents. From 1966 to 1992 or 1993,
the Russian navy disposed of liquid and solid radioactive wastes (18 decommissioned
nuclear reactors and 13,150 containers of radioactive waste) primarily from nuclear
powered ships of the Northern and Pacific Fleets; most was deposited in the Sea of
Japan. Other radioactive waste entered the waters of the Sea of Japan as a result of
discharges or accidents in bordering sites.

In addition to radionculides, the other sources of contamination include discharges from
thermal power plants, industrial and municipal waste, oil and gas spills, and dumping of
other chemicals. Thermal power plant discharges result-in the introduction of toxic
heavy metals (cadmium, lead, mercury, zinc, and beryllium), particularly if coal is used
for fueling the production. From many of the countries bordering the Sea of Japan,
industrial and municipal waste is dumped largely untreated into surface waters, and
agricultural runoff is responsible for most groundwater pollution. Levels of fecal coliform
in many of the Asian rivers far exceed the maximum recommended for potable supplies,
and the rivers carry large quantities of nitrates and phosphates from both sewage and
agricultural/industrial wastes to the sea. Petroleum hydrocarbon contamination is
increasing rapidly in all the East Asian seas. Sources are oil/natural gas exploration and
production areas, oil terminals, coastal refineries, and major oil tanker casualties and
routes. There is heavy oil tanker traffic in the East Asian Seas to Japan, Taiwan, and
South Korea from the Persian Gulf; newer shipping routes run to South China. From
Chinese coasts, oil enters the Sea of Japan from municipal and industrial wastes in
significant quantities.
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The contaminant transport within the Sea of Japan was modeled by constructing an
ocean circulation model to simulate the flow throughout the region. The model used was
a modified Princeton Ocean Model (POM) with a domain that included both the Yellow
Sea and Sea of Japan. The free-surface configuration was used to facilitate tidal forcing
and the input of river discharge into the model domain. The model was initialized from
climatology, forced with seasonal mean winds, tides, and surface thermal restoring, and
run to a stable circulation. The influence of the Kuroshio was incorporated into the
simulation by specifying a northward flow on the southern boundary.

To estimate the transport of contaminants in and around the Sea of Japan, groups of
floats were released into the modeled circulation after model spinup. Because we
simulated the trajectories of many types of contaminants, we did not include contaminant
fate algorithms (except for particle reactive radionuclides near the dump sites).
Simulations of radioactive contaminant floats were released south of Vladivostok (liquid
radioactive dump), near Wasaka Bay, Japan, where several nuclear power plants (NPP)
are located, and near the southeast coast of South Korea, where several NPP are
located. Four sets of floats were released where oil spills occurred: one near
Vladivostok; two off the west coast of Japan; and one at the center of Tsushima Straits.
Four sets of floats were released where dumping of nonradioactive wastes occurred:
one each in Bo Hai Bay and the Yellow Sea where aircraft fuel was dumped, and two at
other sites where explosives, liquid and solid inflammable wastes, industrial wastes, or
dredged materials were dumped. Finally, a "picket fence" alignment of floats was placed
around the Korean Peninsula to illustrate the estimated transport pathways from the
coastal region. Figure 1 illustrates the results of one of these simulations. The
contaminant transport pathways are examined in light of the geographic distribution of
marine resources and compared with observations of contaminants and consequent
effects.

Figure 1.

124' 12B* 132'
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INTEGRATED MODEL DEVELOPMENTS FOR ASSESSING TOXIC ELEMENT
TRANSPORT IN TERRESTRIAL, RIVER AND ESTUARINE ECOSYSTEMS

W. R. SCHELL
Graduate School of Public Health, University of Pittsburgh, PA , USA

A systematic evaluation of the environmental distribution and fate of toxic metals and
radionuclides in natural, semi-natural and estuarine ecosystems has been initiated. The goals are
to develop, test and validate integrated models for use in establishing policies to limit excess dose
to the exposed population. Multi-media modeling using GIS and the latest computer software can
provide a technical foundation and lead to predictions in assessing global industrial effluents, their
effects on the ecosystem and on man. Such predications must be validated by experimental
measurements and error limits of the parameters assigned. The consequences resulting from
remedial policy actions designed to limit dose in the event of another nuclear reactor accident, or
from long-term exposure to an industrial chemical effluent, must_be addressed by the models.

Radionuclides from nuclear weapons development and accidents at Kyshtym and
Chernobyl are deposited on forests, agricultural lands, marshlands, rivers and lakes in regions
utilized by the population for food, employment and recreation. In question is the length of time
these areas will remain contaminated; thus, one requirement for a dynamic model is to predict the
radiation or chemical dose in the future. Recent developments in the Geographic Information
System (GIS) have provided a modeling framework where information can be collected and
utilized. However, the application of GIS to ecological models is in its infancy. New
mathematical tools of linked partial differential equations (PDE) and cellular automata (CA) can
be used to great advantage in such complex ecosystems [1]. In addition, simple models are
required which use the minimum number of variables, but which can explain the generic system.
Recently developed software can provide generic models for ecologists to test concepts [2]. These
models can then be employed for site-specific conditions. Different degrees of complexity can be
incorporated into models by varying the compartment number and functional dependence of the
rates of intercompartmental pollutant flows.

Deposition of toxic material on catchment basins requires an understanding of several
ecological units. For example, the linkage of information on terrestrial, marshlands, rivers, lakes
and estuaries and the material interactions among these environments can be described by models.
Several compartments in contaminant flow are needed to describe the natural processes and
cannot be restricted to considerations of only pans of the ecosystem. Interdisciplinary background
is required for experimentalists and theorists to formulate the model development, use, testing and
validation. Environmental and human risk assessments must include consideration of the most
exposed individuals, ie., critical groups. An integrated system model is required to focus on
planning and on predicting possible accident and health effects from the consumption of
contaminated water and aquatic organisms. The model encompasses terrestrial, interface
and aquatic components and the material flow between them. Figure 1.

Two hydrological processes must be considered in modeling, namely, transport by
overland flow through the upper soil layers and infiltration where moisture provides the driving
force for metals transport [3]. The net transport of each chemical element depends upon the
resistance of moisture transport and the resistance caused by element soil-matrix bonding [4].
Thus, to describe the transport of toxic compounds to the ocean, we must consider three
dimensional flow of material deposited on land from atmospheric sources. At any location, the
driving forces are due to local hydrological conditions which can mobilize terrestrial material.
The time required for such mobilization is important to the health of biological organisms in
repositories of rivers, lakes, estuaries and oceans. To quantitate such processes, we must revert
to multi-component models which can utilize the ever expanding data base for testing and
validation purposes.

The integrated system model is focused on planning and on predicting possible
accident and health effects from the consumption of contaminated water and aquatic organisms.
In brief, the specific objectives of the study are to:
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(a) (b)
Figure 1. Integrated model development showing (a) conceptual Terrestrial, Interface and Aquatic
ecosystems and (b) Geographical Information System contaminant modeling for fate and transport
in catchment basins.

a) Quantify die physical, chemical and biological processes influencing the behavior of
l37Cs,*°Sr. oilier radionuclides and selected toxic trace elements deposited in river catchment
basins leading to estuaries.

b) Provide scientific basis for predicting the impact of such contaminants on catchment
areas and their consequent inputs into aquatic ecosystems.

c) Obtain detailed information on the factors influencing the concentration levels and
transport of elements to define and incrementally improve on the reliability and accuracy of
assessments of radioactive and toxic metal exposure of humans and other organisms.

d) Provide the basis for a practical model, or series of linked models, to be used by
regulators and governments to yield an initial prediction of radiation and toxic chemical dose upon
which formulation of public policy decisions would be based.
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MARINE OLIGOTROPHY AND RADIONUCLIDE
BIOGEOCHEMISTRY

R. A. Jeffree, Australian Nuclear Science and Technology Organisation,
PMB 1, Menai, 2234, Australia

Previous studies have reported on the enhanced concentrations of
the naturally-occurring polonium-21.0 in zooplankton from the
oligotrophic waters of French Polynesia, relative to both other naturally-
occurring radionuclides and to Po-210 levels in zooplankton from other
geographical regions [1,2]. These elevated concentrations of Po-210 in
zooplankton, that are inversely related to zooplankton biomass, have been
explained by a biogeochemical concentrating mechanism directly related
to the degree of oligotrophy of the marine environment. The associated
mathematical model, that can predict Po-210 concentrations in
zooplankton over three orders of magnitude in biomass, is underpinned
by;

i) the capacity of phytoplankton and seston to associate with Po-210,
ii) their transformation by zooplankton into faecal pellets that quickly

leave the water column- thereby providing a mechanism for Po-210
removal from the euphotic zone whose rate is dependent on
zooplankton biomass and consequently diminished in regions of
low zooplankton biomass, and

iii) high concentration factors for Po-210 in phytoplankton, seston and
zooplankton [3,4].

The likelihood that such a concentrating mechanism would also
operate for other elements, that may contaminate oligotrophic marine
environments, has been evaluated by a statistical determination of;
a) the degree of consistency in the accumulatory behaviour of a range of

elements among a series of environmental compartments, including
phytoplankton and zooplankton, and

b) the degree of uniqueness of Po-210 in its accumulatory behaviour,
among a range of elements.

These analyses have identified a suite of elements that are most likely
to show enhanced bioaccumulation in zooplankton from oligotrophic
marine systems. Both the methodology developed and results obtained
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are relevant to the development of risk-based approaches for the
management of elemental contaminants in the world's oceans, of
which 50% are classified as oligotrophic.
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Sediment deposition rates on the Continental margins of the eastern Arabian Sea
using210 Pb, 137Cs and 14C.

B.L.K. Somayajulu, R. Bhushan, Ashish Sarkar

Physical Research Laboratory, Ahmedabad 380 009, India

A.J.T. Jull
NSF Arizona AMS Facility, The University of Arizona

Tucson, AZ 85721, USA

The continental margin of the eastern Arabian Sea i.e. west coast of India, is a very interesting

region with both south west (June-Sept.) and north-east (Nov. -Feb.) monsoons having profound influence

on the circulation, upwelling and associated biological productivity in it. The region under study (Fig. 1)

receives varying rainfall (-30 cm/y in the north - -250 cm/y in the south) during the south west monsoon.

Due to high biological productivity, the intermediate waters (200 - -1000 m) are perennially anoxic and

intense denitrification takes place in the north eastern (15°N-20°N) region. One can in principle use this

region (Fig. 1) as a natural laboratory to study past monsoonal and associated climate changes,

anthropogenic inputs etc. The crucial parameter for sequentially placing the changes is geochronology, i.e.

determination of sedimentation rates.
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Nine ~lm to ~2m long gravity cores collected from water depth of 30-1680 m and sampled

immediately after at 1-2 cm intervals have been used. Naturally occurring 210Pb (half life = 22.3 y), I4C

(=5730 y) and man-made l37Cs (= 30 y) were measured in these cores. The 2l0Pb and l37Cs measured upto
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<20 cm using non-destructive y counting using calibrated well type Ge detector. Several samples from core

2502 were also measured for 210Pb (via its granddaughter 210Po) by radiochemistry and alpha spectroscopy,

the agreement between the two techniques is very good. For AMS MC dating, planktonic foraminifera

generally in the size range, >200 nm were separated, cleaned and washed. At the Arizona NSF facility

CO2 was liberated from the forams, converted to graphite and used for I4C measurement.
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A typical down core profile of the three types of measurements in core 2502 are shown in Fig. 2.

The 210Pb and 137Cs based rates are in the range of 0.4 to 3.5 mm/y and are in mutual good agreement; these

can be used for the past one century especially the 2l0Pb based rate. It should be pointed out that the l37Cs

peak, fall-out and consequently its peak deposition took place in 1962-63. Though there are reports

concerning the migration of Cs (via pore waters) in the upper sedimentary column, matching the l37Cs peak

activity with 1963 yielded sedimentation rates that are in good agreement with those of 210Pb. The n7Cs and
2l0Pb inventory distribution (Fig. 1) shows that in areas of low 210Pb inventory (<10 dpm/cm2), 137Cs is not

present, the causes will be discussed. The I4C ages in principle show decrease from surface to deepest

section in all the five cores studied. Cores 2502 and 3268G5 gave the best profiles (Fig. 2), where the

surface-extrapolated ages are 370 and 560 y, respectively which mostly represent the reservoir age. It is

known that the southern part of the region, from which 3268 is collected, experiences more upwelling

which can result in higher reservoir age. In the other three cores, despite older ages encountered, the ages

increased with depth leading to derivation of sedimentation rates; these ranged from 0.08 to 0.9 mm/y.

Translated to sediment deposition, this means that in the upper -10-20 cm of relatively unconsolidated

sediments, the accumulation rates were 1.2 to 8 times faster than the ones in the bottom sections. These

rates will be of immense value for the paleo-studies which will be discussed.
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The Use of Natural ^C as a Tracer to Identify the Incorporation of Younger Material Into the
Organic Component of Sediments From the Gulf of Carpentaria, Australia.

M. J. Head and P. De Deckker
Research School of Earth Sciences and Dept.of Geology, Faculty of Science, The Australian National
University, Canberra, ACT 0200, Australia.

E. M. Lawson . . . . .
ANTARES AMS Facility, Division of Physics, ANSTO, Lucas Heights, NSW 2234, Australia.

The Gulf of Carpentaria is a shallow epicontinental sea lying between Australia and Papua New
Guinea, connected to the Arafura Sea across a -53 m sill, and to the Coral Sea across the 12 m deep
Torres Strait. During the Quaternary, sea level fluctuations would have subaerially exposed the Gulf
of Carpentaria a number of times. Torgersen et al. (1985) identified the seismologically visible
shoreline of an ancient lake, which they named Lake Carpentaria.
A cruise of the area, conducted in 1982, resulted in the collection of thirty five cores with good
seismic control, most of which were taken from water depths >60 m. The samples used in this study
came from the type section (GC-2). Torgersen et al. (1985, 1988) have described the stratigraphic

units in detail, and have provided a ^ C chronology for the top 220 cm of the core. The stratigraphic
section has been divided into five units. The top unit (0-30 cm) is basically marine in origin, while the
rest of the core is made up of a mixture of marine, estuarine and lacustrine sediments (De Deckker,
1988, 1991).

The purpose of this study was to compare ^ C ages of "chemically inert" organic carbon with those of
foraminifera and ostracod material taken from sample material collected at regular intervals from the
top four units, using the technique of accelerator mass spectrometry.
CO2 from each foram or ostracod sample was obtained by the standard acid evolution technique using
dry HP3O4. For organic extractions, each sediment sample was subjected to a series of three solvent
extractions using solvents of different polarity, in an ultrasonic bath. A full explanation of the
procedure has been detailed by Head et al.(1989). From the lack of colour in the solutions, it was
assumed that very little material was extracted from the organic component of the sediment samples.
The samples were then treated with hot 5% NaOH solution, and it was found that the NaOH solutions
remained only slightly coloured, indicating that there was very little NaOH soluble material in the
sediment. The NaOH liquor was then separated by filtration, and the residue was treated with hot 10%
HC1, rinsed and dried. CO2 was obtained from portion of the NaOH insoluble component of each
sample using the standard sealed tube technique with CuO. The procedure used for preparation of

sample graphite for ^C AMS determinations is as described by Head et al. (1989). The AMS
determinations were carried out at the ANTARES AMS facility at ANSTO, Lucas Heights, NSW
(Tunizetal., 1997).

Fig 1 indicates a plot of paired organic and inorganic ^C ages, showing that the inorganic fraction
results form a reasonable sequence with depth, but the organic fraction ages actually become younger
with depth down to 136 cm (107% Modern), then become older again. The shape of the organic age
plot with depth can be compared with a typical concentration plot of a compound moving through a
chromatographic column. A compound moving through a chromatographic column has a relatively
sharp leading edge, then the concentration gradually tails off. From this observation there is a strong
possibility that very young (post bomb) organic material is moving down the profile in a similar
manner to a chemical compound moving through a chromatographic column. At this stage no work
has been carried out to identify the contaminant, and it could be either a natural phenomenon or
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human-produced pollution. Neither the solvent extraction step nor the alkaline leach has managed to
isolate it. More work will be carried out in order to identify the material.
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The identification of this material as a contaminant is extremely significant and illustrates the use of
l^C as a tracer rather than a dating tool. The fact that sandy sedimentary sequences can act as a
chromatographic column has been suspected, but this study illustrates the phenomenon very clearly.
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Tracing the Ocean Carbon Cycle with Carbon Isotopes:
Results from the WOCE 813C Program

Ann P. McNichol*, Michael Lerperger*, Rolf Sonnerup-, Paul Quay-, Robert Key+,
Peter Schlosser1, and NOSAMS*

*Woods Hole Oceanographic Institution, Woods Hole, MA 02543 USA
-University of Washington, Seattle, WA USA
+Princeton University, Princeton, NJ USA
'LDEO, Palisades, NY USA

Stable and radio- carbon isotope data provide different information about ancient

and recent processes in the oceans. In the surface ocean, 513C can be used to help track the

invasion of fossil-fuel-generated CO2 into the oceans, a process influencing the atmosphere

since the 1800's. Ever since the thermonuclear tests during the 1950's and 1960's doubled

the atmospheric inventory of radiocarbon, A14C can be used to track upper ocean

processes. In the deep ocean, 813C provides information about the carbon cycle in a water

parcel and Al4C can provide a time stamp.

In 1988, the National Ocean Sciences Accelerator Mass Spectrometry (NOSAMS)

Facility was established to provide analyses for the World Ocean Circulation Experiment

(WOCE) Radiocarbon Program, a program designed to survey the A14C of dissolved

inorganic carbon (DIC) in the Pacific, Southern and Indian Oceans. The use of AMS to

measure radiocarbon in the oceans greatly increased the geographic coverage possible

because of the reduced sample size, shortened counting time, and the ability to ship the

samples to shore for processing. In addition to assembling and operating a dual injection,

3 MV tandem accelerator, the facility was designed to process the samples collected from

the WOCE program. Because the samples were not processed at sea, we had the

opportunity to design our procedures to provide scientifically useful stable carbon isotope

data as well as high precision radiocarbon data.

In the laboratory at NOSAMS, we extract carbon as CO2 from the 500-ml samples

collected at sea and then convert the gas to the filamentous carbon (referred to as graphite)

analyzed in the accelerator. During the transfer of CO2 gas to a graphite reactor, a small

portion is diverted to a VG Optima isotope ratio mass spectrometer for stable isotope

analysis. Continued analyses of an internal seawater standard indicate that our

reproducibility is between ±0.03-0.05 0/00 with the lower values most appropriate for

analyses in recent years. We have participated in inter-laboratory calibration exercises to

assure the comparability of our data sets with those collected in other laboratories.

Although a number of physical and biological processes affect the 813C of the

surface ocean, e.g. photosynthetic uptake and respiration of DIC and air-sea interactions,

the impact of fossil-fuel CO2 in the oceans is very evident. In the Pacific Ocean, data

collected only two decades apart show a significant depletion in 813C (Figure 1); the

magnitude varies geographically. Detailed studies of the depth distribution of 813C in the

water column can be combined with other WOCE measurements to quantify the Suess
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effect, i.e. the decrease in A14C, and also 513C, due to fossil-fuel burning (Sonnerup and

Quay, 1998). Initial results indicate that the inventory of fossil-fuel CO2 is greatest in the

high latitude North Atlantic.

To date, we have completed the analysis of all samples from the Pacific and

Southern Ocean cruises and are currently analyzing the Indian Ocean samples. We will

describe the general trends evident in the whole ocean data and examine the surface data to

define regions of the ocean where air-sea interactions are more important than biological

ones in controlling the 813C. Biological interactions can be constrained using the

distribution of dissolved nutrients to predict an expected 513C value (Broecker and Maier-

Reimer, 1992). In regions where air-sea interactions are the greatest, the deviation from

this expected value will be the largest.
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RE-DISTRIBUTION OF 129IODINE FROM NUCLEAR FUEL REPROCESSING
FACILITIES: RESULTS FROM METEORIC, RIVER, AND SEAWATER TRACER
STUDIES

XA9951231

J. E. Moran
Lawrence Livermore National Laboratory, Livermore, CA, USA

S. Oktay, P.H. Santchi, and DR. Schink
Texas A&M University, College Station, TX, USA

Releases of the long-lived radioisotope of iodine, 129I (T1215.6 m.y.) from nuclear fuel
reprocessing facilities in England and France have completely overwhelmed natural, and even
bomb-deposited inventories. We measured the ratio of I to stable iodine, I, in several
environmental matrices to explore potential uses of this anthropogenic I29I as a biogeochemical
and hydrologic tracer. U9yn \ ratios were measured by accelerator mass spectrometry, while
stable iodine concentrations were measured by inductively coupled plasma mass spectrometry.

Results from continental U.S. meteoric water and the epiphyte "Spanish Moss" show
that 129I is transported globally through the atmosphere, with a small fraction of the estimated
atmospheric releases from Europe reaching the U.S. The median ratio measured in 14 rainwater
samples from the continental U.S. is 2100xl0'12, corresponding to a 129I concentration of 2.5xlO7

atoms/L. A similar result for the n9yn7\ ratio in epiphytes from the southern U.S. suggests that
the pattern of dispersal has been in effect for at least the past few years. In contrast, a sample of
snow from France had a much higher ratio of 48,000x10'12. While there is a general decrease in
stable iodine content (and corresponding increase in 129I/I27I ratio) in meteoric water with
distance away from the coast, the pattern is not as distinct as it is for chlorine, owing to the high
reactivity and long residence time of iodine (in its various forms) in the atmosphere. The
inferred dominant mode of transport is easterly, within the troposphere, mainly in the organic
gaseous form, methyl iodide.

The Rhine and Rhone Rivers in Europe, and those in the U.S. with nuclear fuel
reprocessing facilities (such as the Savannah River Plant and the Hanford facility) in their
watersheds, have 129I/I27I ratios Vz to 3 orders of magnitude greater than for rivers distant from
reprocessing facilities (Fig. 1).
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Figure 1. The dashed line divides rivers influenced by local point sources (above)from those
whose main source of I29I is globally distributed atmospheric emissions from European nuclear
fuel reprocessing facilities.
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End members can be roughly identified as a meteoric source and a rock/soil source.

In North American rivers outside the influence of local 129I sources, measured 129I/ 127I
ratios range from 70xl012 to 2300xl012, which correlate inversely with the stable iodine
concentration (n=30). Mixing between low-ratio, soil-derived iodine and high-ratio, atmospheric
iodine is evident (Fig. 2). Watershed geology seems to exert primary control on stable iodine
concentrations in river water, with agricultural activity and climate exerting secondary control.
129I content can thus be used to distinguish sources of salt in rivers, since ground water, oceanic
cyclic salt delivered atmospherically, and soil leachate, have distinct l29jy127l ratios. The
residence time for soil iodine, based on data for the Mississippi River, is approximately 100
years. While this is shorter than the residence time calculated by some models, it is likely that
the recently deposited 129I is in a more labile form than refractory, organically-bound iodine in
soils.

The high ratios observed in rivers indicate a significant worldwide flux of 129I off the
continents into the oceans, about 0.5 kg/yr. However, 30 years accumulation of this flux, all in
the ocean's mixed layer (top 100m), would result in a seawater ratio of 5xl012; much lower than
that observed. Measurements of 129I/127I ratios in seawater in areas distant from Sellafield and
La Hague include those by Santschi et al. (1996) in the mid-Atlantic Bight, and Schink et al.
(1995) in the Gulf of Mexico. Ratios near the surface are 107xl012 and 67xlO12, respectively.
Another profile from the Gulf of Mexico taken in 1996, but prepared by a different method of
chemical extraction, gave similar results, with a maximum ratio of 95xlO12. While these ratios
are about an order of magnitude lower than those observed in most rivers from the adjacent
continent, they are not influenced by runoff from the continent. Current-bom transport of fuel
reprocessing I29I from the North Sea comprises the majority of the 129I measured in seawater
even in locations remote from the source.

References.
Santschi, P. R , D. R. Schink, S. Oktay-Marshall, O. Corapsioglu, U. Fehn, and P. Sharma,
Evidence for elevated levels of Iodine-129 in the Deep Western Boundary Current in the Middle
Atlantic Bight, Deep Sea Res., 43(2), 259-265, 1995.

Schink, D. R., P. H. Santschi, O. Corapcioglu, P. Sharma, and U. Fehn, 1291 in Gulf of Mexico
Waters, Earth Planet. Sci. Lett., 135, 131-138, 1996.
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ACCELERATOR MASS SPECTROMETRY MEASUREMENTS OF POLYCYCLIC AROMATIC
HYDROCARBONS IN SEDIMENTS

C. M. REDDY, A. PEARSON , T.I.EGLINTON, A. P. MCNICHOL
Woods Hole Oceanographic Institution (WHOI), Woods Hole, MA, USA, 02543

L. A. CURRIE and S.A. WISE
National Institute of Standards (NIST), Gaithersburg, MD, USA, 20899

We have developed a method for molecular-level radiocarbon analysis of pyrogenic polycyclic
aromatic hydrocarbons (PAH). Because radiocarbon represents an ideal parameter to distinguish between
fossil fuel (infinite I4C age) from modern biomass (contemporary 14C age) combustion sources of PAH, this
method will be used to investigate the historical record of inputs of pyrogenic PAH to freshwater and
marine sediments. From these results, we hope to reconstruct the extent to which the proportion of fossil
fuel derived pyrogenic PAH has varied since the pre-industrial age and to identify which PAH represent the
most effective tracers of modem and fossil combustion sources.

This method is described in detail in [1], but briefly, sediments (100 to 1000 grams dry weight
depending on the concentrations of PAH) are extracted with organic solvents. The extracts are first
fractionated with conventional silica-gel chromatography and then by semi-preparative high-pressure liquid
chromatography (HPLC), which produces high-purity ring-class fractions of PAH. The semi-preparative
HPLC step is not discussed in [1] and significantly aids in separating the PAH from the unresolved
complex mixture (UCM). Individual PAH are then separated and collected by repeated injections on a
preparative capillary gas chromatograph (Figure 1) until 25 to 250 ug of each individual PAH are obtained
[2]. Six individual PAH per sample can be collected. Each PAH is then converted to graphite, and targets
are prepared and measured for radiocarbon at the National Ocean Sciences Accelerator Mass Spectrometer
(NOSAMS) facility at Woods Hole Oceanographic Institution. Contamination and isotopic fractionation
have been checked throughout this method, and these account for an error of less than 10 %o (AUC units).

Figure 1. Schematic of preparative capillary gas chromatograph.
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Using this method, we have analyzed the National Institute of Standards and Technology's Standard
Reference Material (SRM) "Organics in Marine Sediment", which is a surface sediment from the
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Chesapeake Bay (US east coast) that is located below the Francis Scott Key Bridge. The concentration,
AI4C, and fraction modern (fm) of several PAH are shown in Table 1.

Table 1. The concentration, A14C, and fraction modern of several PAH in Chesapeake Bay sediment.
Compound
(abbreviation)

Benz[a]anthracene
(BaA)

Chrysene
(CHR)

Perylene
(PL)

Benzo[ghi]perylene
(BghiP)

Structure

®~®

Concentration
(ngg 1 ) 8

427±25

380±24

452±58

525±67

A'4C
(%o)

-948±5

-966±3

-713±12

-921±11

Fraction
modern

(Ub

0.0522±
0.0051

0.0346±
0.0027

0.2890±
0.0113

0.0794±
0.0105

" Concentration determined and certified by the NIST. fm is defined relative to pre-bomb testing (1950).

The four PAH analyzed have approximately the same bulk concentration in the sediments (380 to
525 ng g"1), but vary in the radiocarbon content. Chrysene contains the least amount of radiocarbon, with a
fraction modern only 0.03. Benz[a]anthracene and benzofghijperylene are slightly more modern than
chrysene. Surprisingly, benzo[ghi]perylene, which has been proposed to be a marker of automobile
exhaust, has a non-zero radiocarbon content. Perhaps chrysene, with its smaller amount of radiocarbon may
be a better marker of fossil fuel combustion than benzo[ghi]perylene. Perylene contains a significant
amount of radiocarbon and suggests a partially modern source, which is consistent with previous
observations of in situ production of this compound in sediments. These preliminary results clearly show
the strength of this approach and pave the way for quantitative apportionment of this important class of
contaminants on a compound-by-compound basis.

To investigate the sedimentary record of pyrogenic PAH in the central and coastal United States,
sediment cores from two locations, Pettaquamscutt River, South Kingstown, Rhode Island and Lake
Siskiwit, Isle Royale, Michigan are being analyzed and will be discussed. These sites were chosen
because, due to their location, the input of PAH is mostly via atmospherically-transported particles
(combustion) and because the fluxes and chronologies of PAH inputs have been previously determined [3].
For comparison purposes, the radiocarbon content will be measured in the sedimentary bulk organic matter
and soot carbon in addition to the target analytes. These results will be used to understand and investigate
the historical variations in the input of pyrogenic PAH to the environment.

REFERENCES
[1] Currie, L.A., Eglinton, T.I., Benner, B.A., and A. Pearson. 1997. Radiocarbon "dating" of individual
chemical compounds in atmospheric aerosol. First results comparing direct isotopic and multivariate
statistical apportionment of specific polycyclic aromatic hydrocarbons. Nucl. Instr. and Meth. 123, 475-
486.

[2] Eglinton, T.I., Aluwihare, L.I, Bauer, J.E., Druffel, E.R.M, and A.P. McNichol. 1996. Gas
chromatographic isolation of individual compounds from complex matrices for radiocarbon dating.
Analytical Chemistry 68, 904-912.

[3] Gschwend, P.M. and R.A. Hites. 1981. Fluxes of polycyclic aromatic hydrocarbons to marine and
lacustrine sediments in the northeastern United States. Geochem. Cosmochim. Ada 45, 2359-2367.
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CHEMICAL AND ISOTOPIC CHARACTERIZATION OF PARTICIPATE
ORGANIC MATTER

J. VAN DER PLICHT AND L. MEGENS
Centre for Isotope Research, University Groningen, Groningen, the Netherlands

J.W. DE LEEUW
Department of Marine Biogeochemistry and Toxicology, Netherlands Institute for sea
Research, Texel, the Netherlands

Estuaries form an interface between marine and fluviatile water masses where
riverine water is flowing into the sea and complex processes of mixing of water
masses, deposition and resuspension of particulate matter and production and
mineralization of organic matter take place. A better understanding of these processes
is important for acquiring insight in the carbon flux from land to ocean.

Particulate Organic Matter (POM) in estuaries is a mixture of terrestrial,
fluviatile and marine components, consisting of phytoplankton cells, organic debris
and eroded material from soils, peats and sediments. A distinction between marine,
fluviatile and terrestrial originated components can be made based on their different
stable carbon isotope ratios. The material can also be characterized by radiocarbon
dating as fresh phytoplankton is distinguished from eroded material by its lower I4C
age. The 14C activity is measured using Accelerator Mass Spectrometry (AMS), a
technique that enables the measurement of much smaller samples than by
conventional methods because not the radioactive decay is measured but the 14C and
12C atoms are directly counted based on mass spectrometry principles.

Besides the isotopic signature also the molecular characterization could give
information about the origin and history of organic matter. We primarily use
Pyrolysis-GC-MS to study the composition and structure of the bulk samples and
non-volatile fractions while more volatile components are analyzed by means of GC-
MS.

Washington coast
Three samples of recent sediments from the shelf and slope west of the state

Washington, USA, were separated in hydrodynamically sorted size fractions. All three
samples showed different patterns for 513C and 14a of the fractions. In the sample
closest to the coast 14a decreased with increasing particle size, while in the more
seaward sample 14a increased with increasing sample size. This can be explained
assuming that terrestrial OM consists mainly of eroded material which is older
than marine OM. Coarse particles from the river settle close to the coast, thus
giving a low 14a in the coarser fractions in the sediment, while fine terrestrial
particles can be transported more far off shore, thus giving relative low 14a values
in the finer fractions of the more off shore sample.

North Sea
Four suspended matter samples from a sampling station 10 miles from the

coast of the Netherlands taken in the different seasons of 1994 were analyzed.
14a values were high in spring and summer, caused by phytoplankton blooms. In
winter and autumn the 14a value was much lower, indicating that the fresh
organic material almost disappeared from the water column or was heavily
diluted with old organic material. 513C values are were between -17 and -19%o in
spring and summer, values typical for phytoplankton, and ca. -23%e in winter.
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Ems-Dollard
1. Time series suspended matter

Of suspended matter samples taken every three months for two years both bulk
and isolated chemical fractions were analyzed. The spring phytoplankton bloom
caused an increase in the l4a value of suspended matter in spring, which in 1993 was
paralleled by an increase in the 5I3C. Hot water extracts, consisting mainly of
carbohydrates and some protein, and hydrochloric acid hydrolysates, consisting
mainly of amino acids, have much higher 14a values than the bulk. The residues after
hot water extraction, HC1 hydrolysis, lipid extraction and saponification have much
lower values. Lipids, saponification extracts and the final residue have the same 5I3C
values for all the samples.

2. Size fractions
A sample of surface sediment was fractionated by sieving and settling. There is

a large difference in |4a between fractions finer and coarser than 20 UMTI (ca. 80 pMC
and 50 pMC respectively). The organic material in the coarse fractions originates
from eroded old deposits. It could not be determined with certainty if these were
terrestrial or marine. The OM in the finer fractions probably consists of marine,
terrestrial and locally produced material.
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The AMS Analysis of 129I and 135Cs: Development of Tools for
Oceanographic Tracing and Pollution Source Identification.

X-L. Zhao, W. E. Kieser and A. E. Litherland
IsoTra.ce Laboratory, University of Toronto, Toronto, Ontario, Canada

J. N. Smith
Bedford Institute of Oceanography, Dartmouth, Nova Scotia, Canada

S. W. Fowler and J-C. Miquel
IAEA Marine Environment Laboratory, Monaco

Iodine-129 concentration measurements in the range 5 to 150 xlO7 atoms
per litre have been carried out on 500 ml samples of Arctic Ocean water
obtained during a series of icebreaker and U.S. Navy nuclear submarine
cruises between 1993 and 1997. The concentration gradients observed[l] in
both the Arctic and North Atlantic Oceans indicate that the sources of this
isotope are the nuclear fuel reprocessing plants located at Sellafield (UK)
and La Hague (France).

Recently, in the course of investigating the 129I content of water from a
hydrothermal vent in the Aegean Sea, a surface sample of water from the
Cretan Sea was measured as a control. The 129I concentration in this sam-
ple was approximately an order of magnitude higher than the value expected
for weapons tests: 41.2 X 107 atoms/1. Surface water in this location comes
from the western Mediterranean basin which in turn originates from At-
lantic waters via Gibraltar. However, it is unclear whether the elevated 129I
concentration is the result of transport in the surface waters or in the atmo-
sphere, or indeed whether a source different from the reprocessing plants at
Sellafield, La Hague or Marcoule (on the Rhone[2]) is involved.

In the case of some of the Arctic and North Atlantic samples, additional
source and timing information was obtained from the concentration of cae-
sium isotopes. However, because of the longer transit times (tens of years)
and the short half life of 134Cs, only 137Cs concentrations can be measured
and so this information has limited applicability. 135Cs is produced in similar
quantities in fission reactions and, with its half life of 3 X 106a, can provide
source and timing information wherever the 129I and 137Cs can be measured.
However, like 129I, its length of half life requires that AMS techniques be used
to determine its concentration.

Preliminary experiments carried out by the late Dr. L. R. Kilius at
IsoTrace showed that the presence of even trace amounts of 135Ba can cause
interference problems in the detection of 135Cs. These measurements have
subsequently been confirmed (X-L. Zhao) and so additional techniques for
attenuating the level of the 135Ba interference are being investigated.
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Experiments are underway to test the following two novel methods of
Cs~ ion beam production which will attenuate Ba~:

a) Generation of Cs+ and charge changing to Cs~. Using a negative
sputtering beam such as 0~ , Cl~ or I~, sample targets made of CS2O
can be sputtered to produce Cs+ . The Ba+ is then attenuated with
respect to the Cs+ by charge transfer in Ba vapour and a magnetic
field. The Cs+ , which is not resonantly destoyed in the Ba vapour,
is then charge changed to Cs~. This is predicted to attenuate the
production of Ba~ by 104[3].

b) Generation of Cs~ by resonant transfer. In this method, the sample
material is vapourized in a canal. An incident beam of Cs~ is incident
on the canal and produces Cs~ from the sample material by electron
transfer. This method attenuates the Ba~ because of the much lower
vapour pressure of Ba and the lower cross section for electron trans-
fer^].

Results from the tests of these two methods as well as additional 129I
data from Mediterranean Sea samples will be presented.

1. J. N. Smith, K. M. Ellis and L. R. Kilius, "129I and 137Cs Tracer Measure-
ments in the Arctic Ocean" Deep-Sea Research, in press

2. F. Yiou, G. M. Raisbeck, Z. Q. Zhou and L. R. Kilius, "129I in the Mediter-
ranean Sea" in Proc. Conf. Radionuclides in the Oceans RADOC 96-97,
Radioprotection - Colloques 32 C2 (1997) pp.105-108.

3. A. E. Litherland, "New Frontiers in Accelerator Mass Spectrometry: Isobar
Separation Methods at Low Energy", Nuclear Instruments and Methods B92
(1994) pp 202-212.

4. A. E. Litherland, L. R. Kilius and K. H. Purser "Ion Sources Based on Charge
Transfer Collisions" Nuclear Instruments and Mehtods B92 (1994) pp.237-
240.

206



IAEA-SM-354/107 XA9951235

MEASUREMENTS OF RADIOCARBON IN THE VICINITY OF OCEANIC DUMPSITES .
C. Courtney, G. S. Burr, A. J. T. Jull, University of Arizona, NSF-Arizona AMS Facility, Tucson,
AZ 85721, USA and P. Povinec, IAEA Marine Environment Laboratory, 98000 Monaco.

The sensitivity of accelerator mass spectrometry (AMS) allows us to sample small samples of
ocean water (~250ml) for radiocarbon. Since the surface ocean values are known, as a result of
many studies such as the WOCE experiments, this allows us to set limits for release of 14C from
known sites of nuclear material dumped at sea. The sites studied are located in the North-Eastern
Atlantic and the Sea of Japan.

Samples of ocean water are acidified to pH 3 and the dissolved inorganic carbon (DIC) is stripped
in a flow of oxygen, similar to the process used by other laboratories. We are also developing
methods to study dissolved organic carbon (DOC). These techniques are also used for
groundwater measurements. Samples as small as lOOug C oan be measured with our AMS.

Preliminary measurements indicate little evidence of release of 14C from these nuclear waste sites,
we will report on new measurements from the Pacific at the conference. We estimate effects of
an excess of <5X10514C atoms per litre of seawater for the samples, so far studied.
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INVENTORY AND COMPOSITION OF Pu ISOTOPES AND 237Np IN SOIL

J.M. KELLEY, LA. BOND
Pacific Northwest National Laboratory, Battelle Blvd., MS P7-07, Richland, WA 99352, U.S.A.

T. M. BEASLEY
Environmental Measurements Laboratory, U.S. Department of Energy, 201 Varick Street, New York, NY
10014, U.S.A.

In 1970 and 1971 the Environmental Measurements Laboratory and cooperating scientists
worldwide collected a large number of soil samples to better define the global distribution of debris
arising from atmospheric nuclear weapons tests. Shortly thereafter, alpha- and mass spectrometric
analyses of these samples for plutonium resulted in plutonium areal inventory and isotopic
composition values for the regions from which the samples were collected. (1,2) These values
constituted an important baseline, knowledge of which is crucial in assessing possible additional
inputs of plutonium into the environment. Especially important is the isotopic composition baseline.
Polluting radionuclides such as those that might originate from fugitive releases of plutonium can be
recognized and provenance and temporal information deciphered from isotopic composition
measurements. But this can be done only if the isotopic composition of the pollutant can be resolved
from that of the measured fallout-pollutant mixture.

Since these results were obtained, mass spectrometry technology has improved vastly. In
1 g soil samples, measurements at the Pacific Northwest National Laboratory of even the minor
isotopes 241Pu and 242Pu, at abundance levels of 105-106 atoms, are routine and a similar capability to
determine 237Np has been established. Also, concentrations are now determined mass
spectrometrically rather than by the less sensitive method of alpha spectrometry. Consequently,
aliquots of these same soil samples were recently re-analyzed, this time for 237Np in addition to the
plutonium isotopes. Initially, just a few of these samples, representing northernmost locations, were
analyzed. This was to offer a more realistic estimate of the amount of 237Np produced during
weapons testing than had previously been suggested (3) and to help define isotope ratio mixing
curves associated with nuclear debris from the Semipalatinsk-21 weapons testing site in the Kazakh
Republic.(4) This report presents the isotopic compositions and inventories of the plutonium isotopes
and 237Np in all of these soil samples. Discussed are the variability of results in terms of sample
inhomogeneity, proximity to test sites, and the way in which debris arrived from those sites.
Suggestions are offered for recognizing perturbations from regional, baseline isotopic compositions
caused by sources other than fallout.

REFERENCES
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Plutonium isotope ratios in environmental samples from Thule (Greenland)
and the Techa river (Russia) measured by ICPMS and a-spectrometry.

H. DAHLGAARD, Q.J. CHEN, S. STURUP, M. ERIKSSON, S.P. NIELSEN,
A. AARKROG.
Ris0 National Laboratory, DK - 4000 Roskilde, Denmark

January 1968, a B52 plane carrying 4 nuclear weapons caught fire and
crashed on the sea ice in Bylot Sound off Thule Air Base, north-west Greenland. It
has been estimated from sample collections, that the pollution remaining in the seabed
in Bylot Sound by 1968 amounted to approximately 1.4 TBq 239-240pu (-0.5 kg),
0.025 TBq ̂ Pu, 4.6 TBq 241Pu and 0.07 TBq 241Am (Aarkrog et al., 1987; Aarkrog et
al., 1984).

Mitchell et al. (1997) suggested that the Thule material consisted of
plutonium from at least two sources with significantly different isotope ratios. This
conclusion was based on only one biased isotope ratio out of 5 relatively strong
samples (0.6-6 Bq) measured with alpha spectrometry and spectral
deconvolution.

The same 5 samples were later measured at Ris0's HR-ICPMS facility
confirming Mitchell et al.'s observations. At present 13 Thule samples have shown
24opu/239pu a t o m r a t j o s -m t h e r a n g e 0 Q 2 7 . 0 0 5 1 j a v e r a g e o.O43, SD 19%. The

SD value for repeated measurements on most of the samples are 2 - 5 %. It is then
concluded, that there is a variation in plutonium isotope ratios in the Thule debris
significantly above measurement errors.

The Techa river in Russia received radioactive discharges from the Soviet
nuclear weapons facility "Mayak" during several decades after 1949. In 8 samples
of river bank soil and river sediments analysed till now, 24oPu/239Pu atom ratios
were observed in the range 0.016 -0.039, average 0.027, SD 36%.

The Techa samples represent several decades of discharge from the Soviet
nuclear weapons facility "Mayak", whereas the Thule samples represent US
weapons plutonium from 4 weapons disintegrated at the Thule accident. The data
indicates that the 4 US weapons were produced with different qualities of
plutonium that on average was "cleaner" than the plutonium lost at a similar
accident in 1966 in Palomares, Spain (Mitchell et al., 1997), and further that the
Mayak plutonium was cleaner than the US plutonium.

The radioecological implication of this information is that the use of
plutonium isotope ratios in determining quantitatively the influence of different
plutonium sources is a very complex affair requiring substantial data sets.
Specifically for the Thule accident it appears now clear, that the plutonium was not
of one homogeneous quality and that it was not homogenised in the explosion and
the fire following the accident.

Further samples from Thule and from Russia will be analysed, and the
240pu/239pu a t o m r a t j o s w i u b e c o m p a r e d w i t h 238pu/239,240pu ^ 24^239 ,240^

ratios.
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The present work was partly financed by EC contracts under the Fission Safety
Programme; contract number FI4P-CT95-0035 (ARMARA) and number FI4C-
CT95-0001.
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Th-234 AND Be-7 AS TRACERS FOR PARTICLE DYNAMICS AND TRANSPORT OF
PARTICLE-ASSOCIATED CONTAMINANTS IN ESTUARIES

H. FENG, J. K. COCHRAN AND D. J. HIRSCHBERG
Marine Sciences Research Center, State University of New York, Stony Brook, NY 11794-
5000 USA

The naturally occurring radionuclides 234Th (half-life = 24 d) and 7Be (half-life = 53 d) associate

rapidly with particles in the nearshore environment and have different source functions in estuaries

that be used to trace the transport of particles and associated contaminants through the estuary.
234Th is produced from decay of dissolved 238U, which increases as a function of salinity in the

oceans. Thus in partially mixed estuaries, the production of 234Th is greater in the seaward portion

of the estuary. The cosmogenic radionuclide 7Be is produced in the atmosphere and added to the

estuary principally by direct atmospheric deposition. Both Th and Be are particle-reactive elements

that can be scavenged onto particle surfaces in environments where particles are abundant. We have

examined the distributions of 234Th and 7Be in the partially mixed estuary of the Hudson River,

northeastern USA (Fig. 1). The Hudson displays

significant variations in river flow over the

course of a year and is characterized by multiple

sources of contaminants from the large urban

area (New York City) located near the mouth of

the estuary.

Samples of suspended sediment were

collected at four times in the Hudson in 1995

and 1996 (Fig. 1) under different conditions of

river flow. Large volumes of water were filtered

through two 0.5 um filter cartridges in series to

collect suspended particles. Bottom sediments

were obtained by box coring. 234Th and 7Be were

analyzed by nondestructive gamma spectrometry

using a 2000 mm2 planar intrinsic Ge detector.

Relative to their supply, >80% of these

radionuclides are removed from the Hudson

River water column. Specific activities (dpm/g)

of both 234Th and 7Be on suspended particles

increase toward the mouth of the estuary at all

Fig. 1: Map showing sampling sites along the Hudson sampling times (Fig. 2) Such increases are

River Estuary likely due to changes in grain size and particle

surface area as finer grained material is transported out of the estuary. Normalizing the 234Th

activity to that of 7Be reduces the effects of grain size and permits variations in radionuclide source

to be seen. The 234Th/7Be activity ratios are consistently greater in suspended particles collected in

•7U5 •74 n.n -7M
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the seaward reaches of the

estuary, indicating that particles _

have been exposed to greater | £!-

production of 234Th. (Fig 2). 5 » ;

Using a model of Th and Be

scavenging that assumes rapid

scavenging of these elements

onto particles and short

residence times of particles in

the water column, we estimate
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the 234Th/7Be ratio expected if |? J;

local equilibrium obtains

between radionuclide supply
Fig. 2: "Th and Be activities and the ^hJ Be activity ratio as a function of

and decay and removal (Fig. 3). distance along the axis of the Hudson River Estuary. May, 1995 and April,
Relative to the calculated 1996, correspond to high river flow. Open symbols-surface water; filled

2, symbols-bottom water samples

values, the measured Th/ Be

activity ratios show deviations elated to particle transport under different conditions of river flow

and tidal circulation. Samples collected

under flood tide conditions at a time of low

ẑ 2-j / j -e 2 -i M river flow (10/95) show greater that expected

F 1 " i ^s*?--''' Jf 1 " ^ - < i O - " " ' ' Th/Be activity ratios up-estuary, while

samples collected during high river flow

show depressed ratios toward the mouth of

the estuary (4/96; Fig. 3).

The effective half-life of the 234Th/7Be

chronometer is 44 days, and thus processes

causing departures of the Th/Be activity ratio

from local equilibrium must be more rapid

f 1 - A^-^ tS ' "" JF " ^ < ^ y - " " than this time scale.

Inferences made from Th and Be

about particle transport through the Hudson

can be used to help interpret the distributions
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Fig 3. 234Th/7Be activity ratios on suspended particles as a of contaminants in suspended sediments. For
function of salinity in the Hudson River Estuary. Solid and .
dashed curves represent theoretical values calculated example, Ag, a contaminant that has an urban
assuming local equilibrium , rapid scavenging of Be and Th source and is thus added to the lower estuary,
and short (solid curves) and long (dashed curves) residence
times of particles in the water column. Open symbols-surface s h o w s distributions (relative to Fe) that
water; filled symbols- bottom water samples resemble 234Th. During times of high river

flow, Ag/Fe ratios in suspended particles are lower near the estuary mouth relative to times of low

flow.
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Watershed-Based Ecological Risk Assessment for Coastal Agroecosystems.

S. J. Klaine, S. R. Sheffield, The Department of Environmental Toxicology and The
Institute of Wildlife and Environmental Toxicology, Clemson University, P.O. Box 709,
Pendleton, SC 29670 USA;

E. M. Mihaich, Rhone-Poulenc, P.O. Box 12014, Research Triangle Park, NC 27709,
USA;

P. E. Ross, Environmental Science and Engineering Division, Colorado School of Mines
Golden, CO 80401-1887, USA;

F.L. Mayer, U.S. EPA, Gulf Ecology Division, Gulf Breeze, FL 32566, USA.

Ecological risk assessment is a quantitative process that evaluates the effect of a
stressor(s) on the ecosystem. Stressors include chemical, physical or biological entities
that may induce adverse effects on individuals, populations, communities, or ecosystems.
The goal of EPA's ecosystem protection program is to improve the Agency's overall ability
to protect, maintain, and restore the ecological integrity of the nation's lands and waters by
moving toward a place-driven or more site-specific focus. The fundamental unit for this
place-driven approach is the watershed. Observing, assessing and managing ecosystems
on a watershed basis has many advantages. The watershed has pre-defined geographic
boundaries and no one individual or group decides who is included or excluded from the
program. These boundaries are easy for everyone to visualize based on the hydrology of
the watershed and the simple concept that water runs downhill. Hydrology also provides
continuity within the watershed and serves as the basis for understanding how each portion
of the watershed may impact other portions (tremendous educational tool for all levels of
players). From scientific considerations, a watershed approach is extremely useful. This
facilitates the deterministic characterization of several causal relationships. Establishment
of cause and effect relationships between land use and water quality, between upper and
lower portions of the watershed, and between physical modifications of the hydrological
conduit and aquatic resources will produce management scenarios that maximize both
economic productivity and environmental quality within the watershed. Scientifically, the
only potential problem from this geographic unit, is that many terrestrial animal resources
span more than one watershed. In this paper, we present a framework for watershed-based
ecological risk assessment and its application to coastal agroecosy stems. Further, we
demonstrate how this process can lead to the development of watershed-based management
strategies for coastal agricultural watersheds.

Characterization of the stressor-response relationship is central to watershed-based
ecological risk assessment. Landuse, and the associated exported contaminants, may serve
as the stressor while health of critical natural resources serve as the response variable. In
our example, we utilize a geographic information system (GIS) to overlay spatially
distributed data sets within a watershed. The spatial relationship between stressor sources
and critical natural resources becomes diagnostic for characterizing ecological risk. This
risk analysis results in a prioritized list of potentially threatened resources. The result of
this risk assessment is the information necessary to design a strategic watershed
management plan to facilitate the coexistence of needed land use and development with
preservation of natural resources.
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RADIOECOLOGICAL ASSESSMENT OF THE CONSEQUENCES OF
CONTAMINATION OF ARCTIC WATERS - UPDATE ON THE
PROGRESS OF THE EC-SUPPORTED ARMARA PROJECT

P.I. MITCHELL (on behalf of the ARMARA collaboration)
Department of Experimental Physics, University College Dublin, Ireland

The ARMARA project was initiated in late-1995 as a coordinated effort to address the
issue of radioactive contamination of the Arctic environment in response to revelations about
the disposal of large quantities of radioactive waste in the Barents and Kara Seas by the
former Soviet Union. The project has a duration of three and a half years and is being carried
out under the EC's Nuclear Fission Safety research and training initiative (Fourth Framework
Programme, 1995-99). The collaboration comprises ten institutions from eight countries
within the European Union (Denmark, Finland, France, Ireland, Italy, Spain, Sweden, United
Kingdom) and a further three institutions from Norway.

The overall objective of the project is to assess the potential radiological consequences of
anthropogenic radionuclide contamination of the Arctic marine environment. To this end,
model-directed sampling campaigns have been undertaken in the Arctic, and extensive data
on radionuclide contamination and transfer mechanisms have been collected, interpreted and
used to refine and validate an advanced compartmental model of radionuclide dispersal, with
a view to (a) predicting likely short- and long-term doses to man, and (b) providing clear
scientific guidelines for policy and decision makers should the need for remedial action or
counter-measures arise in the future.

To facilitate the achievement of these objectives, the project was divided at the outset into
ten distinct work programmes, each sub-divided into a set of relevant research activities.
These work programmes sought to address the following: (i) scope of the current Arctic
database, including existing models; (ii) design of model-directed sampling campaigns and
experiments; (iii) short-term reactivity of radionuclides upon input into the Arctic and
subsequent reactivity within the water column; (iv) reactivity at the fresh water/sea water
interface and at the sediment/sea water interface; (v) fluxes, mixing layer processes and
advective transport; (vi) transfer processes to living species, including man; and
(vii) optimisation and validation of the RIS0-NRPA compartmental model for the Arctic (and
the north-east Atlantic), and prediction of the likely dose consequences.

Thirty months into the project, substantial progress has been made on the key issues
identified above. A number of major collaborative expeditions have been undertaken in the
high Arctic. Large quantities of data have been accumulated and environmental samples
collected in the course of these expeditions, the analysis of which has yielded much new
information on the behaviour of radionuclides under extreme conditions. These studies have
been complemented by specific laboratory simulations and experiments carried out under
controlled conditions, and have provided a set of realistic, site specific, parameter values for
many of the processes controlling radionuclide dispersion and biological uptake in the Arctic.
These parameter values have been incorporated into an advanced compartmental model
which, in turn, has been used to predict past and future doses to individuals and critical
groups on the basis of release scenarios as defined in the EC/DGXI Kara Sea project.

The model predicts that the collective dose (truncated at 10 000 years) to the world
population will be in the order of 1 man-Sv. It also shows that the annual dose rate to
individuals from a critical group located in the western Kara Sea peaked in the year 1970 at a
value of 2 x 10" Sv y' , with Fe contributing 99% of the dose. Further, the peak annual
dose to individuals from this critical group in the year 3700 is predicted to be 2 x 10"9 Sv y"1

and is dominated by the plutonium isotopes.
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Parameter sensitivity analysis shows that, for the total collective dose, the main
sensitivities are due to sedimentation processes and biological transfer processes. AH of these
parameters have been measured repeatedly in the course of the present programme and
remain the focus of attention, particularly in the context of site specificity.

In parallel with this, a refined version of the model has been developed which, while
maintaining a box structure with uniform mixing in all boxes, also includes the dispersion of
radionuclides over time. Comparison of the calculations based on the more traditional
approach with those obtained using the refined version shows that the latter gives a more
realistic description of the dispersion of radionuclides within boxes. Preliminary results
obtained with the new version of the model yield radionuclide concentrations which are up to
an order of magnitude higher in the initial phase of dispersion than those obtained using
traditional modelling. Calculations of world collective doses to man indicate significant local
differences (up to 30%) in comparison with the original model. However, it is interesting to
note that the higher radionuclide concentrations in the initial phase of the dispersion obtained
with the refined model do not necessarily translate into higher estimated doses.
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RADIOACTIVE CONTAMINATION IN THE ARCTIC SEA'S

PER STRAND

Norwegian Radiation Protection Authority (NRPA), Oslo, Norway

Although there are few nuclear industries in the Arctic, the arctic marine environment has
been contaminated by global fallout, radionuclides in waste discharges from spent fuel
reprocessing plants in Europe, releases from the Chernobyl accident in 1986 and a variety of
civil and military vessel operations. Accordingly, the arctic marine environment can be
expected to show evidence of radionuclide contamination arising from all these sources.

Radionuclide contamination of the Arctic has become a topic of increased interest during the
last five years largely as a result of the revelations of sea dumping of liquid and solid
radioactive wastes and nuclear-powered vessels in the Kara and Barents Seas by the former
Soviet Union and the Russian Federation. Concerns have also been expressed about the
consequences of the sinking of the nuclear-powered submarine Komsomolets in the
Norwegian Sea in 1989 and reported difficulties in the decommissioning of Russian nuclear-
powered military vessels. This has led to international efforts to assess current and potential
radiological exposures and associated risks to human health and the environment in the
Arctic. The Arctic Monitoring and Assessment Programme, AMAP, is undertaking an overall
assessment of the radioactive contamination of the Arctic and associated radiological
consequences. This paper summarises present knowledge of the various contributions to the
arctic marine radionuclide inventory and the distributions and trends of radionuclides derived
from anthropogenic sources and is based mainly on the work performed in the AMAP
programme.

.The sources that have made the largest contributions to radionuclides to the arctic marine
environment are global fallout from nuclear weapons testing, releases from West European
nuclear fuel reprocessing plants, runoff from contaminated land areas, and the Chernobyl
accident. Predominant among these sources is global fallout which has contributed of the
order of 35 PBq 137Cs and 21 PBq ^Sr. The fuel reprocessing plant Sellafield in the U.K. has,
since the 1960s .discharged 137Cs of which 10-15 PBq has probably reached the Arctic
Ocean.

Current levels of radioactive contamination in the Arctic Ocean are comparable with, or lower
than, those in the North Atlantic and European marginal seas. Contemporary large scale
contamination can be attributed to four main sources:

• Global fallout from the nuclear weapons testing,
• Releases from Western European nuclear fuel reprocessing,
• Transport through river systems of releases from nuclear installations or runoff from

contaminated land
• Fallout from the Chernobyl accident.

On local scales, higher levels of contamination may occur, e.g. close to the dumped nuclear
waste in some of the fjords of Novaya Zemlya, at the site of the Thule nuclear weapons
accident and at the sites of underwater nuclear explosions. Estimates of the input from
different sources are given in

Table /.
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In addition to the radionuclides that have been released to, or transported into, the Arctic
Ocean, a number of other sources exist that have the potential to contaminate this area. These
include potential accidents involving nuclear materials at the bases of the Russian Northern
Fleet along the northern coast of the Kola Peninsula, accidents at nuclear power plants, e.g.
the Kola and Bilibino nuclear power plants in Northern Russia and possible transport of
radionuclides from other contaminated areas such as transport through the Ob river system of
radionuclides released from Mayak. All of these sources and the potential for accidental
releases requires attention, specifically assessments of the probabilities and consequences of a
various accident scenarios. Finally, it should be stressed that an understanding of radionuclide
behaviour and transport and exposure pathways to man is essential to the conduct of reliable
dose assessments.

Table 1 Estimated inventories or amounts released and transported to the Arctic Oceans from
selected sources [1]

Source

Global fallout*

Sellafield

Komsomoletsx

River Transport

Dumped Nuclear waste*

Chernaya Bay

Thule

35 PBq

10- 15 PBq

3 PBq

n.d

1.0 PBq

O.001 PBq

n.d (low)

90Sr

21 PBq

1 - 2 PBq

2.7 PBq

2.4 PBq

1.0 PBq

n.d

n.d (low)

238 + 239
+240P u

0.3 PBq

n.d (low)

0.02 PBq

n.d (low)

O.OlOPBq

0.003 PBq

0.001 PBq

n.d: No data available,
n.d (low): No data available, but probably small amounts due to transport or source properties.
* Fallout north of 60° north
+ Estimated amount transported to the Arctic Oceans
x These amounts have not been released into the open environment but are currently mostly

contained in submersed objects

REFERENCES

[1] Strand P., Balonov M,. Aarkrog A., Bewers M., Howard B., Salo A. And Tsaturov Y.
Arctic poluttion Issues: Radioactive contamination. NRPA 1997.
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WORLD-WIDE MARINE RADIOACTIVITY SURVEY (MARS)

P.P. POVINEC
Marine Environment Laboratory, International Atomic Energy Agency, Monaco

IAEA-MEL in collaboration with marine laboratories in several Member States is
carrying out an international project on a world-wide Marine Radioactivity Survey (MARS).

The aim of the project is to improve the understanding of the present open ocean
distribution of radionuclides, to quantify the contribution from different sources which have
introduced radioactivity to the world's oceans, and to provide new data on marine
radioactivity. These investigations will help to determine objectively and comprehensively
the contributions from global nuclear fallout, former nuclear bomb testing at sites in the North
and South Pacific Ocean and from former radioactive waste dumping sites in the Atlantic,
Arctic and Pacific Oceans and their marginal seas. Further, these studies will look for
possible isotopic signals which may have been introduced by the "El Nino" effect, as well as
for possible latitudinal effects in the distribution of natural and anthropogenic radionuclides in
seawater, plankton, fish and sediment in the world's oceans.

The project concentrates on the following radionuclides in the marine environment
(water, plankton, fish, sediment):

- anthropogenic : 3H, 14C, 90Sr, "Tc, n \ 137Cs, 237Np, 238Pu, 239Pu, 240Pu, 24]Pu,241 Am

- natural: 210Pb, 210Po, 226Ra, 234Th, 236U, 238U

Recognising that limitations in resources and time make ocean-wide monitoring
surveys impossible, the project:

a) has a primary regional focus on the Pacific and Indian Oceans.

b) will help to provide linkages to extrapolate the results to contemporary ocean wide
surveys such as the tracer component of the World Ocean Circulation Experiment
Hydrographic Programme (WOCE). In particular, the relationship of tritium to 137Cs
and 90Sr should allow extrapolating from the WOCE tritium distributions to inferred
137Cs and 90Sr distribution in the world's oceans where original data are missing.

c) will also concentrate on locations where good quality historical radionuclide data
exist - such as at stations occupied in the GEOSECS programme in the mid-1970's.

The project began in 1995 with a literature survey of world-wide marine radioactivity.
The IAEA data combined with data from other international and national surveys have been
input to the Global Marine Radioactivity Database (GLOMARD). The GLOMARD has
about 50 megabytes of data, representing over 100,000 measurements of radioactivity all over
the world. Each measurement contains:
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geographical information
oceanographic information (salinity etc)
information on the type of samples (water, biota, sediment etc.)
information on the sample treatments and analyses
results of analyses (activity concentration, error, etc.)
names of the laboratories (connected to in-house AQCS information)
etc.

A new version of the GLOMARD is under development and will be connected to the
Geographical Information System (GIS) which will allow the production of 2D and 3D
isoline maps supported by bathymetry, salinity and temperature data. This will enable the
development of a future Marine Information System (MIS) which will also incorporate data
on non-radioactive contamination of the marine environment.

The project includes organization of and participation in several sampling expeditions to
the Far Eastern Seas (1995), the Atlantic Ocean (1996), the Pacific Ocean (1997), and the
Indian Ocean (1998). New expeditions to the South Indian Ocean and the Atlantic Ocean are
in preparation. A major sampling expedition was organized by IAEA to the Pacific Ocean in
1997 in cooperation with laboratories in Germany, Japan, the Republic of Korea, India and
Sweden. About 300 samples of seawater, 200 of sediment and 50 samples of biota were
collected and are being analyzed at present by IAEA-MEL and Member States' laboratories
[1]. This was the first expedition fully organized by IAEA to the open ocean. The evaluation
of data is carried out in order to look for spatial and temporal distributions of radionuclides in
the marine environment.

The paper will focus on the first integrated data sets for the Arctic and Pacific Oceans.
The spatial and temporal distribution of radionuclides in surface water and sediment will be
compared. Radionuclide profiles in water columns and sediment cores will be used to
estimate total radionuclide inventories which will be compared with global fallout values.
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The Programme far the assessment snd control of pollution in the Mediterranean region (MED
POL Phase III)

Francesco Saverio Civill
Coordinator
MED POL Programme
UNEP Mediterranean Action Plan
Athens, Greece

Since 1975 the United Nations Environment Programme has been coordinating a regional
marine pollution programme (MED POL). The Programme has been implemented as part of
the Mediterranean Action Plan and it represents 8s environmental assessment component The
other components of the Mediterranean Action Plan are: legal (Barcelona Convention and tts
Protocols); and socio-economic. The MED POL Programme is coordinated by a small Unit
located first in Geneva and since 1982 in Athens as part of the Coordinating Unit for the
Mediterranean Action Plan managed by UNEP.
The phase I of MED POL started in 1975 and ended in 1S31. It coordinated the implementation
by over 100 Mediterranean laboratories of seven pilot projects dealing with monitoring of levels
of petroleum hydrocarbons, heavy metals and halogenatsd hydrocarbons and of the
microbiological quality of bathing waters, research on effects of pollution on species and
ecosystems and the physical cceanographic characteristics of the basin. The presentation will
briefly summarizes the main resufts and achievements of this first phase of MED POL which
lead to the formulation and the'tmplementation of its phase II, the long-term pollution monitoring
and research programme (1982-1995). ; .
The MED POL Phase II covered the design 2nd the implementation of marine pollution national
monitoring programmes which were conducted in most Mediterranean countries. A large
research programme was also earned out as support to the monitoring. During this phase,
great emphasis was given to data quality, and the intercalibration and maintenance service
programmes related to analytical techniques which had started in Phase I were greatly
expanded with the assistance of the Monaco laboratory of IAEA. The presentation will shortly
sum up the main achievements of MED POL Phase II.
In 1996, the Mediterranean Governments approved a new programme, MED POL Phase 111,
which showed a new trend towards assisting the countries in formulating and implementing
pollution reduction and control programmes and measures. In parallel to continued activities
related to the assessment of pollution levels, MED POL Phase III, approved for the period 1996-
2005, will provide the scientific basis for the implementation of the Protocols to the Barcelona
Convention, and in particular of the Protocol on pollution from land-based sources and activities
(LBS Protocol). As a result, MED POL Phase HI is divided in two main components, pollution
assessment and pollution control. As part of the assessment component, the Programme
includes monitoring of pollution trends and biological effects monitoring. Tne presentation will
describe in detail the activities related to these types of monitoring. The action related to
formulation, implementation, analysis and use of the expected results wilt also be described.
The control component includes the formulation of compliance monitoring programmes carried
out by the countries on the basis of the existing legislation. As part of this component, a
Strategic Action Programme to Address Pollution from Land-Based Activities (SAP) was
prepared and adopted by the Mediterranean Governments. The Programme reviews the main
environmental concerns of the region, describes the possible control measures and sets
deadlines for their implementation.

The presentation will describe in detail MED POL Phase III, the modalities of Implementation
of its components and the action taken so far for its launching.
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THE GLOBAL OCEAN OBSERVING SYSTEM (GOOS): NEW
DEVELOPMENTS

CP.SUMMERHAYES
Intergovernmental Oceanographic Commission (IOC), UNESCO, Paris, France

The vision guiding the development of GOOS is one of a world where the
information needed by governments, industry, science and the public to deal with
marine related issues, including the effects of the ocean on climate, is supported by a
unified global network to systematically acquire, integrate and distribute oceanic
observations, and to generate analyses, forecasts and other useful products. In
response to this vision, GOOS will provide information about the present and future
states of seas and oceans and their living resources, and on the role of the oceans in
climate change. It will include monitoring the extent to which the sea is polluted, and
applying models enabling the behaviour of polluted environments to be forecast given
a variety of forcing conditions including anthropogenic and natural changes.

A global observing system is clearly needed to monitor climate change and the
effects of pollution by excess greenhouse gases. But why have a global observing
system for coastal problems, like those caused by runoff from land? While coastal seas
and their ecosystems are not in themselves global, the achievement of a predictive
understanding of coastal ecosystems depends on the development of regional to global
networks that link observation and analysis in more effective and timely ways. GOOS
is thus promoting integration of the fragmented coastal environmental research
community and its linkage to the community at large, especially user groups like policy
makers, environmental and resource managers, NGOs, the business community, and
the public in general, to enable them to get the scientific information they need to make
informed decisions in a timely fashion. GOOS is also promoting a broad-scale view of
coastal ecosystems that takes into account the large scale forcing of the coastal system
and which leads to reliable mechanisms for predicting environmental changes and their
ecological consequences. The ultimate goal of the coastal GOOS program is to
encourage and support the development and application of now-casting, forecasting
and predictive capabilities as a means of preserving healthy coastal environments,
promoting sustainable uses of coastal resources, mitigating coastal hazards, and
ensuring safe and efficient marine operations.

In another sense, we need a global observing system, even for pollution,
because ocean processes know no national boundaries and the ubiquitous nature of
many of the problems to be solved means that it is often prudent to implement even
local and regional operational or research programmes co-operatively and in a co-
ordinated way. Such co-ordination needs to be carried out so as to achieve economy of
scale and mutual support, and to enable future global extension.

By the year 2020, probably 75% of the world's population will live within 60
km of sea coasts and estuaries. Expected absolute and relative growth in coastal
population, with the attendant pressure on natural resources, suggests that the pressure
on the coastal environment will increase in pace with demands for its (preferably
sustainable) use. Wetland and other shoreline areas are extremely important breeding
and spawning areas for many species offish and other organisms and yet, globally,
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over 50% of such areas have already undergone severe environmental degradation.
Safe and efficient management of the marine environment under such conditions
demands an increase in information about it, of the kind that, can only be provided
satisfactorily by a carefully designed monitoring system integrating various disciplines
(physics^ chemistry biology, geology) and data streams (ships, floats, buoys, aircraft,
submersibles, radars, satellited). Calculations of costs and benefits suggest that the
implementation of GOOS is Hkely to repay investment at a ratio of 10:1 or more.
Beneficiaries of GOOS products will include managers and users of coastal defences,
ports and harbours, fishing and fish fanning, shipping, offshore industry, waste
disposal and recreation, as well as Governments seeking to implement Agenda 21; the
Global Plan of Action for the Protection of the Marine Environment from Land-Based
Activities; and related instruments.

Implementation of GOOS, which is sponsored by the IOC, the WMO (World
Meteorological Organisation), UNEP (United Nations Environment Program), and
ICSU (International Council for Science) has begun, based on the integration of
previously separate existing observing systems, and the development of Pilot Projects.
The GOOS Initial Observing System includes mostly open ocean physical observations
in Support of climate studies, which also provide data about the forcing of coastal seas.
It includes some coastal elements, such as the tide gauge data from the Global Sea
Level Observing System (GLOSS), and the Global Coral Reef Monitoring Network
(GCRMN). We are now considering what chemical and biological information is
required and how to integrate it with physical data. living marine resources exist
mostly in the coastal zone, but the monitoring requirements for living resources and
coastal seas remain under development. GOOS must develop a high quality, integrated
approach to coastal monitoring and forecasting, taking into consideration the needs of
resource managers. Examples of existing observing systems currently under
consideration include the Harmful Algal Bloom (HAB) programme of the IOC, the
international Mussel Watch program; the Marine Pollution and Monitoring Program
(MARPOLMON); and the Continuous Plankton Recorder (CPR) program.

Most of the Pilot Projects developed so far are centred on the coastal seas of
Europe (EuroGOOS) and North-east Asia (NEAR-GOOS). Initially they too focus on
the physical data, not least because it happens to be most abundant. However,
chemical (nutrient) and biological (plankton) parameters also feature prominently in
the EuroGOOS programme. An initial focus on data exchange will move eventually
towards a numerical modelling and forecasting capability. Other Pilot Projects are now
being developed, and there are draft plans for pollution-related projects in east Asian
seas, the Black Sea, the Red Sea and the Arctic. This is in the context of a strategic
plan that has been drafted for pollution monitoring within GOOS.

GOOS will develop to full global scale over the next 10-15 years as new
monitoring systems arc integrated into it, including the chemical and biological ones
pertaining to the management of sustainable healthy coasts.

ForGOOS news contact the GOOS Project Office, IOC, UNESCO, 1 Rue Miollis,
75732 Paris, France (URL: http://ioc.unesco.org/GOOSweb/iocgoos.htm).
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"MUSSEL WATCH"AND CHEMICAL CONTAMINATION
OF THE COASTS BY POLYCYCLIC AROMATIC HYDROCARBONS.

JOHN W. FARRINGTON.

UK

Modern societies have deliberately and inadvertently discharged or released
chemicals of environmental concern to the coastal ocean for decades. The serious nature
of several of the ensuing problems led in the late 1960s and early 1970s to the need for an
organized and systematic approach to assessing the status and trends of contamination of
coastal and estuarine ecosystems by selected chemicals of major concern. Surveys in the
1960s and early 1970s involving sampling and analysis of various components of coastal
and estuarine ecosystems led to the conclusion that much could be learned about spatial
and temporal trends by sampling and analyzing carefully chosen populations of bivalves.
Writing in 1975, Professor Edward D. Goldberg of Scripps Institution of Oceanography,
California, USA [1] summarized progress to that date and called for a "Mussel Watch"
Program of assessment of contamination of the world's coastal oceans by using the
bivalve sentinel organism approach for monitoring of selected chemicals. Shortly
thereafter, a few national or regional programs, including the U. S. EPA "Mussel Watch"
Program, were implemented as prototype monitoring programs. Valuable, multi-year
experience was gained with this type of approach to coastal and estuarine monitoring.
Several important lessons were learned including the need for very close coupling of the
monitoring program with ongoing biogeochemical and biological/ecological effects
research [2,3].

While there has been progress for some countries in limiting or eliminating
discharges of selected chemicals of environmental concern (e.g. chlorinated pesticides,
chlorobiphenyls, lead among others), deliberate and inadvertent discharges of other
chemicals of environmental concern to coastal and estuarine areas continue as human
population increases and human habitation intensifies in the coastal zone worldwide. For
example, polycyclic aromatic hydrocarbons (PAH) continue to enter the coastal
environment as a result of the use and transport of petroleum and the burning of fossil
fuels and wood. PAH are of human health concern if elevated concentrations are
encountered in species taken in recreational, subsistence, or commercial fisheries. In
addition, elevated concentrations in the habitat can have deleterious effects on marine
organisms. The bivalve sentinel organism approach offers an important strategy for
assessments of the extent and severity of PAH contamination in coastal ecosystems;
especially for assessing the biologically available portion of PAH inputs.

An International Mussel Watch Program has been planned and the initial
phase involving Mexico, Central and South American countries and Caribbean Sea
sampling stations was implemented in the early 1990s [4,5]. Although the emphasis was
On chlorinated pesticides and chlorobiphenyls, many of the samples were also analyzed

223



for selected PAH [4,5]. Concentrations of PAH in samples from the Mexican, Central and
South American and Caribbean coast were compared with concentrations in bivalves
from the U. S. Gulf of Mexico coast. Mexico, Central and South American and Caribbean
samples contained PAH concentrations comparable to the lower end of the range of
concentrations for the U. S. Gulf Coast samples. There were higher concentrations of
PAH concentrations near urban harbor areas for both sets of data. In addition, there was
not a systematic decrease in concentrations of total PAH concentration as is the case for
total DDTs, chlordane, and total PCBs when plotting concentrations in 1986 versus 1992
for the U. S. Gulf of Mexico Coast bivalves [4].

More assessments of temporal trends are needed. However, these data, when
viewed within the context of increasing use of fossil fuels, including increased production
and transportation of petroleum and petroleum products in coastal areas of developing
countries are a cause for concern. I submit that a worldwide, systematic assessment of the
status and trends of PAH contamination of the coastal and estuarine areas of the world,
including detailed analysis of the PAH composition, should be a high priority. The
bivalve sentinel organism approach within the framework of an International "Mussel
Watch" Program offers a means of such an assessment which should be coupled with
various measures of biological effects.
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ISOTOPE STUDIES IN THE CASPIAN SEA
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The Caspian Sea is the world's largest inland water body with a surface area of 386400 km2 and a
volume of 66780 km3. It is located in a large continental depression about 28 m below sea level
and has no surface outlet. The drainage area of the Caspian Sea is approximately 3.7 million
square kilometers. The Volga, Ural and Terek rivers empty into the North Caspian, and their
combined annual flow accounts for 88% of all water entering the sea. The Sulak, Samur, Kura
rivers and a number of small rivers contribute about 7% of the flow, the remainder comes in from
the rivers of the Iranian shore [1].

The Caspian Sea is divided into three basins with approximately the same surface [2]. The North
Caspian basin has a maximum depth of 15 m, an average depth of 5 m and contains 1 % of the
total water. The bottom is formed of an unvarying rippling sedimentary plain, broken only by a
line of southern barsand shoals, some of which are the foundations of Tyuleny, Kulaly and
Zhemchuzhny islands reflecting underlying structural rises. The Central Caspian basin has a
maximum depth 800 m and contains 22% of the total water. It is an irregular depression with an
abrupt western slope and a gentler eastern gradient. The bottom of the depression is formed by a
plain that deepens to the west. The Apsheron Bank, a belt of shoals and islands rising from
submerged elevation of older rocks, marks the transition to the South Caspian Sea. The South
Caspian basin has a maximum depth 1024 m, an average depth 330 m and contains 77% of the
total water of the Caspian Sea. It is a depression covering about one-third of the Sea and is
fringed by a shelf that is narrow to the west and the south, but widens to the east. The bottom of
the depression is a flat plain, broken by a series of submerged ridges to the north.

The water level of the Caspian Sea has risen by approximately 2 m in the last 20 years. To
explore the potential of isotope techniques for studying water balance and dynamics of the
Caspian Sea and aspects related to the recent sea level rise, two research/training cruises were
carried out in September 1995 and 1996 within the framework of an IAEA Technical
Cooperation project.

The scientific program comprised the measurement of selected oceanographic parameters and the
collection of water samples for isotopic and chemical analysis. The sampling stations were
selected in order to provide representative coverage of the entire Caspian Sea. The sampling
depths were chosen according to salinity and temperature profiles. The surface water was
collected from the stern deck by immersing a pump below the sea surface. Intermediate and
bottom water was collected using 10 and 30 liter Niskin bottles.
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90Sr and mCs concentration in surface water shows variations within a factor of 2 between
stations. 90Sr levels are higher than expected from global fallout and river input of excess 90Sr
remobilised from the catchment area is probably responsible for this observation. The 137Cs
concentrations are as expected. All vertical profile stations clearly show a decrease of 90Sr and
U7Cs concentrations with depth, as expected. The Pu data were the first available for the Caspian
Sea. Surface 239-240Pu concentrations are depleted due to scavenging of global fallout Pu to deeper
water. m240Pu concentrations in bottom water are higher due to the scavenging of plutonium
through its association with sinking particles reaching a maximum at about 800 m. The
238Pu/239-240Pu ratio is about 0.04 confirming that the plutonium in the Caspian Sea is of global
origin and therefore at the sampling sites visited, there were no signs of dumping of radioactive
wastes. The radionuclide data support the idea of a fast exchange in the water column.

Correlating sea level fluctuations and fresh water inflow variations observed in previous studies,
it has been found that changes of the Caspian Sea level are caused by changes in the water
budget, mainly in the river input. The water of the Caspian Sea is enriched in oxygen-18 with
respect to the total inflow (rivers plus precipitation) by about 9 %o. The vertical distribution of
518O observed in the southern and central basin of the Caspian Sea indicates that the main water
body of the sea (between 200 and 800 meters depth) is enriched in I8O with respect to the surface
layer by approximately 0.3%o. This enrichment suggests that water at depth most probably
represents the previous low-level stand of the Caspian Sea (1950-1977) and that during the recent
sea level rise the total inflow exceeds the evaporation by about 10%.

Vertical temperature and salinity gradients observed during the 1995 and 1996 expeditions
suggest that deep water exchange in the central and southern basin of the Caspian Sea cannot be
triggered by cooling of surface water alone but also requires an increase of salinity. The presence
of bomb tritium and tritiogenic helium-3 in the deep water of the central and southern basin
points to rather intense vertical water exchange in both basins. The water ages calculated from
tritium and helium-3 increase from shallow to deep water in both basins, near the bottom a
maximum model age of some 20 to 25 years was obtained [3].
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Assessments of the condition of the marine environment are required for a
variety of purposes.. Assessments of regional marine areas are useful for summarizing
contemporary understanding and its limitations, identifying problems and providing a
basis for formulating management action. Such assessments are relatively tractable
and have been used to advantage in both developed and developing areas of the world.
Demands for global assessments are less frequent but nevertheless exist. The last
global assessment of "The State of the Marine Environment" was completed by
GESAMP1 in 1990 [1]. In the intervening period, several regional reviews have been
undertaken, including a fairly comprehensive assessment of the Arctic [2, 3], that
offer the opportunity to improve the next global assessment.

In 1996, GESAMP decided to commence planning for a new global
assessment to be completed in the year 2002. This was just after the conclusion in
November, 1995, of negotiations on an agreement on a Global Programme of Action
(GPA) for the Protection of the Marine Environment from Land-Based Activities. It
was recognized that an assessment in the context of the effects of land-based activities
on the marine environment would be needed in 1998-99 for the purposes of this
agreement. GESAMP itself had also reached the conclusion that there was a need for
interim statements regarding the condition of the oceans in the decadal periods
between major global assessments. The GESAMP sponsoring agencies therefore
decided to commission a working group and a process leading to the preparation of:

1. biennial statements on the condition of the marine environment with the first to
be issued in 1998;

2. a global assessment of the state of the marine environment from the perspective
of land-based activities for the purposes of the GPA to be completed in 1999;
and

3. a new major comprehensive assessment of the state of the marine environment
to be completed in 2002.

Most global assessments are necessarily based on the analysis of regional
assessments. In 1994, GESAMP, in recognition of the importance of increasing the
number and specificity of regional assessments, published simple guidelines for their
preparation [4]. Its motive in doing so was to encourage the preparation of new
regional assessments, to improve their comprehensiveness and to promote the
adoption of standardized contents and format. Unfortunately, either because these
guidelines are so recent or they contain some unknown flaws, they do not appear to be
being used. Most remarkable is the fact that the most recently-commissioned regional
assessments for GPA purposes are not adhering to the regional guidelines.

1 The United Nations Joint Group of Experts on the Scientific Aspects of Marine Environmental
Protection. Prior to 1993, its title was "The United Nations Joint Group of Experts on the Scientific
Aspects of Marine Pollution."
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During the period 1996-97, the UNEP Global Environment Facility (GEF)
Coordination Office based in Nairobi undertook the design of a new GEF Project
entitled "Global International Waters Assessment" (G1WA). This project has been
designed through multifaceted regional and sub-regional assessments, to identify the
nature of existing environmental damage and threats, their root causes, and priorities
for management action [5]. The assessment covers all waters defined within the GEF
International waters portfolio, namely marine waters and shared (i.e., riparian)
freshwater bodies. The primary foci of the GIWA assessment are freshwater shortage,
habitat, pollution, fisheries and global change.

Those involved in the design of the GIWA Project acknowledged that
GESAMP had already decided to undertake a new global assessment of the marine
environment and requested GESAMP's cooperation in the GIWA assessment process.
Similarly, because the Scientific Committee on Problems of the Environment
(SCOPE) of the International Council of Scientific Unions (ICSU) had, at about the
same time, proposed to undertake a forward-looking review of threats to the marine
environment and its resources, cooperation with SCOPE was also incorporated into
the GIWA Project planning process. In addition, the Intergovernmental
Oceanographic Commission and ICSU are currently collaborating on an assessment of
scientific understanding of the oceans and the suitability of science for the analysis of
options for management intervention.
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The involvement of the Radioecology Laboratory of University of
Parma in Antarctic research has started in the mid-eighties in the framework
of the Italian National Program for Antarctic Research (PNRA) -
Environmental Contamination Sector. The interest for radioecological
investigations in the Antarctic Ross Sea has been driven mainly by two basic
reasons. The particular characteristics of this polar ecosystem and secondly,
for having longly been considered as an unpolluted continent from the
radiochemical point of view.

Determinations of Cs-137, Am-241 and plutonium isotopes have been
carried out on samples of seawater, coastal and offshore surface sediments,
krill, coastal ichthyofauna and macrofauna collected during seasonal scientific
expeditions at Terra Nova Bay - Ross Sea between 1987 and 1996. Natural
radionuclides such as K-40, Pb-210 and descendants of the families Th-232
and U-238 have also been detected in sediment samples and presented
elsewhere [1,2].

In some past publications 11,2,3] special emphasis has been put on Cs-
137 data since it has been the most abundant radionuclide detected. More
recently, the radioanalyses have been extended to transuranic products and
the improvement of radiochemical separations has allowed a better detection
of plutonium and americium isotopes. These radionuclides are usually at the
limit of instrumental detection in the Antarctic marine area so their
determination has requested a major effort.

In particular a sensitive and reliable method [4] for the sequential
determination of plutonium, Sr-90 and Am-241 (besides Cs-137) has been
used for the first time in our laboratory in the framework of a two year-
collaboration period with Prof. G. Jia from the China Institute of Nuclear
Energy. In the technique, plutonium isotopes were separated by a
Microthene-TNOA column. Then Y-90 (for Sr-90 determination) was
separated from americium by a KL-HDEHP column after elimination of a
large amount of interfering stable or radioactive nuclides. Finally americium
was purified by another KL-HDEHP column and a PMBP-TOPO extraction.

Results of Sr-90, Cs-137, Pu-238, Pu-239+240 and Am-241 are
therefore presented in this work.

In spite of the low contamination levels detected, some interesting
results especially in relation to particular ecological processes and
biogeochemical cycles, are presented. Concentrations were generally higher
in the coastal area where terrigenous transport and water run off from ice
melting influences the activity levels especially in sediment samples.
Increasing concentrations of Cs-137 were detected in AJamussium culbecki
(antarctic scallop) during summer months as a result of major trophic activity.
The transfer path from this bivalve to the benthic fish Pagothenia bernacchii
has also been followed. A seasonality in the organisms accumulation patterns
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has been demonstrated. Cs-137 Concentration Factors have been calculated
for each single species.

Americium and plutonium isotopes were detectable in nearly all
samples. The activity levels of Pu-239+240, Am-241 and Cs-137 in Antarctic
sediments were about 5-10 times lower than in Northern Adriatic Sea in the
period 1992-94 [5]. However the Pu-238 concentrations were relatively high
in the Antarctic. Consequently the Pu-238/Pu-239 ratio was about 8 times
higher than in the northern hemisphere and it could be inferred that the major
part of Pu-238 was originated from the SNAP-9A satellite accident.

The radionuclide ratios have demonstrated that americium, cesium and
plutonium reached the Antarctic continent as a result of nuclear weapons
tests.

It is also interesting to observe that Sr-90 concentrations in both
Antarctic and Adriatic sediments tended to be low and the fact could be due to
the easier exchangeable behaviour of this radionuclide in water.

A new device for sampling large volumes (3000 liters) of seawater has
been tested at Terra Nova Bay during the 1995-96 campaign by our
researcher Dr. D. Capra. Such instrument completely built up at C1SE
(Milan) simultaneously collected surface seawater and passed it through
NCFC and MnCb beds. The resin beds have been sent to Italy and processed
in our laboratories for determinations of Cs-137 from NCFC by means of
direct gamma spectrometry and plutonium and americium from MnCh
through the above reported radiochemical separation.
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Naturally occurring particle-reactive isotopes of the uranium and thorium decay
series are useful tracers of scavenging processes and the fate of reactive contaminants in
the marine environment. The first measurements of long-lived protactinium and thorium
isotopes in the Canada Basin of the Arctic Ocean, at the CESAR Ice Station on the
Alpha Ridge, revealed higher concentrations of 230Th and 231Pa than previously
observed in other ocean basins (Bacon et al., 1989). These observations were
consistent with prevailing hypotheses about scavenging in the Arctic, specifically that
scavenging was very slow in areas of permanent ice cover, and thus particle-reactive
species, both natural and anthropogenic, would build up to high concentrations. Arctic
deep waters might then constitute a source of contaminants to the Nordic Seas and
North Atlantic Ocean via the Fram Strait.

A more recent study in the Eurasian Basins of the Arctic by Scholten et al. (1995)
showed lower concentrations of both 23OTh and 231Pa than at the Alpha Ridge,
indicating the spatial heterogeneity of productivity and particle flux in the Arctic. One
station in the Makarov Basin exhibited high concentrations, however, and the picture of
slow scavenging in the western Arctic remained. Recent developments in the use of
thermal ionization mass spectrometry (TIMS) to measure low abundance, long-lived
uranium series nuclides (e.g., Moran et al., 1995, 1997; Edmonds et al., 1998),
combined with icebreaker expeditions to the western Arctic, now allow for a
tremendous expansion of the data set for this region, and a more extensive testing of
these hypotheses.

Edmonds et al. (1998) reported TIMS measurements of 230Th, 232Th, and 231Pa in
one-liter seawater samples from two stations in the Beaufort Sea, one on the slope and
one in the permanently ice-covered deep basin. These authors found (Figure 1) lower
concentrations of 230Th and 231Pa in the Beaufort Sea than at comparable depths at the
CESAR Station, and average 230Th and 231Pa residence times for the deep waters
(>900 m) of 17 and 110 years, respectively, similar to other ocean basins. Model
results were consistent with typical suspended particulate matter concentrations and
particle settling rates. 232Th concentrations, which are used as indicators of detrital
material, suggested that offshore advection of particulate material from the shelves may
contribute to scavenging hundreds of kilometers from the ice edge.

Samples were also collected for TIMS thorium and protactinium measurements at
three additional stations — one in the Canada Basin, one in the Makarov Basin, and
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one at the North Pole — on the Arctic Ocean Section (AOS) cruise in 1994. TIMS
analyses were carried out in March and April, 1998. Preliminary results are consistent
with those from the Beaufort Sea, suggesting that the Alpha Ridge is anomalous in its
low scavenging rates, and that the potential for export of particle-reactive contaminants
from the Arctic to the North Atlantic is less than previously hypothesised.
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Figure 1. Vertical profiles of total (dissolved plus paniculate) 230Th and 2 3 1Pa,
measured by TIMS at Stations AO1 (• : 72°32.5'N, 143°49.8'W, 3500 m) and AM10
(o: 70°28.7'N, 136°55.8'W, 770 m) in the Beaufort Sea (Edmonds et al., 1998),
shown with total 230Th and dissolved 231Pa data from the CESAR Station (A: 85°50'N,
108°50'W, <2000 m) determined by alpha counting (Bacon et al., 1989). Error bars
are2o.
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Since the B-52 accident, January 21, 1968, at Thule, Greenland several
expeditions have been carried out for the investigation of plutonium in the
marine environment. Following the accident increased levels of plutonium
were found at certain locations on land(l). This was probably caused by
aerosols at the accident and aeolean redistribution of activity in connection
with the very heavy weather conditions the first two weeks after the accident
(2) (Fig. 1).

In the vicinty of the Thule base area there are several lakes. These
lakes have received plutonium and radiocaesium from nuclear test fallout and
eventually also plutonium from the accident. This contamination would today
be found in the sediment horizons corresponding to 1958-59 and 1962-63
from nuclear test fallout and corresponding to 1968 from the Thule accident.
These events also make it possible to determine sedimentation rates and
correlate data with the 210Pb method.

Four lakes were selected from which water, sediment and suspended
matter were collected. Sediments cores were sliced in 10 mm sections. It was
shown that the sedimentation rate is low, about 0.4 mm/year, and it was
impossible to resolve events in 1968 from the nuclear test fallout in 1963. If
there is any impact in the lakes from the accident the 239+240Pu/137Cs should be
higher and ^Pu/ 2 3 9 * 2 4 ^ should be lower than from nuclear test fallout. The
239+24opu/i37Cs a c t i v i t y r a t i o s w e r e a b o u t 0 0 2 a n d t h e

 23*pu/239+240pu activity

ratios about 0.04. The first ratio is in close agreement with what is expected
from nuclear test fallout while the second one might be slightly lower than
expected. This .ratio is however globally also influenced by the re-entry of the
satellite, SNAP-9A, in 1964 and the impact at these latitudes is not well
known. Further studies on plutonium isotopic ratios are in progess for the
identification of source terms.
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Fig. lb Plutonium contamination levels on the ice following the crash.
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Since 1992 the Institute for Fisheries Ecology studies radionuclides in fillets (pool samples of
about 8 kg) of fishes from western parts of Barents Sea, mostly taken as random samples from
hauls on board of commercial trawlers. Soon after the first investigations cod was selected as
reference fish because of its widespread existence and because of its always slightly elevated
concentrations of 137Cs. Further studies were performed in 1994 and 1997 with the fishery
research vessel/Walther Herwig El' in the central Barents Sea, including selected working
areas such as Bear Island, North Cap Bank, Central Bank, Hope Island and west of
Spitzbergen.

Already in 1992 relative small l37Cs concentrations (< 1 Bq/kg ww) for the yearly collected
cod samples from Bear Island have been shown. They have been slowly decreasing since then.
The values were roughly half as high as those for comparable North Sea cod. The results from
unselected fish taken by commercial trawlers revealed a broad variation. To study distinct
influences on concentrations it was decided not to pool samples from different hauls during the
research cruise in 1994. Due to small catches there was not enough fish to separate into
distinct length classes resulting in overlapping offish lengths in the samples. Significant
regional influence on n7Cs concentrations in cod fillet could not be shown, neither within
particular areas nor between distinct areas. Only the fish length was important. As a
consequence, sampling strategy was changed in 1997. Samples were pooled by fish length with
a classwidth of exact 10 cm. With these values data sets are now available to test models
describing the length related concentrations of 137Cs in cod fillet.

Results of the 1994 and 1997 cruises indicated that fish length was an important biological
parameter. With increasing fish length concentrations in fillets are increasing too. This
relationship explains most of the variability of concentration values observed. For example,
comparing Bear Island samples from 1994 and 1997 the small change of the median can be a
random effect. A decrease becomes significant only if the fish length is included in the analysis.
The decrease of m Cs in fillet is paralleled by the mean water concentration with 2.7 mBq/1
nowadays. This is only about 10% above the global background level so that no more
considerable decrease in fish is expected in the near future.

For modelling it is sufficient to relate only on the biological term weight because the
parameters length, weight and age arc described by functions. Following this an 'one
compartment model' with the following prerequisits was developed:

Master control is done by fish weight depending on age/length.
Uptake of the radionudide happens only with food. The relative feeding rate decreases
with age.
Elimination rate is dependent on concentration in fish. It proceeds through a fictive
opening (gills), whose area is related to weight. The elimination constant itself
decreases with increasing age.

Using biologically relevant parameters this model describes the concentrations almost in the
whole length range, except for the extreme lengths, probably caused by the functional relations
between weight, length and age built into the modeL
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When applicating this model to our 1997 data (Bear Island, Central Bank and west of
Spitzbergen) reasonable fits for different areas are found when changing only concentration in
food. For Bear Island a food value of 0.3 Bq/kg fits the data whereas a 15% lower and a 15%
higher value is needed for Spitzbergen and for Central Bank, respectively. Taken cod of 60-70
cm in length with a mean concentration in fillet of 0,3 Bq/kg ww a carry over factor of about
one is calculated. The concentration factor from water to cod fillet becomes nearly 100 I/kg
which corresponds with the reference value for North Sea cod. In 1994 a factor twice as high
had been calculated.

Between 1994 and 1997 concentrations in cod fillet from Barents Sea decreased more then
those in water. This may be due to annual differences in the seasonal wandering polar front.
For example in July 1997 water above ground in 200 m depth was colder than in August 1994.
That may have caused cod disappear from the area near Hope Island in 1997. It seems to be
more probable that the small differences between 137Cs concentrations in cod fillet from
different catching areas detected in 1997 find an explanation in local differences in food web
than that they hint at further sources of radioactivity.

This work was partly funded by the German Federal Minister of Environment, Nature
Conservation and Nuclear Safety.
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RADIOLOGICAL ASSESSMENT OF THE IMPACT OF NUCLEAR FACILITIES ON THE
MARINE ENVIRONMENT IN RUSSIA

I.I.Kryshev, T.G.Sazykina
Scientific Production Association "Typhoon"
82 Lenin Avenue, Obninsk, Kaluga Region, 249020 Russia

The data of marine radioecological investigations are
considered in the areas of impact of nuclear facilities in Russia.
Standard methods were applied for sample collection and analysis in
investigations of the marine contamination. The activity of 137Cs
and other gamma-emitting nuclides was determined by gamma
spectrometric methods using highly sensitive semiconductor
detectors and multichannel pulse analyzers. The activity of 90Sr
was determined by radiochemical methods from the daughter nuclide
90Y using a low-background beta radiometer. The radiological
assessment procedure included analyses of the sources of
radioactive releases, the concentration of radionuclides in the
marine environment, and dose calculations for human population in
accordance with the recomendations IAEA and ICRP. Doses to marine
biota were estimated from the observed data on the content of
radionuclides in the environmental components, with consideration
for geometric characteristics of the organisms and the exposure
sources, using the methods described in IAEA publications.

According to the data of the observations, the impact of
Leningrad NPP on the radioactivity of the marine components in the
Kopor Bay of the Galf of Finland is very low, compared to the
natural radioactivity [1|2]. Trace amounts of man-made
radionuclides (51Cr, 5*Mn, 58Co, 60Co, 65Zn, 95Zr, 95Nb, 134Cs and
others) are detected at a distance of about 3-10 km from the NPP in
water, bottom sediments, and aquatic plants. The activity of 90Sr
and l37Cs in fish was 1-3 Bq kg"1 w.w. (before Chernobyl accident) .
The Chernobyl accident had a pronounced effect on the contamination
of Baltic Sea. In 1986, in the Kopora bay of the Gulf of Finland
the content of 137Cs in water increased by a factor of 130, in
bottom sediments by a factor of 50 and in fish by a factor of 10.
In normal operation, additional doses to the population and marine
biota in the area around NPP is lower than the natural exposure
level by a factor of 102-103.

The observed data suggest that non-radiation factors (such as
thermal release and chemical contamination) lead to serious
disturbances of ecological equilibrium in marine ecosystem: changes
in the species diversity, disruptions of the species succession,
and mass development of blue-green algae. It is these non-radiation
factors that are the main source of ecological risk in the area
around NPP [3].

The bulk of radionuclides enters with liquid discharges from
the nuclear facilities into the rivers of the Kara Sea basin (the
Yenisei, Tom' and Techa rivers). Krasnoyarsk complex contaminates
the Yenisei River all the way from the city of Krasnoyarsk to its
estuary and Kara Sea at a distance of about 2000 km [4]. On the
whole, the collective dose from radioactive discharges of the
Krasnoyarsk Complex during the period 1958-1991 is about 1,200
man-Sv. A major contribution to this dose is due to fish
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consumption (70 %) . Individual doses to the population varied over
a range from 0.05 to 2.3 mSv year"1. In 1992, two out of three
reactors of the Krasnoyarsk Complex were shut down. This reduced
considerably the amount of radioactive discharges to the Yenisei
River and the annual collective dose to the population (by over 4
times).

The collective dose from radioactive discharges of the
Siberian Complex during the period 1958-1992 is about 200 man-Sv.
In 1990-1992, three out of five reactors of the Siberian Complex
were shut down. This reduced considerably the amount of radioactive
discharges to the Tom River and the annual collective dose to the
population (2 man-Sv year"1) .

The main water releases of radionuclides from the Mayak
complex were associated with operation of the radiochemical plant
where uranium irradiation and plutonium separation were performed.
In the period 1949-1956, discharges of liquid wastes from this
plant into the Techa River resulted in an input of about 1017 Bq of
radioactive substances. The collective dose as a result of the
Techa River contamination is about 6,200 man-Sv [5].

At present, the levels of radiation risk from marine
contamination for human population are fairly low (1O"7-1O~6) . The
analysis of doses to humans and other organisms shows that in all
cases the doses to the natural biota are considerably higher than
those to humans (by a factor 10-102) . This difference is most
pronounced in the periods of significant radioactive releases.
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op u i37Cs AND 90^ J N B O T T O M SEDIMENTS OF THE KARA SEA
THE ATTEMPT TO RECONSTRUCT RATE OF THE RADIONUCLIDES

SUPPLY TO BOTTOM SEDIMENT IN THE PAST

Yu.V.Kuznetsov*,V.K.Legin*

* V.G.Khlopin Radium Institute, St.Petersburg, Russia.

The samples of bottom sediments investigated in this work were taken in various
regions of the Kara Sea, estuaries of the Yenisei and Ob' rivers during cruises of
research vessels "Ac. M.Keldysh", "D.Mendeleev" and hydrographyc vessel
"D.Ovzyn" in 1993-1994.

In the report data on distribution of 239>240Pu, 137Cs and 90Sr (further these
radionuclides are named as Pu, Cs and Sr, respectively) in surface layers of bottom
sediments and their vertical sections are presented. The determination of absolute
age and sedimentation rate of bottom sediments was performed based on the
vertical distribution of 210Po (which is in radioactive equilibrium with 2l0Pb) in the
same sediments.

It has been shown that spatial distribution of Pu and Cs in investigated surface
layers of bottom sediments is non-uniform and varies in wide limits. So, content of
Pu varies from 0.4 till 4.8 Bq/kg, Cs - from 3.0 till 63.0 Bq/kg of bottom sediment.
As a rule, increasing of Pu content is accompanied by increasing of Cs content in
the same bottom sediments. At the same time spatial distribution of Sr is more
uniform: its content varies in narrow limits: from 1.3 till 3.5 Bq/kg of bottom
sediment. Similarity in behaviour of Pu and Cs is observed also in vertical
distribution of these radionuclides in a number of investigated bottom sediments.

Using data on Pu and Cs content in bottom sediments and sea waters, we calculated
distribution coefficients (Kd) for Pu and Cs in investigated regions of the Kara
Sea:these Kd are equal 104 -105 and 103 - 104 for Pu and Cs, respectively.

Similarity in behaviour of Pu and Cs is confirmed also by model experiments
which were performed with the use of water and bottom sediments. In these
experiments we studied sorption behaviour of Pu and Cs under various ratios of
liquid and solid phases,various contact time between them, using the technique
described in [1]. It has been shown,that effectiveness of removal of Pu and Cs from
water to bottom sediments is rather high for both radionuclides (IQ for Pu and Cs
are equal 104 and 103, respectively).
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For study of mobility of Pu and Cs in bottom sediments selective leaching of these
radionuclides from bottom sediments was performed. It was found that Pu and Cs
are strongly fixed in structure of bottom sediments and do not tend essentially to
the back transfer in the sea water. It has been proposed that similarity observed in
behaviour of Pu and Cs in the investigated regions of the Kara Sea can be explained
in the following manner:

1. Pu as an element is subject to hydrolysis, is effectively accumulated by fine-
dispersed suspended matter and is deposited on bottom with the
sedimentation rate of this material.

2. Cs does not subject to hydrolysis but enters into cristalline lattice of clay
minerals of suspensions and bottom sediments, substituting for poitassium. It
is likely that the distribution of Cs on bottom of the Kara Sea and its
estuaries is controlled by dispersion and distribution of clay minerals in these
regions.

The mentioned above explains visible similarity in behaviour of Pu and Cs in
investigated regions of the Kara Sea. A correlation of vertical distribution of Pu and
Cs in bottom sediments with time scale, which was determined for these sediments
by means of 210Pb method makes possible to assess rate of supply of Pu and Cs in
bottom sediments during last 20-30 years. So, it has been shown that supply of Pu
and Cs in bottom sediments in the past was not more than at present.
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REAL AND ALLEGED HAZARD
OF RADIOACTIVE CONTAMINATION OF SEAS

CAUSED BY ACTIVITIES OF RUSSIAN NUCLEAR FLEETS

(Based on the research results of Project 101,
International Science and Technology Center)

The current paper addresses the assessment results of the degree of danger caused by
radioactive contamination of seas by wastes from the activities of nuclear fleets compared
to the results obtained in other works, specifically, in the IASAP program.
The leading institution in Project 101, ISTC is the Lazurit Central Design Bureau Open
Joint-Stock Co. (Nizhny Novgorod) . The co-executors are RRC Kurchatov Institute,
OKBM, NJXIET , OKB Hydropress , SPA Typhoon. Besides that experts from the Naval
institutions , State Research Center Krylov Shipbuilding Research Institute , Prometei
Research Institute , Central Design Bureau Iceberg and others were involved into the
work.
Project 10 IB, while covering only the marine part of the problem associated with the
activities of the Navy and Civil Fleet, was co-ordinated with Project 245 in part of
forming the databases as the scope of activities of the latter project included global
aspects of radiation legacy of the former USSR.

Data Bases
Computer databank regarding the sources of actual and potential radiation contamination
of seas was established in the course of the Project execution.
Information about 200 objects was included into the databank. It covered:
-17 nuclear reactors with spent nuclear fuel and without spent nuclear fuel dumped at
sea;
-155 decommissioned nuclear submarines;
-2 decommissioned ice-breakers;
-15 floating technical bases to support nuclear submarines and ice-breakers;
-28 tankers for liquid radioactive wastes, floating cells, controlling dosimetric vessels etc.
The database on the environment includes information about the radioactive contamination
of dumping sites (based on the monitoring data) as well as information of the
oceanographic nature and the biocenosis in the dumping site areas as well as of the
global nature in the conditions of open sea along the routes of the forecast migration of
radionuclides in case of their release from sources.

Assessment of Potential Danger from Solid Radioactive Wastes Dumped at Sea
Analysis of structural peculiarities of objects with non-offloaded nuclear fuel dumped at
the sea bottom as well as measures of their conservation adopted in the 1960-s
before dumping while using the reactor cavity filling with furfurol and cementing of
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reactor spaces enables to draw the unambiguous conclusion about the principal
impossibility of salvo releases of radionuclides into the environment which might have
caused deterioration of its radioecologic situation.
Risk assessment for the population of the Nenets National District caused by dumping of
reactors in the Kara Sea was performed within the Project.
The executed assessment enables to claim that sources of radioactive wastes dumped in
the Kara Sea do not and will not represent a radioecologic danger for the population and
nature of the Nenets National District within 1,000 years to come and the maximum
annual doses of 0.2..0.3 nSv per annum reached by Year 3000 will make 0.03..0.04% of
the currently formed levels of contamination on the territory of the Nenets National
District which is considerably lower than the standards established by the Norms of
Radiation Safety -96.

Assessment of Danger Caused by Decommissioned Objects Kept Afloat
The analysis of the after-effects of accidents during storage of nuclear submarines with
offloaded cores enables to make a conclusion about their extremely inconsiderable impact
on the environment which , as in the previous case with the objects dumped at the sea
bottom ,also enables to consider this danger an alleged one.
The danger caused by floating technical bases containing such radioactive material as
spent nuclear fuel is quite evident. Taking into account the fact that a floating technical
base can contain up to three cores simultaneously , the total activity of spent nuclear fuel
stored at the floating technical base will be about 36 10 15 Bq. Taking into account the
fact that contrary to the nuclear submarines , a number of shielding barriers preventing
propagation of radionuclides from the spent nuclear fuel is absent on the floating
technical base in case of their dumping ( there is no pressure hull of the reactor
compartment , no reactor hull) as well as the availability of conditions for enhanced
corrosion of the spent heat-emitting assembly casings (damp air and temperature elevation
caused by the deterioration of heat-takeoff in case of "dry" storage) compared to their
storage in the reactor in the primary circuit water without contact with air , release of
radionuclides from the floating technical bases in case of their dumping will be
considerably higher than during dumping of the nuclear submarine.

Conclusions and Recommendations
1. Taking into account the convservation measures adopted before dumping of reactor
compartments and nuclear submarines with emergency reactor cores , no salvo releases
of radionuclides into the environment can be expected , operations for their recovery and
re-dumping are not justified from ecological, technical or economic points of view.
2. Nuclear submarines with offloaded cores do not represent a real danger and can be
recommended for storage during 50-70 years in the slightly submerged state before the
follow-on disposal (scrapping).
3. Floating technical bases with spent nuclear fuel represent the maximum real danger. The
first -priority task is to offload spent nuclear fuel into the shore storages.
4. The computer dababases on sources of radionuclide contamination and the environment
developed within project 101, ISTC, can be submitted to the experts at their inquiry via
Internet.
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PHYSICO-CHEMICAL SPECIATION OF PLUTONIUM IN ARCTIC SHELF WATERS AT
THULE, NW GREENLAND
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Department of Experimental Physics, University College Dublin, Ireland
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Data on the physico-chemical speciation of plutonium in Arctic shelf waters, gathered in the
course of a collaborative research expedition to NW Greenland in August 1997, are presented in
this paper. Specifically, we report the results of analyses carried out in the marine zone close to the
Thule air base, where a US B-52 bomber carrying four plutonium-bearing weapons crashed on the
ice in 1968, and also at Upernavik, a location remote from the accident zone (Fig. 1).

Surface and sub-surface sea water samples (100-200 litres) were collected from aboard the
F.S. Adolf Jensen and immediately filtered through 0.45 pm membrane filters. In addition to
quantifying the proportion of plutonium associated with the suspended particulate phase, the
oxidation state distribution of plutonium in the dissolved phase was determined using a technique
based on the sequential co-precipitation of reduced plutonium species with small amounts of ferric
hydroxide [1, 2].

Briefly, two isotopic tracers in different oxidation states, Pu(IV) and Pu(VI), were added
to each sample, which was then made 0.3M in HC1. A small amount of Fe3+ (0.1 mg I"1) was added
and subsequently precipitated in hydroxide form following neutralisation with ammonia. By using
such a small amount of iron, only reduced (III, IV) plutonium species were co-precipitated, leaving
oxidised (V.VI) species in solution. The ferric hydroxide precipitate was collected by filtration and
retained for the analysis of the reduced fraction. Following reacidification of the sample and a
further addition of Fe3+ , reduction of the oxidised species of plutonium was accomplished by the
addition of appropriate reducing agents prior to precipitation.

76.9
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FIG. 1. Locations at which Pu chemical speciation analyses were carried out (Thule'97 expedition)
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Plutonium was recovered from both fractions (precipitates) separately using routine radio-
chemical separation techniques based on selective sorption on ion-exchange resins, followed by
electrodeposition onto stainless-steel discs. The concentration of 239>240Pu in each fraction was
determined by high-resolution alpha-spectrometry. Tracer cross-over was monitored carefully
throughout and was found to be < 10% in almost all cases. The resulting data are summarised in
Table 1.

TABLE 1. Oxidation state distribution of 239240Pu in sea water sampled off the
NW coast of Greenland (August 1997). Uncertainties are given to ±1CT

Location

Thule:

Stn Ny-4 (76°18'N, 70°13lW)

Stn V (76°32'N, 69°18'W)

Stn20(76°31'N, 69°17'W)

Upernavik: (72°49'N, 56°12'W)

Depth
(m)

280

2

100

177

2

2

% 2 3 » ' M O PII (V,VD
in filtrate

70 ± 8

72 ± 5
72 ± 3
62 ± 5

77 ± 6

68 ± 9

239l240Pu (Total)

(mBq m'3)

13.0 ± 0.9

7.0 ± 0.3

11.9 ±0 .7

17.7 ± 0.8

10.4 ± 0.6

7.3 ± 0.4

The data show that the bulk of the plutonium in the dissolved phase at all four stations is in an
oxidised form, highlighting the well-oxygenated character of these cold shelf waters. Further, there
appears to be no difference between the oxidation state distribution at stations close to the Thule
accident site and that at a reference station remote from this site (i.e., Upernavik). The same
observation applies to top and bottom waters at Thule. Overall, 70 ± 5% (n = 6) of the 239-240Pu was
found to be in an oxidised, Pu(V,VI), form. This percentage is similar to that observed in surface
waters in the western Mediterranean [3], though somewhat lower than equivalent data for the open
waters of the Irish Sea [3,4]. Measurement of the 238Pu/239>240Pu ratio in the water column
(dissolved phase) at Thule yielded a mean value of 0.053 ± 0.023 (n=8) which, being similar to the
global fallout ratio at these latitudes of about 0.04, suggests that there is virtually no weapons-grade
plutonium in the Thule water column at the present time, in contrast to the seabed sediments.
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Between 1965 and 1981, five objects - six naval reactor pressure vessels (RPVs) from four former Soviet Union submarines and a
special container from the icebreaker Lenin, each of which contained damaged spent nuclear fuel (SNF) - were dumped in a variety
of containments, using a number of sealing methods, at four sites in the Kara Sea. All objects were dumped at sites that varied in
depth from 12 to 300 m.

This paper examines the use of the long-lived radionuclides 59Ni, "Tc, and 236U encased within these objects to monitor the breakdown
of the containments due to corrosion. Included are discussions of the radionuclide inventory and their release rate model, the
estimated radionuclide mass in a typical seawater sample, and the potential for radionuclide measurement via Accelerator Mass
Spectrometry (AMS).

In the Spring of 1993, Russia released a summary of the former Soviet Union liquid and solid radioactive waste disposal operations,
Facts and Problems Related to Radioactive Waste Disposal in Seas Adjacent to the Territory of the Russian Federation (Office of
the President of the Russian Federation 1993). The White Book, as this report was later called, revealed, in part, that five objects -
six naval RPVs from four former Soviet Union submarines and a special container from the icebreaker Lenin, each of which contained
damaged SNF - were dumped at four sites in the Kara Sea, an arm of the Arctic Ocean located east of Novaya Zemlya. Table 1
presents a summary of pertinent disposal information for the objects containing SNF dumped in the Kara Sea.

The International Atomic Energy Agency (IAEA), as part of their responsibilities to the London Convention of 1972, initiated the
International Arctic Seas Assessment Project (IASAP) (Sjoeblom and Linsley 1993) to study the possible health and environmental
effects from disposal of these objects. One outcome of the IASAP was ah estimation of the radionuclide inventory and their release
rates from these objects. A follow-on concern is the ability to detect the radionuclides released into the water column. The focus of
the work reported here is the feasibility of using the long-lived radionuclides 59Ni, "Tc, and 236U encased within these objects to
monitor the breakdown of the containments due to corrosion.

The inventories used in the calculations of the annual mass release of 59Ni and "Tc are those reported by the IASAP Source Term
Working Group (IAEA 1977). Inventories used in the calculations of the annual mass release of 236U are from State Institute of
Applied Ecology (SIAE), Moscow (Rubtsov and Ruzhansky 1995). When inventories of 236U computed either by the IASAP Source
Term Working Group or with burnup history from their work were compared to those prepared by the SIAE, the SIAE predictions
were found, in general, to result in lower 236U mass inventories. Thus, to assure a conservative estimation of the annual mass release
of 236U, the SIAE inventories were used.

Work performed under the auspices of the U.S. Department of Energy by the Lawrence Livermore National Laboratory under
Contract W-7405-Eng-48.

245



References

Facts and Problems Related to Radioactive Waste Disposal in Seas Adjacent to the Territory of the Russian Federation, Office of
the President of the Russian Federation, Moscow, Russia (1993), pp. 20-41.

International Atomic Energy Agency, Predicted Radionuclide Release from Marine Reactors Dumped in the Kara Sea: Report of
the Source Term Working Group of the International Arctic Seas Assessment Project (IASAP), IAEA, TECDOC-938, Vienna, Austria
(1997).

Rubtsov, P. and Ruzhansky, P., Radiation Characteristic Estimation of Irradiated Nuclear Fuel in Reactors of Nuclear Submarine
and Icebreaker Lenin Dumped near Novaya Zemlya Archipelago, State Institute for Applied Ecology, Ministry of Environmental
Protection and Natural Resources of the Russian Federation, Moscow, Russia (1995), pp. 32-54.

Browne, E. and Firestone, R. B., Table of Radioactive Isotopes, Edited by V. S. Shirley, New York: John Wiley and Sons (1986),
pp. 59-1, 99-4, and 236-1.

International Atomic Energy Agency, An Oceanographic Model for the Dispersion of Wastes Disposed of in the Deep Sea, IAEA,
TECDOC-263, Vienna, Austria (1986).

Fifield, et al. Nucl. Inst. and Meth. B123 (1997): 400.

Fifield, et al. Nucl. Inst. and Meth. B 117 (1996): 295.

246



IAEA-SM-354/10P XA9951257

FIELD INVESTIGATIONS OF RADIOACTIVE CONTAMINATION OF SEA WATER,
WHICH ACCOMPANIED THE DUMPING OF LOW-LEVEL LIQUID RADIOACTIVE
WASTES IN SOME REGIONS OF THE BARENTS SEA (1984-1990)
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Investigations of the impact of the dumping of low-level liquid radioactive wastes (LRW)
from nuclear facilities of the civil fleet and navy of the USSR in specially selected regions of the
Barents and Far Eastern seas [1,2] have been carried out by SPA "Typhoon" of Roshydromet
since 1970s. Until 1984 these investigations were carried out by surveying the regions of
dumping occasionally from research ships. Since these surveys were not referred in time to the
instants of LRW dumping, the water contamination levels registered in the regions of dumping
were caused either by a global source or (for the Barents Sea) by a combined effect of industrial
radioactive wastes entered from the Western countries and a global source.

To assess correctly the effect of LRW dumping on radioactive contamination of sea water,
SPA "Typhoon" carried out field investigations of the evolution of the radiation situation in
the regions of dumping in the Barents Sea immediately at the time of LRW dumping:
• In 1984, when LRW from nuclear ice-breakers of the Murmansk Shipping Company were

dumped.
• In 1987 and 1990, when LRW from nuclear facilities of the Northern Fleet of the USSR

were dumped.
Investigations of radioactive contamination of sea water included the following:

• Determination of the radionuclide composition and activity of individual radionuclides in
LRW to be dumped in the sea.

• Background survey of radioactive contamination of water in the region under study before
LRW dumping.

• Determination of the levels of radioactive contamination of water in the process of LRW
dumping and after LRW dumping (up to five days).
To determine the radionuclide composition and activity of radionuclides, samples of LRW

were taken from different tanks with the process water of special tankers. Table 1 presents
examples of the composition of gamma-emitters and their volumetric activity in tanks of
special tankers.

Table 1. Examples of the composition of gamma-emitters and their volumetric activity (Ci/L)
in tanks of special tankers.
Tank | B7Cs l34Cs 154Eu | IS2Eu 60Co S4Mn 144Ce 58Co

I. Special tanker "Serebryanka" , LRW from nuclear ice-breakers of the Murmansk Shipping
Company, dumped in the autumn of 1984.

Ksl
M>2

4.1xlO5

l . l x lO 5
2.1x105

5.0x10-6
lxlO-5

3.5x10-6
2xl0-6

^ l . lx lO- 6
2.2x106

5xlO-7
7xl07

4.5xl0-7
2xlO5

-
-
-

2. Special tanker THT-29, LRW from nuclear facilities of the Northern Fleet, dumped in the
summer of 1990.

M>6
7.6x10-6

1.6x105
lxlO6

2xl0-6
-
-

-
-

1.6xlO-«
2.2xlO8

1.2xlO-8

2.3x10-9
-
-

1.6x10-8

1.5x10-"

At all stages of the survey of radioactive contamination of water we used the method of
surface water sampling, while the ship was moving, simultaneously with concentrating of a
radioactive contaminant. In the process of LRW dumping, water samples were taken, while
intersecting the radioactive trace during LRW dumping from each tank of special tankers
(because of the difference in the activity, radionuclide composition and relation between
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suspended matter and solution). Table 2 presents generalized data on the content of individual
radionuclides in the surface sea water at different stages of the survey.

Table 2. The content of individual radionuclides in the surface sea water before and after LRW
dumping, Bq/m3.

90Sr JSampling time* 137Cs 134Cs 154Eu l52Eu 60Co 144Ce
1. Dumping of LRW from nuclear ice-breakers in the autumn of 1984. Dumping region N° 1

Suspended matter
Before
dumping***
0.5 - 3 hours**

4 - 5 days***

<0.06

1.3
0.05-0.13

<0.06

0.3
0.02

-

7.6
0.3-0.5

-

3.2
0.1

0.4
0.03-0.04

-

7.0
0.2-0.3

-

-
-

Dissolved part
Before
dumping***
0.5-3 hours**
4 - 5 days***

3-5

10-110
5-17

0.07

12-50
0.1-0.3

-

-
-

-

-
-

-

-
-

-

-
-

5-6

9-23
4-11

2. Dumping of LRW from nuclear facilities of the Northern Fleet in the summer of 1990.
Dumping region N°5 [1].

Suspended matter
Before
dumping***
0.5 hours**
5 days***

0.6-0.7

<l-2.6
<0.2-0.4

<0.2

<1
<0.2

-

-
-

-

-
-

-
-

-

-
-

-

-
-

Dissolved part
Before

dumping***
0.5 hours**
5 days***

14-17

30-130
8-12

<0.6-0.9

<2.5-ll
O.4-0.7

-

-
-

-

-
-

-

-
-

-

-
-

-

-
-

Note:
* - the sampling time is indicated with respect to the instant of dumping;
** - while intersecting the radioactive trace;
*** - throughout the region of dumping.

The results of these investigations show that increased (by as much as one order of
magnitude) concentrations of radionuclides in the surface water, as compared to the
background concentrations, were observed only in the first few hours after LRW dumping.
Five days later, no radionuclides entering into the composition of LRW from nuclear facilities
of the Northern Fleet were detected in the region of dumping. Some of the radionuclides
entering into the composition of LRW from nuclear ice-breakers were detected in suspended
matter in the region of dumping even five days later, but at very low concentrations
constituting no radioecological hazard.
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THE IAEA INVENTORY DATABASES RELATED TO RADIOACTIVE MATERIAL
ENTERING THE MARINE ENVIRONMENT
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The International Atomic Energy Agency (the Agency), initially based on the request
of the Contracting Parties to the Convention on the Prevention of Marine Pollution by
Dumping of Wastes and Other Matter (London Convention 1972), has developed an
inventory of radioactive material entering the marine environment from past radioactive
waste disposal operations as well as accidents and losses at sea. The rationale for developing
and maintaining the inventory is related to its use as an information base with which the
impact of radionuclides entering the marine environment from different sources can be
assessed and compared.

Five anthropogenic sources of radionuclides entering the marine environment can be
identified. These sources are: disposal at the bottom of the sea of radioactive waste; accidents
and losses at sea involving radioactive material; discharge of low level effluent from land-
based nuclear facilities; the fallout from atmospheric nuclear weapons testing and releases
from underwater nuclear weapons testing; and accidental releases from land-based nuclear
facilities. The first two of these sources are most closely related to the objective of the
London Convention 1972. This paper deals with the Agency's work on developing a
database of information on radioactive material entering the marine environment from these
two sources. The database has the acronym RAMEM (RAdioactive Material Entering the
Marine Environment). Information on the database is provided by IAEA Member States or is
obtained from other authorized sources.

The database module on sea disposal of packaged radioactive waste includes relevant
disposal data such as total volume and activity of disposed waste, the State responsible for
disposal, waste type (solid objects, solidified or liquid waste, reactor vessel with or without
fuel), matrix type (concrete, bitumen, polymer etc.), containers (type, weight, number etc.)
and geographical coordinates and depth of the disposal site. The first output of the inventory,
IAEA - TECDOC - 588 [1] published in 1991, included disposal operations reported by 12
countries. This Inventory has recently been updated to include information provided by the
Russian Federation on disposal operations carried out by the former Soviet Union and
subsequently the Russian Federation and some additional information provided by Sweden
and the UK [2]. Dumping operations have been carried out in the Atlantic, Pacific and Arctic
Oceans. The information is summarized in Table I.
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TABLE I: DISTRIBUTION OF ACTIVITY (TBq) OF DIFFERENT TYPES OF WASTE
DUMPED IN THE WORLD OCEANS

WASTE type

Reactors with fuel

Reactors without
fuel

Solid low level
waste

Liquid low level
waste

Total

Percent of total
activity

Atlantic

Nil

1000

44261

<0.001

45261

53.21

Pacific

Nil

166

811

457.8

1435

1.69

Arctic

36877

143

588.4

765

38373

45.10

Totals

. 36877

1309

45090

1223

85069

Percent
of total
activity

43.64

1.55

53.36

1.45

100.00

All the information on sea disposal operations is confirmed by the Member States.

The module of the database on accidents and losses contains the following
information: date of the accident or loss; material involved such as vessels, aeroplanes,
satellites, sealed sources etc.; geographical location and depth; a brief description of the
source involved; whether recovered; whether monitoring was carried out; and whether any
activity was released to the environment. All accidents and losses included in the database
are either officially notified or confirmed by the Member States or based on authoritative
information. The data is categorized into: accidents resulting in actual or potential release to
the environment (19 confirmed accidents - 3 countries); accidents resulting in no actual or
potential release to the environment (5 accidents - 4 countries); losses of sealed sources
resulting in actual or potential release to the marine environment (214 sealed sources - 9
countries); and losses of sealed sources that were recovered intact (16 sources - 4 countries)
[3]-

In a separate initiative the IAEA has started the development of a database on
discharges of radionuclides to atmosphere and the aquatic environment.
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RADIOACTIVE CESIUM, COBALT AND PLUTONIUM IN BIOTA,
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Biota, macroalgae and sediment samples were collected during scientific
expeditions organized by Murmansk Marine Biological Institute (MMBI) in
1993 - 1996 in the Barents, Petshora, Kara, Laptev and White Sea and in the
Kola Bay The samples were analysed for gammanuclide and plutonium
isotope concentrations by STUK - Radiation and Nuclear Safety Authority in
Finland.

All the measured radioactivity levels were surprisingly low compared to
the possible pollution sources in the Russian Arctic Seas. 137Cs levels were
very low in all biota samples, 0.3 - 1 Bq/kg f. w. in fish and Greenland seal
pups, <0.3 - 6 in sea birds and in 200 benthic species samples. Slightly
higher n7Cs concentrations, 2 - 4 Bq/kg d.w. were noticed only in algae
samples from the White Sea and from some closed bays at the Kola Peninsula
coast. The activation product 60Co was detected in benthic and algea samples
north-east of the Kolguev Island in the Barents Sea near a dumping site and in
the Kola Bay near the Polarnyi nuclear submarine base.

Also plutonium isotope concentrations were very low in all biota samples,
in flesh of fish 239-24Opu <2 mBq/kg, exept in the ray 7.8 Bq/kg, in sea birds
and seal pups <1 - <8 mBq/kg f.w. Slightly higher levels were noticed only in
brittle star, 23924()Pu 14-20 mBq/kg f.w, 238Pu <10 Bq/kg. In all the other
biota samples the 238Pu concentrations were <1 mBq/kg. 239-240Pu
concentrations of algae varied from 0.02 to 0.23 Bq/kg d.w., except red algae
from Kolguev 0.28 Bq/kg d.w, all 238Pu concentrations <0.01 Bq/kg
Plutonium analyses of more biota samples are under preparation.

Sediments were collected from about 150 sampling locations. The l37Cs
concentrations varied from 0.2 to 20 Bq/kg d.w and the per square metre
calculated concentrations 2 - 1 5 0 Bq/m2 in 0 - 2 cm surface layer. Higher
levels, 20 - 81 Bq/kg and 150 - 580 Bq/m2 were measured only in the White
Sea and especially in the estuaries of the rivers Dvina (White Sea) Ob and
Yenisey (Kara Sea). The activation product 60Co was detected in all sediment
sampling locations in the Kola Bay between the nuclear icebreaker base
Atomfiot and the Barents Sea. Cobolt was also noticed in Yenisey estuary
sediment and in one site in the Kandalaksh Bay (White Sea).

251



Plutonium has so far been measured in 79 locations. The 239 240pu

concentrations in 0 - 2 cm surface sediment layers varied from 0.14 to 4.4
Bq/kg. In 29 sites where the sampling was performed quantitatively the
calculated concentrations were 2.5-25 Bq/m2. Slightly higher concentration,
46 Bq/m2, was noticed only at one sampling site south ofNovaya Zemlya
Plutonium activity ratio, 238Pu/239 240Pu was calculated for sediment samples
with measurable amounts of 2"8Pu. The ratio varied from 0.023 - 0.083,
except in four locations in the Kola Bay and in one location in the White Sea.
In the Kola Bay the increased ratio, 0 10 - 0.12 indicate a certain amount of
fresh release from the nuclear icebreaker facility or from the storage vessels in
front of the Atomflot or from the several military nuclear submarine bases
along the Kola Bay. The origin of the increased plutonium isotope ratio in the
White Sea sampling location is unknown, but one dumping site for liquid
radioactive waste is in the vicinity of this place .

The effect of the riverine transport on the cesium and plutonium
concentrations in the estuary sediments have been studied by calculating the
ratio 137Cs/239240Pu. The highest ratios, 105 - 110, were obtained in the
estuaries of the Dvina River (White Sea) and of the Yenisey River (Kara Sea),
indicating an excess of radiocesium input from the large catchment areas. The
total 1?7Cs load of the 0 - 20 cm surface layer was calculated to be about 5800
Bq/ m2 81 in the Dvina River estuary and about 5200 Bq/m2 in the Yenisey
River estuary. Incresed ratios, 20 - 40, were also calculated in the southern
part of Kola Bay and outside the inlet of Ob River. The lowest ratio, 2.3 - 5.3,
was measured in the open of Barents Sea.

In most cases the radioactive contamination in the unrestricted areas of
the Russian Actic Seas originates in nuclear weapons tests and in the
Chernobyl accident.
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POTENTIAL RADIOECOLOGICAL RISK FROM RADIOACTIVE
WASTE DUMPINGS IN THE ARCTIC SEAS
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For the period over three decades Russia practiced the dumping of solid radioactive wastes
(RW) in the Kara Sea near the Novaya Zemlya archipelago. Since 1993, the large international
efforts are directed to the evaluation of long-term radiological consequences of the RW dumpings in
the shallow arctic sea. The paper presents some results obtained within the framework of the recent
International Arctic Seas Assessment Project (IASAP) under the auspices of the IAEA. The
objective of the paper is the comparative analysis of the current radiological situation in the Arctic
Seas and the potential harm, associated with the radioactive leaks from old RW disposals for the
next 1000 years in the future.

Current radiological situation in the Arctic Seas
The current annual doses from consumption of seafood harvested in the Barents and Kara

Seas were calculated [1], based on the statistical data on catches of marine products and the recently
reported values of radionuclides content in seafood. The annual collective and individual doses from
the arctic seafood consumption are summarized in Table 1. These current dose rates, representing
the radiologically tolerable levels of exposure, may be considered as a basis for comparison with the
potential radiological harm of radionuclide releases from the RW disposals in the Kara Sea.

Potential contamination of the Arctic Seas for the period over 1000 years in the future
The potential radioecological situation in the Arctic Seas was simulated for the period over

1000 years in the future, using the regional dynamic model ARCTIC and the IASAP scenarios of
nuclide specific annual releases from each of RW disposals. The computer model ARCTIC was
created in 1994 as a part of IASAP and was designed for long-term predictions of radioactive
contamination of marine ecosystems in the Barents and the Kara Seas [1]. The three IASAP source
term scenarios include [ 2 ]:

-case A, the "best estimate " discharge scenario;
-case B, the " plausible worst case", an accidental complete breach of the containment

including the spent nuclear fuel from the icebreaker 'Lenin' . This will be assumed to occur at the
year 2050 AD in the Tsivolki Fjord of the Novaya Zemlya;

-case C, the 'climate change' scenario, total disruption of all RW disposals due to climate
changes with the release of activity directly into the Kara Sea. The release will be assumed to occur
at 3000 AD.

The results of model predictions for each of the three release scenarios are presented in
Table 2. The collective doses to world population (truncated to 3000 AD ) are predicted to be very
low for all scenarios and vary within the range 0.09-0.13 personSv. Comparing with the current
radiological situation in the Arctic Sea, (see Table 1), the potential radiological harm, associated with
the leaks of radionuclides from the RW disposals in the Kara Sea, is practically negligible for the
world population.

Dose rates to the arctic marine biota
Current dose rates from technogenic radionuclides to the arctic marine organisms were

estimated, based on observational data on the biota contamination. The current exposure dose rates
were found to be very small and varied within the range (0.5-10)xl0"9 Sv day'1 [3]. The future
radioecological situation was simulated for the local fjord (Tsivolki Fjord), using the scenario B of an
accidental disruption of RW disposal site at 2050 AD. For the scenario B, the alpha-emitting
radionuclides will be dominating in the local contamination of the fjord. Dose rates to local marine
biota during the period of highest releases of radionuclides from ruined containers were calculated
to vary in the range 0.2-10 mSv day'1 [4]. For some species (benthic organisms) the predicted dose
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rates will exceed the critical level of 10 mSv day'1 (1 rad day'1), where a damage of local populations
should be expected.
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Table 1. Current dose rates to humans from the arctic seafood consumption (technogenic
radionuclides 137Cs, ^ Sr, 239Pu are considered)

Origin of seafood

Seafood from the
Barents Sea
Seafood from the Kara
Sea

Annual collective dose,
personSv year"1

2.7-4.5

0.03

Annual individual dose
(average consumer),

Sv year"1

2.4xlO"7

5.7xlO"7

Annual individual dose
(high-rate consumer),

Sv year'1

2.8x10^

. 4.2x10^

Table 2. Potential collective doses to world population from arctic seafood
for the three IASAP scenarios of radionuclide releases from the RW scuttled

consumption, calculated
in the Kara Sea

Dose from seafood
consumption, personSv
Collective dose
truncated to 3000 AD
Nuclide contribution, %

Pathway contribution,
%

Scenario A

0.09

137Cs-44%;
239'240Pu-33%;
others-23%
Fish-75%;
Molluscs-19%;
Crustaceans-6%

Scenario B

0.13

137Cs-52%;
239-240Pu-28%;
others-20%

Fish-91%;
Molluscs-7%;
Crustaceans-2%

Scenario C

0.092 (to 3500 AD)

137Cs-43%;
239(24Opu_37O/o.

others-20%
Fish-89%;
Molluscs-6.6%;
Crustaceans-6%
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Assessment of Environmental Risks from
Land Based Sources of Radioactive Wastes in the Russian Arctic

Kay M. van der Horstl and Michael A. Champ 2

Concern for nuclear contamination in the Arctic stems from many sources: atmospheric
(from global fallout from nuclear testing, or Chernobyl type accidents, marine or ocean current
transport, riverine or groundwater transport, biological (migratory species), and ocean dumped
wastes and land based sources. The authors question whether the depth and detail of the
available information on processes and fate and effects and the reliability of the contaminant
assessments for land based sources would be comprehensive enough to draw valid scientific
conclusions on risk, public health and environmental safety. These assessments also have the
following specific data and information requirements: (1) estimates of actinides and (2) fission
and activation products that would require additional information: on reactor, type, fuel load, fuel
enrichment, power, operating history, and accident. Given reasons of national security, these
types of information are usually highly restricted.

For the ocean dumped nuclear wastes, the sparseness of the available data and information on
the source terms, along with the containment specifications allowed for only rough estimates of
release rates and products. However, the degree of confidence in the value of these data for
predicting risk increased, as sediment background levels became available. Russian, Norwegian
and AN WAP researchers all found low levels of radionuclides in bottom sediments down stream
from ocean dumped wastes and containers in the Kara Sea and in fjords in Novaya Zemlya.
These- background data suggested that catastrophic releases had not occurred in the sampled
areas from failure of the containers due to corrosion, rupture, crushing or gouging in shallow
waters by ice or icebergs.

However, for assessing the potential risk from nuclear contaminants that are in land-based
sites and/or river or groundwater, there is not the same level of scientific confidence in being
able to conduct a valid risk assessment. It is difficult to estimate me aegree 01 saxeuy 01 me
containment barriers and holding structures utilized for below ground stored nuclear wastes in
the f SU. In addition, the level of data and information on source terms and release rates is also
not available. When combined with a lack of understanding of the interactions of contaminant
transport in ground water and the impact of freeze and thaw and permafrost, there are serious
limitations in assessing risks from land based wastes in the Arctic. The are also political issues
that will limit the ability to develop more detailed source term knowledge about the condition,
composition and scope of these land based nuclear waste sources:

• The political sensitivity of the matter;
• National security issues,
• The lack of available funds for assessment and assistance efforts;
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Since publication of the White Book on the dumping of nuclear reactors and discharges of
radioactive materials into shallow Arctic seas (Yablokov et al. 1993), several risk assessments
addressing current and future impacts from the wastes have been completed (JNR 1997,
ANWAP 1997, IASAP 1998). These studies convincingly demonstrate that with the exception
of a few local "hot spots," radioactivity levels have not significantly increased in the Arctic
and doses to humans from key nuclear waste-related radionuclides are currently below
acceptable levels. Furthermore, major failures of containment systems for the dumped nuclear
reactors are not predicted to occur for perhaps another thousand years. It is therefore
appropriate to revisit debates surrounding key difficulties encountered in conducting risk
assessments for humans and biological resources in the Arctic.

One important aspect of the risk assessment process is the prediction of radionuclide
transfer into and through the marine food web. Out of necessity, the current class of risk
assessments are based on a simplified two step approach, that is, exposure of fish to
radioactivity and subsequent consumption by humans. Discussions have focused on predicting
the transfer of radionuclides from abiotic components of the marine environment (water and
particulate matter) into the food web, (e.g. the bioconcentration factor approach). This
approach was chosen out of necessity because there is inadequate information on biological
communities in Arctic seas. Many questions remain concerning the role of biological
community structure in controlling the transfer of radionuclides from low to high trophic
levels within the Arctic food web. For example, how do inter-relationships between species
(e.g. competitions, predator-prey interactions) and other ecological processes affecting
community structure (e.g. recruitment), influence the mobilization and transfer of
contaminants? We explore one facet of the food web issue. Namely, how does benthic
community structure influence radionuclide incorporation into the food web?

Benthic biomass and species density data were determined for field samples collected in
1993 and 1994 as part of the KAREX program (see Dahle et al., this symposium). These data
provide a snapshot in time of the Arctic benthic community structure within different regions
of the Kara Sea. Benthic data were grouped into four geographic locations, Ob/Yenisey delta
(EST) Eastern Kara Sea (NKS), Western Kara Sea (WKS) and the Novaya Zemlya Trough
(NZT). Radionuclide concentrations in seawater for each region were derived from model
results of a compartmental model developed to perform radionuclide risk assessments in the
Kara Sea (Iosjpe et al., 1997). The model was used to simulate releases from the Ob River
system of 1 TBq of each radionuclide. After three simulation years, radionuclide concentrations
in the Kara Sea were noted. We then modeled the uptake of caesium and other radionuclides
from water to benthic organisms assuming equilibrium partitioning of radioactivity. Using
estimates of radionuclide bioconcentration factors (IAEA 1985, ANWAP 1997), radionuclide
uptake was calculated in each of the four regions for four major phyla (Mollusca, Annelida,
Crustacea and Echinodermata).

In terms of biomass, the benthos was generally dominated by Mollusca and Annelida. In
the northern region (NKS), there is also a high contribution from organisms that are not
classified into the above four major phyla represented in the Kara Sea(69,5 g/m2). The
contribution of this diverse mixture of species to bioaccumulation and transfer of caesium
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through the food web could not be estimated. Modeling the discharge of caesium from the Ob
river system resulted in variations in seawater radionuclide concentrations ranging over
several orders of magnitude. It is not surprising that over short-timescales ( e.g. less than few
years), the first-order control on radionuclide bioconcentration to benthic organisms is due to
proximity to the discharge source. For the Kara Sea simulations, radionuclide
bioconcentration levels are highest in the estuary (EST), but the biomass (wet weight in
grams/m2) here is lowest. Low biomass near the discharge source helps limit the potential
transfer of radionuclides through the food web. Biouptake within individual phyla varied
among sites in accordance with radionuclide concentrations in seawater, with one exception.
Low biomass limits biouptake to Crustacea in NZT.

The Mollusca, which are efficient bioaccumulator organisms, are prominent in the benthos
and thus is an important starting point for bioaccumulation through the Kara Sea food web.
Walrus is known to harvest some species of Mollusca providing an efficient and direct
pathway for bioaccumulation to higher trophic levels. The Annelida also contribute
significantly to biomass distributions within the Kara Sea. Although less is known about
specific predator species, Annelida consumption by bottom dwelling fish, and in some cases
directly by seals is another pathway in the food web which should be carefully studied for the
Kara Sea. We have modelled patterns of radionuclide uptake from the abiotic environment
into the food web of the Kara Sea. The approach, provides a first-order glimpse at how
organisms occupying the bottom of the food web might set the stage and thereby influence
radionuclide transfers to higher trophic levels.

Caesium Biouptake to Biota: total bioaccumulation in Bq per m2 of sediment surface. The percentage of the total
is given for each phyla.

Total Bioaccumulation

Annelida
Crustacea
Echinodermata
Mollusca
Biomass (wet wt. g/m2)

EST
2.0E-04
23,7 %
17,3 %
0,3 %

58,8 %
135

NKS
1.1E-07
67,0 %
2,3 %
1,3 %

29,4 %
219

WKS
3.6E-06
17,7%
18,5%
1,1 %

62,6 %
244

NZT
9.1E-07
40,6 %
0,6 %
0,4 %

58,4 %
158
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Peuplement des sables fins des côtes algériennes : Amphipodes et pollution

A. Bakalem
ISMAL BP54 Plage Ouest, Sidi Fredj, Staoueli, Gouvernorat d'Alger.

Les investigations menées depuis un certain nombre d'années au niveau des baies
(Alger, Bou -Ismail, Fetzara ) et des golfes ( Arzew, Béjaïa, Jijel) de la côte algérienne, ont
permis de localiser, identifier et caractériser le peuplement des sables fins des secteurs
prospectés. Ce peuplement occupe les petits fonds ( O à 20 - 25 m ), formant une bande
côtière localisée au fond des baies et golfes, lieu d'aboutissement des rejets d'eaux usées des
grandes villes ou / et des pôles industriels côtiers ; les impacts de ces rejets sur le peuplement
des sables fins, permettent d'évaluer les flux de pollution affectant ces fonds. Dans ce sens,
l'analyse des richesses spécifique et numérique du peuplement, plus particulièrement de l'un
de ses compartiments, les Amphipodes, est un outil fort appréciable.
• Golfe d 'Arzew : Le littoral est fortement urbanisé et industrialisé : nombreuses villes
côtières, deux ports, l'un constitue le premier port algérien d'exportation d'hydrocarbures,
premier pôle industriel algérien ( pétrochimie, liquéfaction de gaz naturel....)
• Baie de Bou-Ismail : La côte est très faiblement urbanisée, et non industrialisée, région
essentiellement à vocation agricole.
• Baie d'Alger : Le littoral de la baie et la région attenant sont des zones fortement urbanisées
et industrialisées : 12 % de la population soit environ 3,5 M. d'habitants et 22 % des activités
industrielles algériennes. Les eaux usées sont traînées vers la mer par de très nombreux
émissaires et deux oueds. Dans cette baie, il existe un gradient de pollution décroissant
d'Ouest en Est : le secteur Ouest ( Station 1 ) est le plus pollué; le secteur Est (Station 4) le
moins pollué, et le secteur Centre, en situation intermédiaire ( stations 2 et 3).
La baie d'Alger de la côte algérienne est le secteur le plus touché par la pollution.
• Golfe de Béjaïa : Sur son littoral sont implantées une ville, Béjaïa, et une zone industrielle
relativement importantes, cependant le port de Béjaïa est un des premiers dans l'exportation
du pétrole brut.
• Golfe de Jijel et baie de Fetzara : Leur littoral est très faiblement urbanisé, et non
industrialisé, constituant ainsi des régions naturelles par excellence.

Pour chacun des secteurs concernés, il a été évalué la richesse spécifique des
Amphipodes, et leur pourcentage par rapport à la diversité totale du peuplement, la dominance
cumulée des Amphipodes classés espèces principales, la dominance moyenne de l'ensemble
des Amphipodes (tableau ci-dessous ), leur fréquence dans le peuplement.

Arzew
Bou-Ismaïl
Alger : Station 1

Station 2
Station 3
Station 4

Béjaïa
Jijel
Fetzara

Nombre
d'espèces

27
39
20
19
21
36
19
30
21

% diversité totale

16.46
17.81
9.01
9.94
10.77
14.94
12.10
20.98
15.67

Dominance
espèces principales

0
11.49

0
0

2.27
1.34
12.63
49.98
20.27

Dominance
Amphipodei

6.69
21.5
2.38
1.29
3.54
3.35
18.07
52.57
27.92
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• Arzew : Aucun Amphipode ne figure parmi les principales espèces ; Hippomedon
denticulatus, Ampelisca sarsi, les plus fréquentes ne sont que des espèces peu communes.
• Baie de Bou-Ismaïl .Urothoë grimaldii, U.poseïdonis, U. brevicornis,
Ampelisca brevicornis sont des espèces principales du peuplement. Dans le peuplement on
dénombre deux espèces communes : Ampelisca brevicornis, Lembos spiniventris et sept peu
communes: Siphonoecetes dellavallei ; Urothoë grimaldii, U. poseïdonis, Ampelisca diadema,
A. sarsi, Lembos angularis, Phtisica marina. Presque le quart des individus du peuplement
sont des Amphipodes.
• Baie d'Alger : Selon le secteur, la représentativité spécifique et numérique des Amphipodes
est différente, elle augmente du secteur le plus pollué vers le secteur le moins pollué . Ces
Amphipodes constituent 9,01 (station 1) à 14,94 % (station 4) de la diversité totale, et leur
dominance moyenne fluctue entre 1,29 (station 1) et 3,54 % (station 3 ).
Aucun Amphipode n'est espèce principale aux stations 1 et 2, tandis qu'aux stations 3 et 4,
Pariambus typicus f. armata est espèce principale très commune , et espèce commune aux
stations 1 et 2. Ampelisca spinipes est espèce commune à la station 3 et à la station 4 associée
à d'autres espèces communes : Ampelisca sarsi, Urothoë brevicornis, Leucothoë lilljeborgi,
Bathyporeia guilliamsoniana. La diversité , l'abondance, la fréquence des Amphipodes aux
stations sont étroitement liées au degré de pollution les affectant.
• Golfe de Béjaïa : Urothoë poseïdonis ,U.pulchella, Ampelisca brevicornis,A. diadema,
Aora gracilis figurent dans le cortège des espèces principales. Les trois premières sont des
espèces constantes auxquelles s'ajoutent les espèces communes : Ampelisca diadema, A.
pseudospinimana, Aora gracilis, Harpinia antennaria, Perioculodes longimanus.
• Golfe de Jijel : La moitié des espèces principales sont des Amphipodes : Ampelisca
brevicornis (espèces leader du peuplement), A. spinipes, A. diadema , A. sarsi, Lembos
spiniventris, Urothoë poseïdonis, U. brevicornis. Ces principales espèces très communes
rassemblent la moitié des effectifs du peuplement, tandis que l'ensemble des Amphipodes, un
peu plus de la moitié.
• Baie de Fetzara : Siphonoecetes dellavallei (espèce leader), Urothoë grimaldii et
U. pulchella, Ampelisca sarsi, sont des espèces principales. U. grimaldii est espèce constante,
tandis que Siphonoecetes dellavallei et Ampelisca brevicornis espèces très communes,
Perioculodes longimanus espèce commune. Les Amphipodes constituent un peu plus du quart
des effectifs du peuplement.

La comparaison de la diversité, de la dominance numérique et de la fréquence des
Amphipodes au sein de chacun des peuplements de SF des baies et golfes étudiés, révèle une
relation étroite entre ces indices et le degré de pollution du milieu. La disparition, la
raréfaction ou la grande diversité des Amphipodes sont autant d'informations sur la qualité du
milieu. Cette sensibilité des Amphipodes à la pollution déjà mentionnée par certains auteurs
(1,2&3), fait d'eux d'excellents indicateurs biologiques ; leur mode de reproduction direct et
l'insularité géographique de leur population (2) renforcent leur caractère d'indicateur
biologique.
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EFFETS BIOLOGIQUES DES POLLUANTS SUR LES
ORGANISMES, LES COMMUNAUTES ET LES ECOSYSTEMES

D JAMA, T.

Station de Recherche Halieutique et Océanographiques PMB77 Limbe,
Cameroun
Fax: (237) 33 27 81/35 13 57

Les pollutions marines au Cameroun proviennent des agro-industries, des
industries chimiques, de l'exploitation pétrolière et des déchets urbains
(domestiques). Ces industries, libèrent dans la mer des substances polluantes à
savoir : des Nitrates, Phosphates, des organo-chlorés, plomb, mercure et virus.

Ces polluants peuvent entraîner la mort massive des organismes marins
plus exactement : les larves de poissons, certains invertébrés, le zooplancton et
le phytoplancton.

La présence métaux lourds tels que le plomb et le mercure dans les eaux
marines peut non seulement entraîner des intoxications humaines (directes et /ou
indirectes), mais aussi une modification de la croissance et/ou de la reproduction
de plusieurs espèces de poissons.

Au niveau de l'écosystème marin, les substances polluantes peuvent
entraîner l'eutrophisation du milieu, la diminution de la productivité de la chaîne
trophique et la réduction du transfert d'énergie au niveau de la chaîne
alimentaire. On assiste généralement aussi à une diminution de la production
halieutique, de la biodiversité aquatique et une modification spatiale des
communautés de poissons.
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210-Po UPTAKE BY^OOPLANKTON DURING A ONE YEAR CYCLE IN RELATION TO TROPHIC
CONDITIONS IN MONACO BAY.

Jaime FSrber-Lorda
Centro de Investigaci6n Cientifica y de Educaci6n Superior de Ensenada, Ensenada, B. C. Mexico.
Carr. Tijuana-Ensenada, Km 107, Ensenada, B. C. Mexico, (e-mail: jfarber@cicese.mx)

Ross A. Jeffree
Environment Division, Australian Nuclear Sciences and Technology Organization (ANSTO) PMB 1,
Menai, 2234, Australia.

Scott W. Fowler, Fernando Carvalho
IAEA, Marine Environment Laboratory, P. O. Box 800, MC 98012, Principality of Monaco.

Former evidence [1] showed that in oligotrophic waters in French Polynesia there is an inverse conelation
between zooplankton biomass and zooplankton 210-Po concentration. To study the same phenomenon in a
more seasonal environment, monthly samples of zooplankton, water, fecal pellets, and particulate organic
matter were obtained off Monaco and analyzed for 210-Po content. Trophic conditions were obtained by
analyzing the biochemical composition of particulate organic matter (POM) at 0, 20 and 50 m depths. A
constant input of 210-Po, from the decay of 210-Pb and 222-Ra was assumed. However, the mechanism by
which 210-Po is accumulated in zooplankton seems to be more complicated than previously believed.

The biogenic samples were digested with nitric acid, hydrochloric acid and hydrogen peroxide, and 209-Po
was added as tracer [2]. For water samples the same procedure was utilized with minor adaptations. For
protein, carbohydrates and lipids determination, the methods are described elsewhere [3,4].

Zooplankton biomass showed a typical spring "bloom" during May (see Fig. 1), which was preceded by a
maintained high POM (the sum of proteins plus lipids plus carbohydrates) which started at the end of
March and receded in May. In August there was another "bloom" but it did not sustain an increase of
zooplankton biomass. High POM values were also found during October and November but zooplankton
biomass was persistently low.

Biomass

1995
Date

1996

Figure 1. Zooplankton biomass in Monaco Bay.
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Total 210-Po concentration in zooplankton and water showed an opposite trend, but they were not
significantly correlated. The highest 210-Po concentration in zooplankton coincided with the lowest 210-
Po concentration in water (Fig. 2), and also with the lowest POM concentration (Fig. 3). No correlation
was found between 210-Po zooplankton concentration and zooplankton biomass for the whole sampling
period. However, zooplankton biomass in Monaco was never as low as in French Polynesia.
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Figure 2. 210-Po concentration in water and
zooplankton in Monaco bay

Figure3. POM in Monaco Bay

Zooplankton of different size fractions showed a significant difference in 210-Po concentration. Different
taxonomic groups of zooplakton also exhibited quite different values. It is apparently important to consider
taxonomic composition and size of the individuals to understand the mechanism of bioaccumulation and
how 210-Po is distributed between the different components of the "system": (water, zooplankton, fecal
pellets, particulate matter (organic or inorganic) and phytoplankton) in a highly dynamic seasonal
environment like this area of the northwestern Mediterranean Sea.
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DISTRIBUTION OF HEAVY METALS IN SEDIMENTS OF THE VENICE
LAGOON: THE ROLE OF THE INDUSTRIAL AREA

Mauro Frignani1, Luca Giorgio Bellucci1, Marzia Ravanelli1, Daniele Paolucci2

'IGM-CNR, Via Gobetti 101, 40129 Bologna (Italy)
2EniChem, Via della Chimica, P.to Marghera, Venezia (Italy)

The Venice Lagoon has been heavily polluted both from diffuse and direct sources. It
has been recently established that the atmospheric delivery of contaminants to the
lagoon can be very significant in zones far from direct sources, but the influence of the
industrial area of Porto Marghera, though widely recognized, has not been entirely
described and quantified. In order to assess the temporal and spatial variability of metal
pollution, and to better understand the contribution of the industrial channels as sources
of contaminants, in May 1996 we sampled 18 stations in the lagoon and 9 in the
channels of the industrial area of Porto Marghera. At each site a short core, 10 cm long,
was taken and immediately extruded to obtain 4 slices 2-2.5 cm thick. Sediment samples
have been analysed for As, Cd, Pb, and Zn after acid extraction. Based on this approach
we obtained information on the very recent sediment record: assuming accumulation
rates of 0.3-0.4 cm y"1 the top 10 cm represent 25-30 years and each section 6-7.5 years.
The results relative to surficial samples are summarized in the Table. Zn is the metal
which shows the highest concentrations in lagoon sediments.

Metal
As
Cd
Pb
Zn

Channels (ng/g)
5 - 120
0.3-70
21-929

113-8295

Lagoon (ng/g)
5-25
0.2-5

38- 114
101 - 1115

Background (|ig/g)
-

< 1
<25
<70

Table. Concentration intervals of metals in the surficial samples. Background values are from Orio and
Donazzolo(1987).

Maximum values, are relative to the sample taken from the Canale Industriale Nord
which is presently the most important source of pollutants to both the Canale dei Petroli
and the lagoon. This is confirmed by metal distributions in lagoon sediments: the
highest concentrations have been found in sediments close to the mainland, in a wedge-
shaped area located between the Canale Vittorio Emanuele III and the Isola delle Tresse.
The comparison of metal distributions in sediments at various levels shows the
evolution of the inputs. The patterns suggest that the heavily polluted areas are reducing
in size but the influence of the materials stored in the the Canale Industriale Nord has
increased through time, and is presently the most important. Metal distributions are also
discussed on the basis of grain size composition of sediments and water circulation
patterns. Despite many previous studies, these results for the first time clearly point out
the potentially most dangerous source of pollutants within the lagoon system.
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REPONSE QUANTITATIVE DES COMMUNAUTES DE NEMATODES SOUMISES A
L'INSTABILITE SPATIO-TEMPORELLE D'UNE LAGUNE POLLUEE : LE LAC SUD DE TUNIS.

M-HERMI et P. AISSA

Laboratoire d'Ecobiologie .Animale- Faculté des Sciences de Bizerte - 7021 - Zarzouna- Bizerte- TUNISIE

Le lac sud de Tunis, soumis aux flux continus de rejets organiques, domestiques et industriels,
est sujet à une forte eutrophisation. Ce phénomène qui s'accentue en été s'accompagne de la mort des
macroalgues et du dégagement d'odeurs nauséabondes, des eaux rouges y apparaissant sporadiquement.

Des prélèvements saisonniers de nématofàune sont réalisés à partir de 10 stations
d'échantillonnage de mars 1996 à décembre 1997 afin d'une part de connaître la réponse des nématodes
à la pollution organique qui caractérise actuellement le plan d'eau et d'autre part d'avoir un état
référentiel de cet écosystème avant les grands travaux d'assainissement et d'aménagement qui y sont
projetés. L'instabilité physico-chimique du lac sud se répercute sur toutes les données quantitatives des
communautés de nématodes aussi bien à l'échelle spatiale que temporelle.

C'est ainsi que les prélèvements, toutes stations confondues, montrent une chute considérable
des densités nématologiques durant la saison estivale, la moyenne saisonnière n'étant que de 12
individus. 10 cm'2 contre une moyenne maximale de 591 individus. 10 cm"2 relevée en hiver et des
densités moyennes intermédiaires au printemps et en automne, respectivement égales à 266 individus. 10
cm '2 et 300 individus. 10 cm'2. L'étude statistique réalisée par le biais du test de Student confirme ce
résultat, les effectifs estivaux apparaissant très significativement plus faibles que ceux enregistrés aux
autres saisons. De la même façon, la biomasse totale moyenne des peuplements nématologiques, toutes
stations confondues, fluctue entre un minimum estival de 0.019 mg. 10 cm"2 et un maximum hivernal de
1.23 mg. 10 cm'2, la valeur estivale étant statistiquement plus faible du fait de l'état anoxique des
sédiments en certains points. Le poids moyen individuel qui est un paramètre dépendant davantage de la
composition spécifique que de l'effectif communautaire, varie lui aussi saisonnièrement mais de façon
moins tranchée. Ainsi, sa valeur qui atteint 2.58 ug au printemps est significativement différente du
minimum de 1.1 ug observé en été.

Sur le plan spatial, toutes saisons confondues, la station du canal de Rades la plus proche de la
mer et la moins polluée organiquement, apparaît la plus peuplée avec un effectif moyen de 1420
individus. 10 cm'2, lequel est significativement plus élevé que ceux de 29 et 33 individus. 10 cm'2 relevés
respectivement aux stations plus confinées LS2 et LS8. Les densités étant significativement corrélées à
la biomasse totale, la communauté prélevée à la station du canal de Rades présente la plus forte
biomasse moyenne (3.796 mg. 10 cm-2), ses valeurs saisonnières étant toujours optimales, sauf en été.
La moyenne stationnelle du poids moyen individuel, très fluctuante, oscille entre 0.82 ug (station LS 2)
et 3.28 ug (station LS 5), les valeurs de la biomasse moyenne d'un nématode présent à la station LSI
étant significativement ou très significativement plus élevées que celles observées aux stations confinées
LS8, LS9etLS10.

A l'échelle spatio-temporelle, les densités de nématodes, fluctuent entre un pic saisonnier
maximal de 3577 individus. 10 cm"2 au niveau de la station LSI et un minimum de 10 individus. 10 cm"
2 aux stations LS2 et LS7. Les conditions extrêmes qui sévissent en été sont responsables de la
disparition des nématodes aux stations les plus confinées LS3 et LS8 et de la chute de l'effectif maximal
saisonnier à la valeur restreinte de 34 individus. 10 cm"2. Les biomasses qui sont recensées à la station
LS2 durant les saisons printanière et hivernale sont tout comme les effectifs particulièrement faibles et
ne dépassent pas 0.012 mg. 10 cm"2.

Il ressort de l'étude que les communautés de nématodes sont plus ou moins quantitativement
affectées par la pollution organique caractérisant le plan d'eau, les conditions ambiantes apparaissant
plus rigoureuses en été qu'au printemps, notamment au niveau des stations occidentales, les plus
éloignées de la mer.
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Figure 1: Localisation des stations de pr£levements.

Station

Par.quant.

D. Moy.NeVn.

Ind. 10cm-2

Biom.Moy.

mg. 10cm-2

Pds.lnd.Moy.

(W)

LS1

1420

3,796

2,46

LS2

29

0,024

0,82

LS3

50

0,056

0,865

LS4

344

0,428

1,1

LS5

132

0,191

3,28

LS6

217

0,33

2,17

LS7

50

0,083

2,54

LS8

33

0,043

0,91

LS9

480

0,385

1,08

LS10

166

0,179

0,913

Moyenne

292

0,552

1.614

Tableau 1: Variation spatiale, toutes saisons confondues, des différents paramètres
quantitatifs (densité, biomasse et poids individuel moyen des nématodes).

Parquant. : Paramètres quantitatifs
D. Moy.Ném. : Densité moyenne de nématodes
Biom. Moy.: Biomasse moyenne
Pds.Ind.Moy. : Poids individuel moyen
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Modelling of 137Cs concentration change in organisms of the Japanese coastal food chains

Y. TATEDA

Abiko Research Laboratory, Central Institute of Electric Power Industry (CRIEPI), Abiko,
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M. NAKAHARA

R. NAKAMURA

National Institute of Radiological Sciences (NIRS), Nakaminato, Japan

In order to predict 137Cs concentrations in marine organisms of Japanese coastal food

chains, a basic compartment model being composed of nuclide transfer both from seawater and

food chain was investigated.

Food chain structure of typical Japanese coastal water is established to include

detritus food chain, benthic food chain and planktonic food chain. The relation of uptake and

excretion flux of 137Cs in organism can be expressed as follows [1-4].

^ d ) + dnD(t) - kn0Bn(t)
dt

where Bn(t) represent 137Cs concentration in organism of trophic level n, S(t) is the 137Cs

concentration in seawater, D(t) is the 137Cs concentration in food organism or matter, t is the

time (day), konis the uptake ratio constant of organism, and kn0 is the excretion rate constant

of organism. The dmn is the uptake rate constant from food being derived by dn = e nrn, where 6

n is the transfer rate of 137Cs in digestive system in predator, rn is daily ingestion rate of food

by predator. Data of the transfer coefficients of l37Cs for Japanese organisms exists as a result

of many tracer experiment studies, and derived geometric mean of the reported coefficients

were used for calculation.

TABLE 1. Observed values of CF and derived equilibrated values in model.

Organism

Phytoplankton

Zooplankton

Algae

Plankton feeder

Detritus feeder

Benthic teleosts

Observed CF
137Cs

-

11

7-49

5-28

4-28

11-150

Stable Cs

-

1-130

16-67

3-56

3-56

17-130

Derived equilibrated

value (CF)

22

25

20

20

38

45-81
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The equilibrated values of (137Cs level in organism)/(137Cs level in seawater) derived

from calculation agreed with the observed data, indicating validity of modeling conditions

(Table 1). The result of simulation by this food chain model indicated the following conclusions.

1) "Ecological half-life" of 137Cs in organisms of food chain were generally longer

than the reported biological half-life derived from tracer experiments, indicating that there

is a time lag in 137Cs transfer through food chain. The result suggested that delay of the

transfer is up to 20 - 30 % in organisms of lower trophic level and 60 - 90 % in organisms of

higher trophic level.

2)The modelling makes it possible to predict the elevation of 137Cs concentration in

organisms being respond to the temporal introduction of 137Cs into environmental seawater.

The simulation showed, however, the 137Cs concentration peak in organisms of food chain

appeares 20 - 100 days later, and the concentration ratio (137Cs in organism / 137Cs in

seawater) reaches only 3 - 4, in case of temporal 137Cs introduction (3 days) to seawater. This

result indicates insignificant contribution of short term 137Cs introduction to organisms of

coastal food chains.

80 100 Days

FIG. 1. Simulation of temporal elevation of 137Cs concentration in organisms

of food chain being respond to 137Cs introduction to seawater.
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Although s-triazines have b«en used as herbicides for many years, their use and that of other herbicides
and fungicides, in anpTouling compounds is only fairly recent. Very little published data exists
concerning the toxicity of these compounds on non target marine algae and other orgauisms (Readman
ciai.,\993). Research in UK suggests that in the years following the introduction of triazines as an
active ingredient in antifouling paints, there has been an increase .in the levels of triazincs found in
waters with high boating activity (Gough vt a/,. 1994). The H«mhlc estuary, Hampshire UK has been
identified as one such site. Investigations were conducted into the effects ofs-iriazines on selected
marine macroalgae, local 10 that area.

Initially the investigation looked at the lethal effects of triazines on a range of macroalgae local to the
hainble estuary. Pilot results on a limited number of common algae, indicated mat only Veramium
ruhrum, a red alga was susceptible to terbutryn at concentration less than 100 ing L l . With all other
test algae showing no measurable effect at concentrations up to 100 mg I •''. Other investigations
indicated that sporeling* werv more Susceptible than adult plants. Table I shows at L>C,0 (my I."')
values at four days for a wider range of algae, ll can be seen that the most susceptible atgae are Fucu.\
\pirali\ ami ('• ruhrum. mid to low shore species. The most resistant algae were the two large, mid
shore species. Ascophyllum nodosum and Htmanthatta etongafa. The mid to upper shore species, tllw
spp and Emeromorpha sp, being moderately resistant to s-triazrue.

Table 2 LG« (mgl -') value* Rt four day t for Mriftxine* nit marine ntacrnalgae

Alga

lllvajpp

Knhtr'Morpha ip

I'.VL'SfCUloMa

A\ci\pyltum nudwum

Mmanthatia thitgam

Ceramium nttrum

LCS (mgL')

15

20

If.

23

66

>l<>0

17

Initially it appeared that the sensitiveness of the algae to s-triazine may be due to the position on the
beach. However, consideration should also be given to the effect of the robust physical nature of the
resistant species. Ail species seem to be tolerant to s-triazines man reported at other sires (May or al..
1997). Algae, from a study near Plymouth, were taken from sites with very low levels of s-triannc.
Algae from this study which were taken from s-triazine polluted site*. This leads to the sugyestion that
some ulgse may in fact may become resistant to pollution levels. Work i* continuing in this area.

Growth experiments were conducted to investigate the sub lethal effects of s-triazbies on marine algae
Apical Mrutitins of Kve.vicit/nxu.r were grown in varying s-triazine concentration* over a range of
temperature* for 21 days, logistic curves were fitted to the alga] growth data. Figure 1 show the
effects of s-triazinc on the growth at 22*C. It can be seen that concentrations of greater than

significantly reduce me growth rate of /•'. vesisnthswi after seven days exposure. At 1512 the growth of
the alga is significantly reduced by concentrations of 10 mg L ' but with die significance in growth
reduction seen earlier at five days.

269



Fig 1 the effects of s-triazine on the growth of F.veslculoswtat 22*C

Results from further experiments indicate that s-triazines aiTect the developmental growth of
/-'. vesiculasus in the form apical division, the fertility of h'.wsicuh.tus. Bifurcate division of the apical
regions is significantly reduced in concentrations greater than I mg L ' . and a significant reduction in
the number of experimental plants becoming fertile ai 10 mg L ' . Preliminary experiments growing
algae in varying levels of the toxin and salinity, indicate that salinity may play a significant role int he
uptake of an ti foul ing toxins by marine algae.

It can be seen that s-triazincs, while be lethal to marine algae at levels higher than those reported to
date, may well have a toxic effect at sublcthal levels. S-Criaziocs arc phntosynthetic inhibitors, a
reduction in the photosymhetic effort will lead to a general reduction in metabolism. This h
manifesting itself as a reduction in the growth, development and reproduction of diese. The eventual
environmental consequence will be a reduction in the algal biomass of coastal areas. While there is
some indication the populations can adapt to these levels Other indicators point to an increased stress
by salinity variations leading to even more complicated picture oftoxicity existing in estuaries, where
boating activity is high..
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Teneuren P, S, K, Ca, Co, et Cd dans la chair de deux mollusques:
le bigorneau: Murex trunculus et la palourde Ruditapes decussatus prélevés dans le

port de pêche de Sfax, (Tunisie).
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Laboratoire régional des Sciences de l'environnement de Sfax. Route de la Soukra.

La surveillance de la qualité de la chair du bigorneau: Murex trumulus et essentiellement de
la palourde européenne Ruditapes decussatus nous permet de découvrir l'existance de la pollution, son
importance et de mettre en oeuvre par conséquent les meilleurs moyens de la prévenir et de la
combattre. En effet, si le processus de bioaccumulation se répète à chaque maillon de la chaîne
alimentaire, un élément toxique, présent chez le premier consommateur, peut augmenter chez certains
prédateurs comme il peut diminuer chez d'autres pour atteindre un taux élevé ou faible lorsqu'il parvient
au dernier maillon de la chaine alimentaire.

Dans cette étude, nous nous sommes intéressés à ces deux mollusques étant donné que la
palourde (bivalve filtreur) est parmi les proies préférées du bigorneau. Ce choix nous permet d'avoir une
idée sur le transfert des éléments toxiques du deuxième au troisième maillon de la chaine alimentaire
surtout si les échantillons sont prélevés dans les mêmes conditions et dans le même milieu.

Le milieu de prélèvement est le port de pêche de Sfax. Celui-ci, situé au nord du golfe de
Gabès est connu comme étant, un milieu très riche en coquillages, surtout en palourdes, le taux de
production dans l'ensemble de la région de Sfax vari de 43 à 69,9% de la production nationale, à
l'exception des années 1988, 1989 et 1990 où le pourcentage est descendu respectivement à 36, 24 et
33%. En plus, le golfe de Gabès, essentiellement les régions de Sfax et Gabès, sont particulièrement
soumises à un processus de développement industriel intense (essentiellement chimique). En effet,
plusieurs unités industrielles implantées sur la côte de la région de Sfax évacuent les rejets soit
directement dans le milieu récepteur, d'ailleurs, les travaux de (4) ont confirmé la contamination des
eaux interstitielles et des sédiments récupérés à basse marée, soit indirectement, à travei s la nappe
phréatique côtière également contaminée (2). Les eaux de la nappe s'écoulent dans le sens terre-mer (3).

Deux prélèvements ont été effectués pendant l'hiver et le printemps de l'année 1994. La chair
de l'animal est séchée à l'étuve à 60°C jusqu'au poids constant, broyée puis minéralisée à l'acide nitrique
et perchlorique selon la méthode décrite par (1). Les solutions obtenues sont passées au
spectrophotomètre d'émission. Des solutions étalons et témoins ont été utilisées en vue d'éviter toute
contamination possible.

Les résultats ont monté que les moyennes saisonnières enregistées chez le bigorneau sont
pratiquement les mêmes pour tous les éléments étudiés à l'exception du calcium où la teneur relevée au
printemps est supérieure de 79 ppm par rapport à celle relevée en hiver (fig. 1). Le test de Student a
montré une différence significative.

S'agissant de la palourde, les variations enregistrées entre l'hiver et le printemps ne sont
marquées que pour le cas du cobalt et du cadmium (fig.2). Ces variations, en faveur de la saison
hivernale, sont respectivement de 0,0011 ppm pour le premier élément et de 0,036 ppm pour le cas du
cadmium.

En comparant les concentrations moyennes enregistrées entre espèce, nous avons constaté
que les teneurs moyennes enregistrées dans la chair, sont, à l'exception du calcium, plus élevées chez la
palourde que chez le bigorneau (fig.3-4). Les concentrations relevées chez la palourde dépassent celles
enregistrées chez le bigorneau de 11,27 ppm pour le cas du phosphore, de 118,43 pour le souffre, de
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133,38 pour le potassium, de 0,0017 ppm pour le cobalt et de 0,039 ppm pour le cadmium. Ces
resultats indiquent que 1'accumulation des elements traces chez le bigorneau se fait a partir de l'aliment
de maniere beaucoup plus significative qu'a partir de l'eau d'une part et d'autre part, pour les elements
etudies, c'est la forme minerale qui est transferee d'un maillon a l'autre de la chaine alimentaire. Une
comparaison biogeographique nous a permis de situer nos resultats avec ceux enregistres parun
certains nombre d'auteurs qui ont travaille sur la chair de certains bivalves recoltes dans les cotes
Mediterraneennes et Atlantiques.
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Increasing environmental pollution is regarded as an anthropogenic stress factor in
general. As a consequence, this may have several detrimental impacts on
organisms, including aquatic species.

The ability of organisms to tolerate stress from chemical pollutants depends on the
availability of a variety of protection mechanisms. One important mechanism to
protect cells from lipophilic xenobiotics is based on enzymes or enzyme systems
converting the chemicals into more polar metabolites which can be excreted.
Cytochrome P450 monooxigenases belong to this class of enzymes. They are also
called mixed function oxigenases (MFOs). The MFO-system is a membrane-bound,
non phosphorylating electron transport complex that is usually part of the
endoplasmic reticulum of liver cells. The MFOs participate in a wide variety of
reactions including desaturation and hydroxylation reactions, and they will
metabolize both exogenous (e.g. xenobiotics, drugs, pesticides, hydrocarbons) and
endogenous (e.g. steroids, fatty acids) substrates to polar watersoluble products.
That means, that there is a huge family of monooxigenases, all acting on different
substrates, preferentially. One of them can be measured using 7-ethoxyresorufin as
an artificial substrate. Thus, the name of this enzyme activity is 7-ethoxyresorufin-O-
deethylase (EROD).

The EROD-activity can be induced. In particular planar molecules, such as some
polychlorinated biphenyls (PCBs) and polycyclic aromatic hydrocarbons (PAHs)
increase the enzyme activity. As a consequence, it is suggested that the activity of
the MFO-system in organisms might be an indicator of the degree of some chemical
contamination. Therefore, the measurement of EROD-activity is recommended to be
done in the framework of several international campaigns dealing with Biological
Effect Monitoring techniques.

The EROD - activity in the liver of dabs, caught in the North Sea at different seasons
and at different sites has been studied by several groups. But comparing the
different results, an inconsistent, non interpretable figure revealed. In this context the
physiology of fishes may play an important role. Indeed, there were already
significant hints that EROD activity per se exhibits a seasonal rhythm depending on
spawning time, i.e. on temperature as well. These reflections ran into a model
describing the temperature dependence of EROD activity (1).
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The following prerequesites were made for the model:
1. The gonadal maturation of dab from different regions in the North Sea starts in
September.
2. The duration of the gonadal maturation depends on a specific temperature
amount expressed as month degrees (mo x C ), the mean watertemperature during
the gonadal maturation multiplied by the time, i.e.the integral of the temperature.
3. The seasonal variation of EROD-activity in dab is coupled with the gonadal
maturation and thus the time of EROD-peak varies regionally according to the shift
in the spawninig time, which is different in the whole North Sea due to the
temperature regime in it.

In order to test this model, i.e. the natural annual fluctuation of the enzyme, we took
a complete annual survey of EROD activity in 1995, 1996 and 1997 with the fishery
research vessel ,,Walther Herwig III". The data obtained have been statistically
evaluated (2). As a result, male and female dabs show a seasonal cycle of EROD
activity. The maximum is higher and earlier (in year) in male than in female dabs.
The strong effect on EROD of temperature points at an integration into physiological
processes (spawning-cycle, hormone-status) of EROD. Now, a discrimination
between natural and anthropogenic effects can be tackled with. If this comes true,
EROD-activity could be a useful biomarker for the Biological Effect Monitoring.

In general, these considerations are valid also for other biomarkers, e.g. those to be
induced in response to radiation. There is known a lot of radiation induced genes
playing a possible role in cellular protection against radiation. Such signal
transduction pathways may be physiologically steered, too. In order to discriminate
between natural and anthropogenic effects it is necessary to have knowledge about
natural fluctuations of the respective biomarkers. This should be discussed in more
detail.
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Uptake and metabolism of 14C-chIorpyrifos by marine bivalves*
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1). School of Life Sciences, Zhongshan University, Guangzhou 510275, People's Republic of China

2). International Atomic Energy Agency, Marine Environment Laboratory, Monaco

The uptake and metabolism of uC-chlorpyrifos by two marine bivalves, Paphia undulata and
Sinonovacula constricta, were studied in a simulated ecosystem. The experiments were carried out in
two 30 L glass tanks containing each 20 L of filtered sea water, contaminated with '"C-chiorpyrifos
1.85xlO4Bq.L"' (16.7 ug L'1 ) at the beginning of the exposure period. Al different time intervals,
three specimens of each species were sampled for analysis of the pesticide in the mollusc's tissues.
The 14C-chlorpyrifos residues were extracted from the digestive gland of the molluscs and analyzed by
co-chromatography with pesticide standards by TLC methods described before1'1.
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Fig 1. Uptake of I4C-chlorpyrifos by organs of Paphia undulata
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Fig 2. Uptake of 14C-chJorpyrifos by organs oiSinonovacula constricta

The results showed that the uptake kinetics of chlorpyrifos was different in the two species
(Fig 1 and Fig 2). In Paphia undulata, the siphon reached the maximum uptake of the pesticide
on the 1st day and declined afterwords, the maximum concentration in the gills was attained after
only 4 hours exposure and remained nearly at the same level after that, and concentrations in the
adductor muscle and foot were nearly constant from day 1 to day 10. It was notable that the digestive
gland of Paphia undulata continuously accumulated the pesticide during the period of exposure. The
concentration of chlorpyrifos in this organ on the 10th day was about 10 fold higher than on the 1st
day. At the end of the experiment the concentrations of chlorpyrifos in the tissues were by descendant
order: digestive gland > mantle > gill > adductor > siphon > and foot.

The initial uptake of uC-chlorpyrifos by Sinonovacula constricta was higher than by P. undulata
but, unlike the later, that bivalve did not retain the pesticide for long time. The peaks of maximum
concentrations were observed in almost all the organs after 2 days of exposure, and declined
significantly afterwords, approaching the same levels as in P. Undulata. On the 10th day, the
concentrations of chlorpyrifos in the tissues were by decreasing order: digestive gland> gill> siphon>
foot> mantle > shell (Table 1).
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Table 1. Content of chlorpyrifos and concentration factors in the bivalves

Organs

Shell

Siphon

Foot

Adductor

Mantle

Gill

Digestive Gland

Paphia undulata

1 day

A/Bq.g'

4808

1492

1099

3264

3370

3418

CF

390

121

89

265

273

111

10 day

A/Bq.g1

1229

691

1443

2698

1474

32067

CF

293

217

283

766

376

3380

Sinonovacula constricta

lday

A/Bq.g1

152

468

4987

4199

10472

9204

CF

12

38

404

340

849

746

10 day

A/Bq.g1

263

1371

1352

1166

4000

6118

CF

43

453

401

433

1286

1882

Analysis of the pesticide extracted from the digestive glands revealed that both bivalves lack the
mechanisms to rapidly degrade chlorpyrifos. As shown in Table 2, the parent chlorpyrifos compound
accounted for 92%~99.8% of the extractable MC-compounds in Paphia undulata and to 92%~99.6%
in Sinonovacula constricta. The metabolites of chlorpyrifos, tri-chloro-pyridinol (TCP) and
unidentified polar compound(s) remaining at the application point on the TLC plate, were present in
negligible amounts. In previous experimental research with fresh water organisms, high TCP amounts
were detected in the liver of a fish after 4 hours of exposure to chlorpyrifos dissolved in the water.
However the amounts of TCP in the tissues of a freshwater clam {Corbicula Jluminea) were also
negligible'21, suggesting that, in general, molluscs have reduced capability to metabolise chlorpyrifos
in comparison with fish. These results indicate that in the environment, molluscs may accumulate
chlorpyrifos from water to very high concentrations with minor chemical degradation of the pesticide.

Table 2 Metabolism of chlorpyrifos
Animals

Paphia undulata

Sinonovacula constricta

Residues

Chlorpyrifos (%)

TCP (%)

Unknown (%)

Chlorpyrifos (%)

TCP(%)

Unknown (%)

4 h

95.21

1.38

3.41

95.12

2.44

2.44

Iday

96.26

0.44

3.30

99.01

0.99

0

by the bivalves
2 day

97.59

0.08

2.32

99.05

0

0.95

6 day

99.78

0.07

0.15

91.70

0.76

7.54

10 day

92.68

2.32

5.00

99.62

0.13

0.25

•Suported by International Atomic Energy Agency CRP, Contract No. 7933/MC
"Present address: Amway (China) Cooperation, GuangAou, PR.China
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Zhong C G, Carvalho F P£^Chen SH et al., Studies on the accumulation, distribution, and
degradation of'"C-DDT in marine Tilapia sp.,^4c/a. Set. Nat. Univ. Sunyatseni, 1997, 36(suppl
2):52~57
2. Zhong C-G, Chen SH, Zhao X-K, Uptake and metabolism of 14C-chlorpyrifos by fresh water
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SEDIMENT ACCUMULATION RATES AND POLLUTION HISTORY

IN THE SEA OF MARMARA

E. Giingor*, N. Giingor*, O. Algan", M. N. Cagatay", S. Orhon" N. Belkis", E.

Sari"

* Cekmece Nuclear Research and Training Center, Istanbul, Turkey.

••Institute of Marine Sciences and Management, Vefa, 34470,Istanbul, Turkey.

The 210Pb geochronology was used to determine the sediment accumulation rates in

order to provide a historical record of heavy metal contamination. The Sea of Marmara is

an intercontinental basin, having a 32 km wide southern shelf and alO km wide northern

shelf with intervening -1250 m deep basins in between ( Figure 1). It is connected to the

Mediterranean Sea by Dardanelles Strait and to the Black Seas via the Bosphorus Straits.

The surrounding regions are heavily polluted and industrialized. The southern shelf receives

large riverine inputs of water and sediment.
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Figure 1 : Locations of the gravity cores

Sediment from 4 stations were collected using a gravity corer. Two cores were

collected on the Istanbul Strait ,one at the north entrance (Black Sea) and the other at the

Marmara Sea entrance . Two cores were collected in the Marmara Sea, one on the northern

shelf and the other in the southern shelf. Each core was sliced every 2 cm intervals, each

section of sediment was freeze dried and analyzed for 2l0Pb activity. 2I0Pb was assayed by
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measuring the 210Po which was determined by alpha spectroscopy using a silicon surface

barrier dedector after a wet extraction of sediment sample using a HNO3+HCIO4+HF acid

mixture. Heavy metals (Cu, Pb, Zn, Fe and Mn) were analyzed by atomic absorption

spectrometry after total digestion.

In general, metal concentration along the cores taken from the Sea of Marmara are

within the range of the shale average abundance of these elements. Only Pb concentration

values were higher than the average metal contents in the region .particularly in the northern

shelf (Station .3) and the strait of Istanbul entrance(Station.2).

In the northern shelf, Fe (2 to 4%; total dry weight) and Mn concentrations

(ranged from 243 to 555 ppm) are slightly lower than those in southern shelf

(Station.4; 3 to 8 % and 725 to 3415 ppm, respectively ). The cores taken from both

entrances (Black Sea; Station. 1 and Sea of Marmara;Station.2) of the Strait of Istanbul

have Fe concentrations in the range from 1.4 to 3% and Mn ranging from 200 to 389

ppm. Cu and Pb concentrations were similar on surface sediment at Station 3 and 4.

Values of 10-28 ppm for Cu were measured in these sediments and values of 12-40

ppm for Pb. Zn concentration profile of the core taken from station 4 ranges from 90

to 135 ppm, whereas at station 3 is 47 to 79 ppm . Pb, Cu and Zn concentration

profiles decrease with depth until circa 30 cm. This pattern may imply recent

(decades) anthropogenic input to Marmara Sea from surrounding areas.

Figure 1 : Locations of the gravity cores.
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NUMERICAL MODELING OF DISPERSION OF POLLUTANTS IN THE COASTAL
ZONE OF THE WESTERN BLACK SEA

G. MUNGOV
National Institute of Meteorology and Hydrology (NIMH), Sofia, Bulgaria

During the last years in NIMH numerical models were used for forecasting the
wind waves and storm surges in the Western Black Sea. The recent development in this
field includes a numerical model for computation the dispersion of pollutants in the coastal
zone including radionuclides as specific conservative tracers, and adaptation for the
specific conditions for the Black Sea the oil-spill model of Meteo-France.

The transport velocity fields for the both models are obtained in combination
between the climatological currents and the wind driven circulation derived with two
dimensional nonlinear barothropic model for the upper dynamic layer of the Black Sea.
The advection-diffusion model for the dispersion of pollutants is based on the numerical
scheme of Takacs (1985).

The test runs for different possible sources of pollutants in the Western Black Sea
indicated the great vulnerability of the Bulgarian coast due to the specific features of the
circulation over the Western shelf and the along shore currents.
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THE EFFECTS OF THE LAND-BASED POLLUTANTS

ON THE POLLUTION OF THE BLACK SEA, TURKEY

Yuksel Oman, Gulfem Bakan, Hanife Buyukgungdr

Ondokuz Mayis University, Department of Environment Engineering, 55139, Kurupelit-

Samsun, Turkey.

With the co-ordination of Ministry of Environment Ondokuz Mayis University,

Environmental Problems Research Centre carried out the National GEF Programme for

Environmental Management and Protection of the Black Sea Land-Based Pollution

Routine Monitoring Projects. The Black Sea were polluted mainly by the land-based

pollutants. Being lack of sanitary sewers, in addition most of the sanitary and industrial

wastewater has been discharged into the sea and river which carrying pollution to the

sea. At the beginning of the project, an inventory study of land-based sources of

pollution at the coastal of Black Sea Region of Turkey were determined and evaluated.

According to these data, pollution monitoring samples stations were selected as 33

sampling points. The aim of this study is to evaluate the pollution loads such as

chemical oxygen demand (COD) and biological oxygen demand (BOD) and to

determine the effects to the Black Sea of Turkey. BOD and COD parameters were

analysed seasonally (4 times in a year) and the pollution level through the Black Sea

Coast and their total load receiving to the Black Sea were evaluated.
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TECHNOGENIC AND NATURAL RADIONUCLIDES

IN BLACK SEA SEDIMENTS AND ALGAE

A. Strezov, T. Stoilova, N. Petkov, M. Hristoskova
Bulgarian Academy of Sciences

Institute for Nuclear Research and Nuclear Energy
Sofia 1784 , blvd. Tzarigradso shosse 72

Technogenic and natural radionuclides have been monitored
systematically since 1991 in marine samples from the whole Bulgarian Black
sea coast at depth 15- 20 meters below the sea level and at distance up to
2000 m from the shore line. The sampling of sea bed sediments and algae
was carried out seasonly and the samples taken from 35 locations including
the main Black Sea resorts, main cities and rivers, were measured by low
level gamma spectroscopy using. HPGe detector (Ortec type) with 35 %
counting efficiency.

The results for technogenic nuclides in Bulgarian shelf sediment
samples are: 137Cs (47-111 Bq/kg), 134Cs (20 - 56 Bq/kg). It is found that
radionuclide concentrations strongly depend on the nature of the sea bed
sediments, because the data for sand sediments are within a close range,
while for clay and slime ones are higher and vary to a much greater extent.
The data for radionuclide concentrations measured at the main Bulgarian
Black Sea resorts, where the nature of the sediments is predominantly sand,
are within a close range: 137Cs - (2.4 - 9.6) which clearly shows that Cs is
poorly accumulated in such sediments.

The highest measured caesium content on the Bulgarian Black Sea
coast is at the north locations with slime sediments. This is valid also for
other sites with slime sediments are no evident systematic dependence could
be estimated except the "spot" character of Cs content.

134Cs/137Cs ratios were calculated and it can be concluded that on the
average 72 % of the measured 137Cs is from Chernobyl origin and the rest
due to nuclear tests.

The radionuclide content in samples taken from river estuaries at the
Black Sea and river locations close to the estuaries was determined. Slime
river sediments contain higher Cs concentration (20 - 30 Bq/kg) then the
sand sediments in the sea but lower than the sea slime ones. The data show
clearly that river Cs is lower than the one in the estuary meaning that Cs is
transported via sea currents rather than by the river waters.

The content of nuclides measured in the sea water taken together with
the sediment samples showed mainly 137Cs in the range from 0.1 (LLD) to
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0.3 Bq/1 with the exception of several locations in spring 1992 where 137Cs
concentrations from 0.7 -1.6 Bq/1 were detected.

The observed dependence of radionuclide content on sediment type
is valid also for the natural nuclides - in sand sediments the nuclides
content in different seasons is considerably low and in a narrow range:
238U (4-18) Bq/kg, ^ T h (4.2 - 10) Bq/kg, 226Ra (5.8 - 24) Bq/kg.

The highest values for natural nuclides content (similarly to Cs) are
obtained for the slime sediments - the obtained results for 238U vary in
different seasons from 10-40 Bq/kg, 232Th - (5 - 42 Bq/kg), 226Ra - (9 -
38 Bq/kg). The obtained data for all measured natural radionuclides in
sand sediments show considerably small seasonal variations and no
geographical dependence. For the other types of sediments in some cases
the variations are greater but no systematic dependence can be estimated.
The 238U, 232Th and 226Ra concentrations determined in the sediments
correspond to those cited in the literature for natural levels, so no
additional anthropogenic contamination is estimated.

232Th/238U activity ratios were calculated for the sea sediments samples
and the values vary in the range 0.75 - 1.0, independent of the sediment type
showing that 232Th is less abundant than 238U on our Black Sea coast.

Our data show that the 238U and 226Ra values are close at most of the
locations - 226Ra/238U activity ratio (mean value) for sand and sandy
sediments is in the range 0.55 - 0.85, meaning 226Ra deficit while the values
for 226Ra/238U ratios in slime and silt sediments are close to equilibrium.

The levels technogenic and natural nuclides were determined in eight
species of macroalgae from four locations (four green: Cladofora
Laetevirens, Ulva rigida, Enteromorpha Intestinalis and; two brown:
Cystoseira Crinita and Cystoseira Barbata; two red: Ceramium rubrum
and Corallina Mediterranium), widely distributed along the Bulgarian
coastal zone.

The obtained range for 137Cs is 1.7 - 26 Bq/kg with exception of one
species of 58 Bq/kg. The content of most of the natural radionuclides is
close to LLD limit while in the species Bryopsis Plumosa 226Ra and 210Pb
from uranium series and 232Th concentrations are with two orders of
magnitude higher.

The correlations between the radionuclides in the sediments and
algae are evaluated.
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TRACE ELEMENTS AND 137Cs IN MACROALGAE AND MUSSEL FROM THE
KILYOS IN BLACK SEA

S.TOPCUOGLU, N. ESEN, E. EGILLI, N. GtJNGOR, D. KUT
Cekmece Nuclear Research & Training Center, P.O. Box 55 Sefakfiy, istanbul.Turkey

Some papers have been previously published concerning trace element and
radioactivity levels in macroalgae and radioactivity in mussel samples collected from the
Black Sea region of Turkey [1-4]. However, no data on trace element levels in mussels
from the Turkish Coast of Black Sea have yet been published in the scientific literature. At
the same time, there was not reported any result on trace element and radioactivity
concentrations in the biomonitor organisms collected from Kilyos. On the other hand, an
investigation has been carried out on trace element and radioactivity levels in sediment
samples from Kilyos [5]. Kilyos region is on the main route between the western Black Sea
and Bosphorus which is heavily polluted by the riverin discharges (Fig.l). We report here
the results obtained on the concentrations of trace element (As, Se, Zn, Cr, Cs, Co, Sb, Fe,
Br, K) and 137Cs radionuclide in macroalgae and mussel samples collected from Kilyos.

FIG. 1. Sampling site at the Black Sea region

Enteramorpha lima (green), Cystoseria barbata (brown) and Ceramium rubrum
(red) macroalgae and Mytilus galloprovincialis (mussel) species were collected from
Kilyos. The macroalgae samples firstly were washed with clean sea water and then with tap
and distilled water. Afterwards they were dried at 85° (to constant weight). The similar sized
mussels were dissected and soft parts were removed for analyses. The soft tissues were
pooled and freeze-dried for several d,ays to the constant weight.

Trace element analyses were carried out by instrumental neutron activation analysis
technique. About 0.2 g macroalgae and mussel samples were placed in 1 cm3 polyethylene
tube and irradiated for 4 hours at a thermal neutron flux of about 2* 10l3ncmV in the TR-2
Reactor of the CNAEM. IAEA's CRM SL-1 was used as standard. The other analytical
details are described earlier [2].

The sample powders (about 100 g) were pressed by hand into special counting vials
for l37Cs analyses. Cs radioactivity determination was similar to that previously described
[4].

Trace element and 137Cs concentrations are given in Table 1. The highest amount of
As was found in brown algae C.barbata. In contrast, the Cr and Co concentrations were
lower in the same species than those in the other algae and mussel species . The Se levels in
the macroalgae samples were found below the detection limit. On the other hand , Se
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concentration in mussel tissue was found to be 13.6 ug g'1. At the same time, Zn content in
mussel sample is higher than those the macroalgae species. As a result, the highest
concentrations of the trace elements found in algae and species were as folbws: Zn and Cr
in E.linza, As in C.barbata and Co and Br in C.rubrum. The As, Zn and Cr concentrations
of the samples except C.barbata, were higher than the sediment results collected from the
same site [5].

Table 1. Trace element (jag g"1) and radioactivity (Bq kg'1) concentrations in 1993.

E. linza C. barbata C. rubrum M. galloprovincialis
As 8.3 ±2.1 49.7 ±7.2 7.2 ±3.9
Se <0.3 <0.3 <0.3
Zn 107.1 ±7.1 49.1 ±8.6 69.9 ±10.4
Cr 40.2 ±4.3 2.1 ±1.4 24.713.2
Cs 0.8810.33 <0.1 1.1810.44
Co 3.92 ±0.27 1.16 ±0.15 6.08 ±0.38
Sb 0.25 ±0.08 <0.03 0.2710.08
Fe 63901181 411191 64521181
Br 2961116 164163 5979 + 2283
K% 1.6010.12 1.2610.20 0.4710.13

137Cs 3.7510.15 9.8010.18 2.5310.23

8.11
13.61

314.21
26.41

5.511
<0.

39671
4221
0.981

7.301

3.5
4.0
30.0
4.7

0.47
03
244
162
0.22

6.90

The 137Cs activities in the present study are higher than the values for the same
macroalgae species collected from the Sinop region at the same date [3]. The differences
between the activities from the two sites were not due to Chernobyl fallout. In a previous
study [1], it was indicated that western Black Sea region was much less contaminated than
the eastern Black Sea.

In conclusion, we consider that the gradually increasing trace element and
radionuclide pollution in Kilyos region at the Turkish Black Sea coast is the result of
increasing concentrations of the pollutants in riverin discharges into the western Black Sea,
especially Danube River.
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MODELLING OF MIGRATION OF RADIONUCLIDES AND TRACE ELEMENTS
BETWEEN THE COMPONENTS OF THE BLACK SEA ECOSYSTEMS

V.N. EGOROV
Institute of Biology of the Southern Seas, National Acad, Sci. of the Ukraine (IBSS)
Sevastopol, Ukraine

As it is known, forecasting evaluation of the levels of hydrobionts and waters
radioactive and chemical pollution, received with the help of mathematical models
can be objective only when the structure and parametric base of the models depict
with enough level of adequacy mechanisms of interaction under studies. Here an
objective complexity of the model must correspond to the time and space scales, in
which dynamic characteristics of the studied processes reveal themselves. This report
considers peculiarities of the mathematical description of radionuclides migration
between water environment and biotic and abiotic components of the Black Sea
ecosystems at different periods of averaging, from the time scale of metabolic
processes, taking place in hydrobionts, to the large-scale description of radionuclides
migration in the Black Sea.

It is shown that kinetic peculiarities of radioisotope and mineral exchange in
hydrobionts at the time scale of metabolic processes are described with sufficient level
of adequacy by the equations, depicting zero and the first order of metabolic reactions.
When radionuclide (tracing element) is absorbed directly from water medium and
from food, kinetic of change in its countent in hydrobiont's exchange fund is
described correspondingly by equations:

g C g t p + B'); (1)

dCg/dt = R(C fq-Cgq f)-CgP, (2)

where: Cv, Cg and Q - concentration of radionuclide (or tracer element) in
water, hydrobiont and its food correspondingly, Kc and p - stationary meaning of
accumulation coefficient and index of the rate of radionuclide (element) exchange by
hydrobiont, R and B' - ration and specific rate of hydrobionts specimens growth, q
and qf - level of food digestion and level of radionuclide uptake from the food,
correspondingly, t - time.

According to the results of comparison of modelling data and experiments with
radioactive marking it was stated that Kc value can depend on physical-chemical form
of radionuclide, on the content of its isotope and non-isotope carriers in water
environment, corresponding to Lengmur and Michaelis-Menten equations, and on size
characteristics of hydrobiont specimen as well. It is shown, that equations of (1) type,
written separately for reflection of the processes of physical and chemical sorption can
be used for evaluation and forecasting the levels of 137Cs concentrating by the Black
Sea bottom sediments under changes of this radionuclide content in water
environment.

Concentration and transfer of radionuclides by hydrobionts at the scale of the
season and year ways of biogeochemical processes was considered on the examples of
models creation according to the data of the Sevastopol bays radioecological
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monitoring and to the mathematical description of the flow of biosedimentational self-
purification of the Black Sea photic layer, as a result of functioning of pelagic
ecosystem in its Western halistatic zone .According to the data of mathematical
description of the results of measurements of 90Sr and 137Cs concentration changes in
the Sevastopol bays algae after Chernobul accident it was revealed, that the laws of
changes in these radioisotopes content in algae were sufficiently described by (1) type
equations. With this dynamics of the system «radionuclide in marine environment -
hydrobiont» was determined only by the change in 90Sr and 137Cs contents in marine
environment.

When studying water biosedimentativ self-purification, two-measure ecosystem
model «phytoplankton - bacteria - zooplankton - dissolved organic matter - suspended
organic matter in the photic layer of marine environment)) was locked by balance in
organic matter, biogenic element and water pollutant, which could attain the surface
layer of the sea. Concentration of radionuclides (or tracing elements) by hydrobionts,
and transfer of pollutions with trophic chains were descried by (1) and (2) types
equations. Stability of calculative scheme for model realization was studied, its
hydrological, hydrochemical and biotic parameters verification was fulfilled according
to the results of the scientific cruises works in the region of the Black Sea western
halistatic zone. The analysis of numerical solutions on the model has shown, that
dynamics of the system as for pollutants was determined by the content concentrating
function of hydrobionts relatively to pollutants and by correlation between an intensity
of bioproductive and destructive processes in the photic layer ecosystem. It is
established, that relatively to tracing elements it is possible to reach an extreme
biosedimentational self-purification of waters, at which stationarity of the level of
tracing element content in water environment can not be stated, as the flow of its
getting into water environment can not be balanced by the flow of sedimentational
elimination.

We studied peculiarities of modelling the large-scale processes of radionuclides
migration on example of description of 137Cs vertical migration in the upper layers of
the Black Sea after Chernobyl accident. To reflect an action of the main averaged in
the large-scale time and space imagination, abiotic and biotic factors on migration and
the time of 137Cs availability in the Black Sea the model was locked by water, salinity
and radioisotope balance with consideration of radioactive decay. According of the
model with hydrophysical parameters was carried out by water balance of the sea with
consideration of river discharges, rains over the sea, evaporations and water exchange
through the straits, and considering as well stationarity of the profile of vertical
distribution of salinity. Verification of the model relatively to l37Cs was carried out by
comparison of the results of observations, begining from 1986, of averaged
distribution of this radioisotope in the sea layers from the surface to 500 m depth.
Radiocesium inflow with Dnieper and Danube and biosedimentational self-
purification of water also were taken into account. Model studies have shown that the
process of vertical water mixture is the main important factor of 137Cs vertical
migration in the Black Sea. It was revealed, that as a result of common effect of
hydrophisical processes, transfer through the straits and sedimentational depositing in
the bottom sediments, the time of 137Cs availability in the Black Sea makes about 70-
80 years, which is two times less than average time of existance of this isotope atoms.
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ABOUT AN ABNORMALLY LARGE INVENTORY OF STRONTIUM-90 IN THE BLACK SEA,
REVEALED BY INVESTIGATIONS CARRIED OUT IN 1977

V.B. CHUMICHEV, A.I. NIKITIN, S.M. VAKULOVSKY, V.N. SHKURO
Scientific & Production Association "Typhoon" of the Russian Federal Service of Hydrometeorology and
Monitoring of the Natural Environment (SPA "Typhoon" of Roshydromet), Obninsk, Russia

Based on our investigations carrieid out in 1977, the inventories of l37Cs and 3H in the
Black Sea were estimated at 1.6 x 1015 Bq and 4.4 x 1017 Bq, respectively, including the content
of 137Cs in bottom sediments equal to 0.19 x 1015 Bq [1]. The inventory of 137Cs under the unit
area of the sea surface was 3626 Bq/m2 (98 mCi/km2), which agreed with its inventory in soils
of this latitudinal zone equal to 3700 Bq/m2 (100 mCi/km2) [2].

This paper presents our estimates of the 90Sr inventory in the Black Sea in 1977, which was
found to be equal to 1.45 x 1015 Bq in the water of the sea. The inventory of 90Sr in the water
of the Black sea was estimated on the basis of the analysis of 24 samples taken from the
surface, 9 samples taken at a depth of 100 m, 10 samples taken at a depth of 300 m, 10 samples
taken at a depth of 500 m, 7 samples taken at a depth of 1000 m, and 5 samples taken at a
depth of 2000 m. The 90Sr inventory was determined in layers by multiplying the average
concentration of 90Sr in the layer by the water volume in this layer. The average concentration
of 90Sr in the layer was taken to be equal to the half-sum of the average concentrations at the
boundaries of the layer. The calculated results are given in the table, from which it is seen that
83 % of 90Sr is in the 0-300 m layer.

Table
The inventory of 90Sr in the water of the Black sea in 1977

Water layer
m

0-100
100-300
300-500

500-1000
1000-1500
1500-2000

Total

Water volume,
103knv>

37
62
60
141
127
114
541

Average
concentration, Bq/m3

19.05
8.05
0.97
0.65
0.45
0.36

Inventory,
lO'-'Bq

7.05
5.0

0.58
0.92
0.57
0.41
14.53

(39.27 x 103 Ci)

Contribution to the
total inventory,

%
48.52
34.41
3.99
6.33
3.92
2.82
99.99

The inventory of 90Sr under the unit area of the sea surface was 3435 Bq/m2 (93 mCi/km2).
The comparison of this value with our data on the accumulation of 90Sr in soil in the territory
of the former Soviet Union [3], with allowance for latitudinal variations, indicated that the
inventory of 90Sr under the unit area of the sea surface was greater than the accumulated
amount of 90Sr on land by a factor of 2.1.

Using the available data on the concentrations of 90Sr in rivers flowing into the Black Sea,
we estimated the intake of 90Sr with the river runoff. During the period from the beginning of
nuclear weapon tests to 1977, the intake of 90Sr with the river waters to the Black Sea was 2.27
x 10l4Bq, i.e. about 15.6 % of the 90Sr inventory in the sea water.

Using the data on the 90Sr fallout to the water surface of the Sea of Azov and on the intake
of 90Sr with the river runoff to this sea, we estimated the intake of 90Sr to the Black Sea from
the Sea of Azov at 0.74 x 1014Bq, which was 5.1 % of the 90Sr inventory in the sea water.

According to our estimates, the intake of 90Sr to the Sea of Marmora from the Black Sea
during the period from the beginning of nuclear weapon tests to 1977 was 0.72 x 1014Bq, i.e.
5.0 % of the 90Sr inventory in the Black Sea. The content of 90Sr in bottom sediments of the
Black Sea was less than 1 % of its inventory in water [4].
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Our estimation of the constituents of the 90Sr balance in the Black Sea indicates that the
intake of 90Sr to the Sea of Marmora is compensated for by its intake from the Sea of Azov.
The inventory of 90Sr in the Black Sea, minus its intake with the runoff of the rivers flowing
into the sea, was 12.26 x 1014Bq. This amounted to 2900 Bq/m2 (78 mCi/km2) under the unit
area of the sea surface and was greater than the accumulated amount of 90Sr on land by a
factor of 1.8.

The indicated disagreement cannot be attributed to errors in the determination of 90Sr
concentrations in water samples and consequently its inventory in individual layers. The
assumption that the intensity of radioactive fallout to the water surface of the sea is higher
than that on land is most probably groundless. On the one hand, we have found that the
inventory of 90Sr under the unit area of the water surface of the Aral, Baltic and Caspian seas
agrees with the 90Sr inventory on the surrounding land. However, since the amount of
atmospheric precipitation over the Black Sea is greater than that over the Crimean peninsular
by a factor of 1.8, the authors of [5] considered it possible to use this factor in their
calculations in order to determine the inventory of 90Sr in the Black Sea in 1964. On the other
hand, as mentioned above, the inventory of 137Cs under the unit area of the water surface of
the Black Sea in 1977agrees with the inventory of 137Cs in soils of this latitudinal zone. The
final assumption is that it is the intake to the Black Sea of 90Sr of non-global origin which is
responsible for the excessive inventory of 90Sr under the unit area of the water surface of the
Black Sea, as compared to the surrounding land. We consider that an international study of
the Black Sea radioactive contamination should be arranged to solve the question about the
source of an abnormally large inventory of strontium-90 in this sea.
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TECHNOLOGICAL CHANGES OF THE RADIOLOGICAL BACKGROUND OF
THE GEORGIAN PART OF THE BLACK SEA

M. AVTANDILASHVILI, A. BURCHULADZE, S. PAGAVA, Z. ROBAKIDZE,
V. RUSETSK1, G. TOGONIDZE

I. Javakhishvili Tbilisi State University, Tbilisi, Georgia

Within the framework of the IAEA project RER/2/003 "Marine Environmental
Assessment of the Black Sea Region" of which one of the aims is to investigate the
effects of the Chernobyl accident on the aquatic environment of the Black Sea region,
preliminary results have been reported for the Batumi region. It is planned to extend
the area of investigation to the whole of the Georgian area of the region.

A new method of sorption of radionuclides (l37Cs, 90Sr) from seawater
samples was elaborated using natural zeolite (clinoptilolite) which is commonly found
in Georgia.

The given method allows to obtain a 20-40 g mass zeolite sample containing
fully sorbed l37Cs from 60-100 litres of water in a shorter time than by using usual
methods. The better counting geometry (cf 50-100 ml water sample) increases
counting efficiency by 10-15%.

The figure shows the results of measuring zeolite samples (5g dry mass) after
interaction with water (3 Bq/1 of 137Cs) and salinity 15 g/1. Water is passed
simultaneously through four columns of dehydrated zeolite of equal length. The
measurements confirmed the complete sorption of' 7Cs.

on

Investigations of Sr sorption are presently being carried out.

[1] G. G. Polikarpov et al. Radioactive pollution of the Black Sea water. In:
Applied Ecology of sea regions. The Black Sea "Naukova dumka", Kiev, 1990, pp.
46-45.

[2] G. V. Tsitsishvili. Physical-chemical properties and fields of utilization of natural
zeolites. Natural zeolites, "Metsniereba", Tbilisi, 1979, pp. 37-47.

[3] G. D. Gradev, L.V. Golubtsov, N. V. Milanov. Sorption of Strontium on Calcium
clinoptilolite. Natural zeolites, "Metsniereba", Tbilisi, 1979, pp. 135-141
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POLLUTION OF THE CASPIAN SEA : CARBONATE SEDIMENTATION
AS A MECHANISM OF SELF-PURIFICATION

V.I. Ferronsky
Water Problems Institute of the Russian Academy of Sciences
Moscow, Russia

V.A.Polyakov
Research Institute of Hydrogeology and Engineering Geology
Moscow, Russia

A.L.Lobov
State Oceanographic Institute
Moscow, Russia

Being a closed basin, the Caspian Sea in its waterbody has to accumulate all the dissolved and
suspended components discharged by the river runoff. During the current century because of
anthropogenic pollution the river waters and their solid loads are enriched with heavy metals,
organic and non-organic chemicals and in addition, since 50th, with technogenic radionuclides
(l37Cs, 90Sr, 239-240pu and others), which come with fallouts and river discharge from nuclear
industries and nuclear power stations located in the river basins. Oil and its products are also
substantial component of the sea pollutants especially since the last decades when the process
of exploration and exploitation of new oil fields has intensified.

However, direct measurements and pollution monitoring of all the above pollutants in the sea
water evidence, that the ecological situation in the Caspian Sea water basin is satisfactory.
Some exceptions from that general picture occure over river mouth areas , near coastal zones
of the cities and within the north-east shallow region of the sea. Within the northern, central
and southern basins of the Caspian Sea the content of heavy metals (Zn, Cd, PI and others) in
water does not exeed 2-10 jj.g/1. These values somewhat increase in northern part of the sea
within the river and sea water mixing zone. Volumetric activity of the anthropogenic
radionuclides varies around the ranges of (Bk/m3): 3-10 for 90Sr, 4-7 for 137Cs and 4 10"3

- 2 10'2 for 239' 240Pu. Concentration of water dissolved forms of oil products in open sea
water also does not exceed permissible level for fishery reservoirs. So, inspite of its closed
location Caspian Sea water system demonstrates ability to self-purification. This is first of all
because of absorption of the contaminants by a renewable sorbent, namely, by the chemogenic
calcium carbonates.

Precipitation of calcium carbonates in the form of carbonaceous silt is resulted due to
evaporative concentration of salts in the surface water layer during warm seasons and also
within the river and sea mixing zones, where about 5 107 tonns per year of carbonaceous salts
precipitate. It is known that heavy metals and dissolved forms of heavy hydrocarbons are well
absorbed ( Kd>500) by carbonaceous sediments . In this connection concentration of heavy
metals in the carbonaceous silt within the Central and Southern Caspian Sea reaches up to (4-
10)10"3% (Cu, Pb)and from 0.2 to 4.0% of organic carbon. Microbiological destruction of
organic compaunds with production of the volatile compopents like methan and carbon dioxide
occures in the bottom sediments. Zoo- and phytoplancton plays significant role in self-
purification of the Caspian waters. The microorganismes absorb from water whide range of
elements including N, P, Cd, Fe, Cr, and others. After the microorganism died the absorbed
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elements proceed to the carbonaceous sediments and followed by diagenetic transfortation.
Sulfate minerals are formed in a favorable conditions due to the sulfatereduction process.

Analysis of bottom sediment cores, taken from the central and southern parts of the sea at the
depth of 10 to 800 m, shows that the above described process is recorded in detales in the
sediments. Well preserved lanination of the core structure with regular hydrotroilite layers of 1
to 5 mm thicknes is typical for all the Caspian sediments . The observed picture demonstrates
that the organic and non-organic contaminants are continuously disposed together and by the
precipitated carbonaceous sediments. The natural mechanism of the contaminent bureal
provide exellent survice and security of the sea leaving biota with respect to keep its
satisfactory ecological equilibrium state. But the situation needs to be under man's control.
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DAMAGE TO THE TESTES OF A MARINE FISH, THE PLAICE [PLEURONECTES
PLATESSA), INDUCED BY CHRONIC EXPOSURE TO LOW DOSE RATE RADIATION
J. F. Knowles
The Centre for Environment, Fisheries and Aquaculture Science, Lowestoft Laboratory,
Pakefield Road, Lowestoft, Suffolk, NR 33 OHT UK

Although most authorised disposals of liquid radioactive waste are to the sea, effects of
chronic radiation exposure on reproductive endpoints in a marine fish have not so far been
investigated. For this reason we have carried out a series of experiments into effects of
chronic radiaton exposure on plaice, a commercially important marine food species which
spends much of its life in contact with sea bed sediments where exposure from radioactive
contaminants have been shown to be highest.

In an initial experiment we found that exposure to continuous y-radiation at dose rates of 2.4
mGy h'1, 1.3 mGy h'1 or 0 mGy h"1 (controls) for a period of about 5 months gave rise to dose-
rate dependent reductions in testis weights which were significant even after the lowest dose
rate of 1.3 mGy h'1. In these fish, which were killed just prior to spawning, histometric analysis
of sections showed that the decrease in testis weight was mainly due to significant reductions
in sperm. However, it was not possible to ascertain whether direct effects on sperm or
damage to earlier stages of spermatogenic development were responsible. The change did
not appear to be due to effects on sex hormones as radioimmunoassay of blood samples for
the main plaice sex hormones revealed no significant differences between irradiated and
control fish.
Two further experiments have now been carried out in which male plaice were exposed to
dose rates as low as 0.24mGy h"1. In groups exposed to 1.02mGy h'1, 0.51mGy h'1, 0.24mGy
h"1 or 0 mGy h'1 there was a dose-rate-dependent decrease in testis weight. The testis
weights in all irradiated groups were significantly lower than in controls, even in the lowest
0.24mGy h'1 dose rate group. Even at this relatively 'ow dose rate the reduction in testis
weight relative to controls was approximately 50%. As in the initial experiment the fish were
killed just prior to spawning and the reduction in testis weight was mainly due to reductions in
amounts of sperm. In the other, similar experiment the dose rates were 0, 0.25, 0.5 and
1.1 mGy h'1 and the plaice were killed after only 2.5 months at a time much earlier in the
reproductive cycle when the main germinal tissue present was spermatagonia rather than
sperm. There were no significant radiation effects on testis weight at this time but histometrical
analysis showed that the proportion of testis occupied by spermatogonia was significantly
lower than controls in all irradiated groups. This suggests that the radiation-induced
reductions in testis weights observed after longer exposures to similar dose rates might have
been due to damage to spermatagonia. Examination of blood samples from these fish for
genotoxic effects using counts of micronuclei and flow cytometric analysis of nuclear DNA
content failed to show significant radiation effects.
This is the first time a marine fish has been examined in this way and the production of effects
on reproductive tissue in plaice exposed to a dose rate of only 0.24mGy h'1 indicates the
relatively high radiosensitivity of this tissue, higher than has been recorded for other fish and
indicating a sensitivity similar to that in mammalian systems. The dose rate of 0.24mGy h~1 is
similar to the maximum which was received by a few plaice in the NE Irish Sea off Sellafield in
the past (1968-70, Woodhead, 1973). However at the present time the maximum dose rate to
the gonads of plaice living in this area is 0.6uGy h'1 (Greenwood and Knowles 1995) a factor
of 400x lower.
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ASSESSMENT OF HEAVY METALS POLLUTION IN BOTTOM
SEDIMENTS OF THE ARABIAN GULF AFTER

THE GULF WAR OIL SPILL 1991

#Nasr S.M., *Ahmed M.H., "Frihy O.E., *EI-Raey M. and *"Abdel-Motti A.

*Dept. of Environmental Studies, Institute of Graduate Studies and Research,
Univ. of Alex., Egypt

* 'Coastal Research Institute, Water Research Center, Alexandria
• • 'Faculty of Science, Univ. of Qatar, Qatar

The marine environment of the Arabian Gulf is becoming increasingly important in
fulfilling social, economic, development and strategic objectives of the region. An estimated
6.3 million barrels of crude oil were discharged into the gulf between 19 and 28 January
1991. The Gulf war oil spill 1991 has necessitated major marine environmental studies to
assess the extent of pollution on water, biota, and sediments. Sediments normally provides
useful information in detecting pollution sources in the gulf system (Forstner and Wittman,
1983).

Eighty four surface bottom sediment samples were collected during LEG I of MT.
Mitchell cruse during February 1992, covering the entire Gulf (Fig. 1). The major objective
of this study was to carry out a sequential geochemical extraction scheme for the
partitioning of Fe, Mn, Co, Cu, Zn, Ni, Cr and Pb in the bottom sediments of the Arabian
Gulf to detect any potential pollution impact on the gulf sediments following the 1991 Gulf
war oil spill, and to differentiate between anthropogenic inputs and natural background of
heavy metals.

Each individual sample was treated separately for determining the texture analysis,
total organic carbon content, and total carbonate of the sediment samples. An analytical
procedure in sequential extraction of heavy metals have been used to study the different
extracted phases of trace metals, these phases are exchangeable phase (F1), bound to
carbonate phase (F2), bound to Fe-Mn oxides phase (F3), bound to organic sulphide phase
(F4) and residual phase (F5), (Tessier et al., 1979).

Slightly elevated levels of studied heavy metals were observed in the fine sediments
of the central area of the Gulf which characterized by high organic matter. Carbonates are
regarded as trace metal diluters in the Gulf sediments. Low carbonates sediments in the NW
region are characterized by elevated metal levels. Compared to values observed elsewhere
in other areas of the world and previous levels in the gulf, metal concentrations are at least
an order of magnitude higher than heavily identified polluted areas in some other parts of
the world (Ahmed, 1997).

With respect to the total metal concentrations in bottom sediment of the Arabian
Gulf, the percentage levels of metals in exchangeable phase (F1) were recorded in little
concentrations ranged between (0.1 %) as minimum for iron and (2%) as maximum for Cu
and Ni, with exception to the lead concentrations (5%) which considered the highest metal
concentration in this fraction.

Regarding concentrations which were bound to carbonate phase (F2), Fe, Cr are
lower than their respective detection limit in other phases. The levels of cobalt and zinc
remain low (< 5%) compared to the total metal concentrations, while it represent 8% for
Cu, 11 % for Ni and Mn and 22% for Pb.
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The metals bound to Fe/Mn oxides phase (F3), with exceptional of Ni and Cu, are
relatively high and represent a large fraction of the total non-residual metal concentrations
where, Fe (37.9%), Mn (56%), Co (33%), Zn (53%), Cr (30%) and Pb.{64%). For metals
bound to organic sulphides phase (F4), the levels of metal are once again lower than their
respective detection to the total metal concentrations except for copper, zinc, cobalt and
nickel which represent a significant proportional to the total metal concentration. They
account (25%) for Cu, (31%) for Zn, (32%) for co and (42%) for Ni. The absolute
concentrations for the others could follow the order Cr<Mn<Pb<Fe.

There are some metal concentrations found in the Residual phase (F5), higher than
those observed in any of the preceding extractions. In the case of iron, copper and
chromium, the residual fraction accounts for more than (50%) of total metal concentrations,
in addition to manganese and cobalt, which they account (27%) and (29%) of total metai
concentration in the residual phase, respectively.
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NEUTRON-INDUCED PROMPT GAMMA-RAY ANALYSIS OF GULF MARINE

ENVIRONMENTAL SAMPLES

C. YONEZAWA, H. MATSUE, T. ADACHI, M. HOSHI, E. TACHIKAWA

Japan Atomic Energy Research Institute (JAERI), Tokai-mura, Naka-gun, Ibaraki 319-

1195,Japan

P. P. POVINEC, S. W. FOWLER, M. S. BAXTER

IAEA Marine Environmental Laboratory (IAEA-MEL), P. O. Box 800 MC-98012

MONACO

Elemental analysis of toxic elements in major, minor, or even trace amounts is

essential for solving several environmental pollution problems. Although many

analytical methods can be used for environmental samples, there are only a few non-

destructive analytical methods for light elements. A neutron-induced prompt gamma-

ray analysis (PGA) is characterized by its capability for non-destructive multi-elemental

analysis of the light elements H, B, N, S, P and Si which are difficult to analyze by other

methods, and for analyzing toxic elements such as Cd and Hg. In addition, owing to the

characteristics of non-destructive analyses by PGA and negligibly low residual

radioactivity, the same samples can be further analysed by other methods, and

consequently a large number of elements can be determined. Furthermore, isotopic

analysis can be performed by PGA. Although PGA has the above-mentioned

advantages, previous PGA analyses carried out so far had the disadvantages of low

analytical sensitivity and high detection limits due to the poor beam quality. The

disadvantages have been substantially eliminated by using cold and thermal neutron

guided beams as neutron sources for PGA. A highly sensitive and low gamma-ray

background PGA system using cold and thermal guided neutron beams of 20 MW

reactor JRR-3M has been constructed at the JAERI [1], and basic studies regarding

elemental and isotopic analysis have been carried out [2, 3]. It was demonstrated that

the analytical sensitivities and detection limits of the present PGA system are better than

previous PGA systems due to the use of high quality, low energy neutron beams and a

low background system. Using the PGA system, elemental determination by

comparative standardization has been studied and the accuracy, precision and detection

limits for elements have been evaluated [4, 5]. The present PGA is being applied to the

analysis of marine environment samples collected from the post-war Persian Gulf to

study the oil pollution through collaboration between the JAERI and the IAEA-MEL.
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Multi-element composition and isotopic characteristics of the oil and

contaminated materials, and measurement of historical records of marine environmental

condition using annual bands in coral samples have been investigated in the program.

Elemental analyses have been carried out by the PGA together with INAA and ICP-MS

to obtain accurate and precise elemental characteristics of oil, marine sediment and

bivalves. Fifteen elements including the light elements H, B, N, Si and Ca, which

cannot be measured by INAA and ICP-MS, were determined by the PGA. Altogether

43 elements were determined. Since the PGA was used for the determination of S in

oil, isotopic analysis of S in oil was also carried out. Natural S consists of 4 stable

isotopes; 32S (95.02%), 33S (0.75%), 34S (4.21%) and 36S (0.02%). 32S and 34S have

higher sensitivity in the PGA than the other isotopes. Capability of the PGA for

accurate determination of isotopic ratio was tested by measuring the 32S/34S ratio in oil.

The isotopic ratio of 32S/34S can be obtained with 2% precision by measuring the 5420

and 4639 keV gamma-rays from 32S and 34S, respectively, in the pure S of natural

isotopic composition. However, the measured precision of 32S/34S in the oil samples

ranged from 6 to 28%, due to the insufficient sensitivity of the 34S measurements.

Differences in S/34S ratios among 5 different oil samples could not be detected. In the

measurement of historical records with annual bands of coral, H, B, Na, Cl, Ca, Sr and

Cd can be detected by the PGA in a coral sample (Porites lutia) "heads" collected from

Qaruh Island (Kuwait). From the distribution pattern of the trace elements in the coral

sample, past marine environmental conditions can be evaluated.
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Determination of U7Np in sediments and seawater.

Q.J. CHEN, I. CHRISTENSEN, A. JENSEN, H. DAHLGAARD, S.P. NIELSEN,
A. AARKROG
Rise National Laboratory, DK - 4000 Roskilde, Denmark

A procedure for determination of neptunium in environmental samples is described.
First iron hydroxide precipitation is used for preconcentration of neptunium. Next,
neptunium(IV) and plutonium(III) are separated by triisooctylamine (TIOA)
extraction in 8-10 M HCl with Na2SO3. Neptunium(IV) and uranium(VI) are
separated by back-extracting neptunium into 2M HCl. The neptunium sample is
then purged for Pu(IV), U(VI) and Th(IV) by anion-exchange in 8 M HN03 and
12 M HCl with Na2SO3. Neptunium and uranium are further separated by stripping
neptunium from the anion-exchange column with 6 M HCL plus NH2OH HCl.

Sodium sulfite (NaaSOs) is introduced and proved as a well qualified reducing
agent for the reduction of Np(V,VI) to Np(IV).

The extraction efficiency to TIOA was examined for Np+4 and NpCV1/ NpC>2+2

from various concentrations of HCl. Quantitative extraction to TIOA was obtained
from 8-10 M HCl solutions.

There is no easily available tracer for neptunium analysis. Therefore we used
average chemical yield. For deep soil samples (1 metre) with a known amount of
added M7Np tracer, average yield for the whole procedure was (76.9 ± 9.1)%, n=7.
For 100 L seawater likewise added a known amount of 237Np tracer, the yield was
(73.5 ± 2.9)%, n=2.

Decontamination factors using the described procedure were determined for 232Th
(>4 x 104), ^ U (>5.6 x 104), and 239-240pu (>1 x 104).

Two river sediments from a contaminated site in Russia have been analysed with a-
spectrometry as well as with HR-ICPMS with comparable results. Furthermore,
one of the samples have been analysed with an independent procedure using TIMS
in a US lab. (cf. table). The error in the tabulated data consists of the uncertainty
from the average yield determination estimated to 10% and cc-counting statistics
(-10%) or ICPMS counting statistics (~1%); i.e. the combined error on the a-
spectrometric data is estimated as ~14% and on the MS data as ~10%.

No. (Lab)

Np-920014 (Rise)
Np-920014 (US)

Np-97161O(Ris0)

oc-spectrometry
Bq/kg
0.13

0.13

Mass spectrometry
Bq/kg
0.14
0.12
0.13
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Enhancement of 210Po and 2IyPb Arising from Phosphate
Industry in the Syrian Coast

AJ-Masri, M. S., Mamish, S. and Budeir Y., Department of Radiation
Protection and Nuclear Safety, Atomic Energy Commission of Syria,

Damascus, P. O. Box 6091, SYRIA

Phosphate industry is considered to be one of the potential sources of natural
radionuclide in Syria. Most of the phosphate processed ore is exported in large
quantities via one of the Syrian main ports (Tartous) situated on the east part of the
Mediterranean Sea (34 54 N, 35 52 E). Loading activities into ships have been
carried out for more than 20 years. Dust carrying radioactivity is elevated and
transported to the surroundings; most of the port area is affected. The impact of these
loading activities on the marine environment has been evaluated. Po and other
natural radionuclides in seawater, sediment and marine organisms have been
determined.

Sampling work was executed on the 22 of October 97 where surface sediments
and sea water (50 1), fish and algae samples were collected from different sites inside
and outside the port (Figure 1). The collected samples were measured by gamma
spectrometry using hypurgernianium detectors to determine the gamma emitters while
210Po and 2l0Pb determinations were carried out by the standard methods used in
EML, Monaco.

Mediterranean Sea

Figure 1. Sampling Sites.
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Some of the results of 210Po analysis of sediment, seawater, fish and algae are
shown in Table 1. The highest concentrations were found to be in those samples
collected from inside the port area and this is due to the phosphate loading activities.
The highest 2lllPo concentration in sediment was 162.01 Bq/kg, which is much higher
than those values reported for sediments, collected along the Syrian coast (1).
However, these values are still much lower than those found in other areas in the world
where similar discharges occurred (2,3).

Eleven species offish were collected from the fresh catch sold in the local market
and the location of the catch verified from the fishermen that being collected from
outside the port. 21(lPo was only determined in the edible parts and found to be in the
range of 0.6 Bq/kg fresh to 27.48 Bq/kg fresh with a mean value of 6.3 Bq/kg fresh.

Other naturally occurring radionuclides were also determined in the collected
sediment samples and relatively higher concentrations of 226Ra (33.2 Bq/kg) and
22''Th(88Bq/kg) were found in those samples collected from inside the port area and
especially near the loading platform.

The obtained data for 2KIPo and other radionuclides shows a clear signal of
technological enhancement of natural radionuclides inside Tartous Port. However,
more samples will be collected next expedit
radionuclides and the data will be presented.
more samples will be collected next expedition and analyzed for 210Po, 21()Pb and other

Table (1). Some 2HIPo concentrations in water, fish and algae (Counting error
duplicate samples).

on

Site No.
1
3
6
7
8
9
10
11
12
13
15
16
17

Sediment (Bq/kg dry)
7.35 ±0.7

21.92 ± 5.1
29.86 ± 1.7
39.11 ±2.8

100.27 ± 1.08
129.65 ± 17.3
30.82 ±3.0
23.14 ± 0 . 7
49.0 ±6.1
50.45 ±3.4
90.3 ±4.9

24.35 ±0.3
162.01 ±7.9

Water (Bq/I)
3.2 ± 0.3

-

-

6.8 ±0.5
-

16.9 ± 1.5
-
-
-

2.4 ±0.05
-

8.8 ±0.2
7.0 ±0.5

Fish (Bq/kg fresh)
-
-

-
-
-
-
-
-
-
-
-
-

23.09 ±0.05

Algae (Bq/kg fresh)
15.44 ± 1.2

-

-
-
-
-
-
-
-
-
-

7.54 ±0.9
7.3 ±0.1
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A STUDY ON NATURAL AND ARTIFICIAL RADIOACTIVITY IN SELECTED AREAS IN THE
AEGEAN AND IONIAN SEA - EASTERN MEDITERRANEAN

H. FLOROU
National Centre for Scientific Research "Demokritos" (NCSR"Demokritos")
Athens - Greece

1. Natural radioactivity

The natural gamma radiation status has been determined in selected areas of elevated levels of natural
radioactivity in the Aegean Sea, the Milos and Ikaria islands. Milos island is located in the volcanic arc
of the Cyclades Archipelagos (Papanicolaou, 1986) in the southeastern Aegean Sea, Greece. The levels
of natural radioactivity in the environment of the island is of particular interest, taking into account that
the volcanic areas are characterized by enhanced concentrations of natural radionuclides (Forstner,
1979).

The results of radiometry indicate the existence of some areas in Milos where the exposure rate
exceeds 20 \iR h"1, which corresponds to dose rate of 123 nSv h"1. These are relatively high values if
compared with the observations in other Greek regions, with a reported mean value of 80 nSv h"1

(Kritidis and Florou, 1989). Nevertheless, these values are significantly lower than the maxima
reported for other regions of the world (Soc. of Nuclear Medicine, 1982).

The concentrations of 226Ra, 232Th and "°K in sediments show that for the three radionuclides Milos
presents higher concentrations in comparison with the other Greek areas considered (Florou et al,
1988). These values range in the upper limit of the corresponding values for Ionian Sea, North Adriatic
and Lingurian Sea. The concentrations of natural radionuclides in the marine organisms are comparable
with those observed in the other Greek areas considered (Florou, 1996) and other Mediterranean areas
(Nonnis-Marzano and Triulzi, 1994). Considering plants, the marine angiosperm Posidonia oceanica
shows elevated values of 226Ra and228Tb, which, in general present the greatest bioaccumulation of Th
in different parts of the plant (Florou et al, 1987).

Ikaria island is located in the Eastern Aegean Sea. In the littoral zone of the island there are several
spas and in the sub-littoral zone some springs bubble up from the bottom as well. The results of gamma
radiometry applied in the wide area of the island show that the measured exposure dose rate is higher in
the vicinity of the spas (Trabidou et al, 1995).

The concentrations of 238U, ^Ra1232Th and 40K in sediments and of 226Ra, 228Ra, 222Rn and ^K in sea
water are higher than those observed in the other Greek areas considered and in areas referred in the
international literature (Florou, 1996).

The elevated concentrations of natural radionuclides in the abiotic materials of Ikaria spas are reflected
in the concentrations of natural radionuclides in the examined organisms, as can be concluded from the
observed elevated values in comparison with the respective typical values of the Greek environment
and other Mediterranean areas (Dovlete and Bologa, 1986).

2. Artificial Radioactivity

As the Aegean Sea is adjacent by its north part to the Black Sea through the Straits of Dardanelles, the
Black Sea water mass enter to the Aegean Sea via surface current circulation during the water
exchange procedure between the two basins.

The Chernobyl nuclear accident on 26 April 1986 resulted in a deposition of 137Cs of 2400 TBq in the
Black Sea (Egorov et al, 1994), whereas the respective amount for the Aegean Sea was 530 TBq
(Kritidis and Florou, 1990). More than 10 years after, the Chernobyl Nuclear Power Plant area is the
land-based source of radionuclides chronic pollution of the Black Sea through the Pripyat river and the
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Dnieper river. In addition, radioactive pollutants of terrestrial origin are carried in by the Danube,
Dniester and Dnieper river outflows and drainage system procedures. Since the river outflows deliver
contaminated terrestrial material to the northwestern part of the Black Sea, whereas 137Cs is re-
suspended from the Black Sea sediments an amount of 250 TBq is estimated to remain in the 0-50 m
layer.

According to our measurements of surface sea water during 1993 (in the frame of MARINAMED
project of the EU), it was shown that approximately 48 TBq of 137Cs was discharged to the Aegean Sea
during 1993, due to the purification process of the Black Sea, throughout the Bosporus and Dardanelles
(Florou et al, 1994).

Considering the generic inventory of 137Cs in the Black Sea - Aegean Sea during 1993, the average
concentration of 137Cs in the Black Sea varies up to 130 Bq m"3. The respective value in the mouth of
Dardanelles is 120 ± 8 Bq m 3 , whereas the estimated mean values for the Aegean Sea is 20.7 ± 14.7
Bq m"3 (9.3 ±. 4.2 Bq m'3 if measured maximum is excluded). This vaifle is quite high, compared to
the pre-accident levels 2.6 ± 0.3 Bq m'3 or to the respective value for the Ionian Sea 9.2 ± 2.5 Bq m'3

(Florou and Kritidis, 1994).

It has also been shown that 90Sr is carried into the Aegean Sea by the same processes, resulting in a,
more or less, similar distribution pattern (Polikarpov et al, 1991).

Thus, we assume that a more or less predictable amounts of l37Cs and '"Sr are discharged to the Aegean
Sea - Eastern Mediterranean during the purification processes of the Black Sea through the Dardanelles
channel, via surface current circulation.
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Natural and man-made radionuclide concentrations in marine sediments of Gokova
Bay, Aegean Turkish Coast

Tanbay (Ugur)1 A., Y. Gungor,1 S. Mulsow,2 S. W. Fowler2 and D.Muhammed3

1Ege University, Institute of Nuclear Sciences, 35100, Bornova, IZMIR, Turkey
2IAEA, Marine Environmental Laboratory, BP 800, MC 98012, Monaco
3Dokuz Eylul University, Institute of Marine Sciences and Technology, 35440, Urla,
IZMIR.Turkey.

In the Turkish Aegean Sea borderland little information is available on the natural
and artificial radionuclide concentrations and distribution patterns. Furthermore
much of the coastline has been subject to heavy industrialization resulting in
considerable inputs of wastes (direct or through rivers) to the marine environment.
Gbkova Bay located in the Aegean coast of Turkey is not and exception. At this
location there is an active power plant using uraniferous coal as a combustible[1]
since 1950 (?) that which could contribute several by-products, such as Pb isotopes,
to this area of the Aegean sea.

The purpose of this study is to determine the impact of any anthropogenic inputs to
Gokova Bay marine sediments. To achieve this objective a sediment survey was
carried out in 1995(?). Six stations were sampled using a gravity core at depth
ranging from 100-150 m (Figure 1). Each sediment core was sliced and each
sections were wet and dry weighed. 210Po, 210Pb and 226Ra and man-made such as
i37Cs 239,24opU] 238pu a n d 2 4 i A m w e r e determined in the dry sediments.

210Pb and 222Ra were measured by gamma spectroscopy. 210Po was measured by
alpha spectroscopy after spontaneous deposition on silver discs[3]. Transuranics
were measured by alpha spectroscopy after electrochemical deposition on stainless
steel discs. 137Cs in dry sediment samples was measured directly by gamma
spectroscopy [4].

Surface sediment concentrations of 210Pb ranged from 2.9 to 6.72 dpm g~1. The 226Ra
activity was found to be 1.67 dpm g1.239240pu ranged from 0.13 to 0.85 Bq kg1; 238Pu
ranged from 0.02 to 0.09 Bq kg'1, and 241Am was below of our limits of detection.

Our preliminary results presented here will be discussed from a radioecological point
of view.
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Figure 1. Map of Gbkova Bay showing the location of the sample sites.
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HEAVY METAL POLLUTION IN THE NORTHERN SHELI OF THE SEA OF
MARMARA

O. ALGAN, N. CAGATAY, N. BALKIS, E. SARI, N GUNGOR, E. GUNGOR, N.
KIRATLI
Institute of Marine Sciences and Management, Vefa, 34470, Istanbul, Turkey
Cekmece Nuclear Research and Training Center, Istanbul, Turkey

Heavy metal and radionuclide concentrations of the surficial sediments and total
suspended solids (TSS) from the northern shelf of the Sea of Marmara were determined. The
surficial sediments from 30 to 90 m water depths, fluff layer and (TSS) samples from 10 to 30
m water depths were collected (Figure 1) and analyzed for Cu, Pb, Zn, Hg, Fe, Mn, Al, total
carbonate organic carbon and 137Cs, 239+240Pu,and 41Am.

The Sea of Marmara is an enclosed basin connected to Black Sea and Aegean Sea
through the two narrow straits of Bosphorus and Dardanelles, respectively. A two-layer water
stratification and current system in the Sea of Marmara is driven by the density differences
between the two adjoining seas. It receives pollution not only various land-based sources, but
also from the Black Sea and Mediterranean Sea.

Concentration ratios of the metals, calculated with respect to their average abundances
in shale, suggest that except for Pb, the surficial sediments show no significant contamination.
However, relative to the average metal contents in the region, high metal values are found in
the Silivri Bay and off the Biiyiik Cekmece coast; and low metal values off the coasts of
Marmara Eredlisi and Tekirdad. The concentrations of Cu, Zn and to a lesser degree, Pb are
controlled with the grain size of the sediment and Fe-Mn oxyhydroxides. The most mobile
(25% acetic acid soluble) metals in the region are Pb and Mn. Metal distributions in the fluff
layer and TSS display similarities with those in the surface sediment, except for the higher
than average Pb and Cu contents in the TSS off the coasts of Gelibolu and Tekirdad,
respectively Considerably lower Al contents of the TSS compared to those of the surface
sediments indicate a predominantly biogenic and municipal-waste origin for the TSS. In
general, Cu, Pb, Hg and Zn contents of TSS are higher than those of fluff layer and surface
sediments. The Cu, Pb and Hg are more enriched in the TSS of the surface waters than those
of bottom waters, suggesting land-based pollution sources. On the other hand, the Fe, Mn and
Zn contents of TSS in bottom waters are higher than those of surface waters. Metal contents
of TSS in both the surface and bottom waters decrease from west to east, suggesting sources
for pollutants are from Ystanbul metropolitan and the Black Sea. Enrichment of Mn in all
sampled media off the coast of §arkoy can be explained by effective flocculation of the
element as Mn-oxyhydroxides in this relatively oxygen-rich environment at the Marmara
entrance of the Strait of Canakkale.

The radionuclide distribution in the surface sediments of the northern shelf are
described and their distribution characteristics are discussed.
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Figure 1 : (a) Locations of surface sediment samples.
(b) Locations of fluff layer and TSS samples collected along profiles 1-5.
(On each profile, samples are located at 10, 20, 30 m water depth as shown on lower righ
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STATE OF THE MARINE ENVIRONMENT IN
ALEXANDRIA COASTAL BELT

O. ABOUL DAHAB
Oceanography Department, Faculty of Science,
University of Alexandria, Alexandria, Egypt

The present work monitors the physical and chemical nature of the
major land-based sources of pollution to Alexandria coast. It implies the
determination of the loads of the various chemical pollutants entering the
Mediterranean through the Egyptian coast of Alexandria. It also,
investigates the impact of the discharged wastes on the receiving waters.

Wastewater samples were collected from the different agricultural
drains, sewage outfalls and industrial effluents on monthly basis during
the period from April 1994 to March 1995 (Fig. 1). The investigated
wastewater quality parameters included pH, dissolved oxygen, hydrogen
sulphide, suspended solids, sulphides, chlorides, ammonia, phenols and
selected nutrients and trace metals. In addition, two cruises were carried
out in Alexandria coastal belt during July 1996 and March 1997. These
cruises surveyed the different sea water and sediments quality parameters
allover the coast.
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Fig. 1. Land-based sources of pollution to Alexandria coast (1 = Chlor-
alkali Plant, 2 = Umum Drain, 3 = Tanneries, 4 = Nubariya Canal, 5 =
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Alexandria land-based sources of pollution provide the Mediterranean
with considerable loads of chemical pollutants (Table 1).

Table 1. Total loads of chemical pollutants discharged to Alexandria
coast from all land-based sources in kg d"1 (Chlorides in Ton d*1).

Parameter

Dissolved oxygen
Suspended solids
Chlorides
Nitrites
Phosphates
Iron
Zinc
Chromium
Phenols

Load

58383
355692
21127

4601
24886

2417
14467

1079
217 . -

Parameter

Hydrogen sulphide
Sulphides
Ammonia
Nitrates
Manganese
Lead
Copper
Mercury

Load

25
13864
1644
3993
1451

77
251

8

Umum Drain, Tabia Pumping Station and Lake Edku Outlet are
responsible for the main daily loads of pollutants to Alexandria coastal
environment.

No benthic life was found at the areas downstream the land-based
sources. The effect of the disposal of the untreated sewage and the
industrial and agricultural wastes on the hydrography and
hydrochemistry of Alexandria coastal waters at the time of the cruises
was obvious. Wastewater discharges to Mex Bay, to the West, and Abu
Kir Bay, to the East, created unacceptable environmental conditions
which do not support marine life in these ecologically important bays.
The determined concentrations of chemical pollutants in sea water and
bottom sediments at several sites from Alexandria coast are considerably
higher than those reported before for the same sites and much higher than
the corresponding background levels for the Mediterranean [1-2]. This
observation may suggest a case of continuous and severe pollution in
Alexandria coastal environment.
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BIOMAGNIFICATION AND BIOACCUMULATION OF MERCURY IN TWO FISH
SPECIES FROM DIFFERENT TROPHIC LEVELS IN THE BAHIA DE CARTAGENA AND
THE CIENAGA GRANDE DE SANTA MARTA, COLOMBIAN CARIBBEAN

D. ALONSO
Institute de Investigaciones Marinas y Costeras -INVEMAR.
AA 1016. Santa Marta, Colombia .

N.H. CAMPOS
Universidad Nacional de Colombia -INVEMAR.
AA 1016. Santa Marta Colombia

During the decade of the 70's a chlor-alkali plant dumped between 11 and 15 tons of
mercury indiscriminately into the Bahia de Cartagena (BC>, elevating the levels of this metal in the
biotic and abiotic components of the ecosystem. Although two decades have passed since the plant
was closed, the sediments of the bay still seem to be an important source of mercury to the marine
environment. The present work measured the contents of mercury in the sediment and determined
the processes of bioaccumulation and biomagnification in two species of fishes of commercial
importance: the parassi mullet (Mugil incilis) and the striped mojarra (Eugenes plumieri), a
detritivore and an omnivore, respectively. Sampling was carried out during the months of March,
May, August and November of 1996 covering two climatic seasons (dry and rainy). At each sampling
individuals of both species were caught with fishig nets and surface (top 10 cm) sediments smaller
than 63 urn were taken in six different stations distributed around all the bay. Simultaneously, the
Cienaga Grande de Santa Marta (CGSM), a coastal lagoon, was taken as an area of reference not
affected directly by mercury contamination. Muscle tissue samples were digested in HNO3/H2SO4

[1] and sediment samples in HNCVHCI [2], and mercury concentrations were measured with atomic
absorption spectrophotometry (AAS) using the technique of cold vapor. The accuracy was
periodically checked by the use of reference samples.

The concentrations of mercury in the sediment, both absolute and normalized to the amount
of organic matter, did not show significant differences (P < 0.05) through the year for each area, but
significant differences were evident (P < 0.01) between areas where the concentrations of mercury
in BC were three orders of magnitude higher than those found in the CGSM which were, in turn,
within the natural limits of tropical habitats [3]. Furthermore, the variability of mercury in the
sediments of BC was far greater than in the CGSM due to the heterogeneous distribution of the
sampling stations in relation to the distance of the stations to the current and past sources of
contamination. This distribution was corroborated with an analysis of classification and ordination
(Fig 1).

I I H E S S • , 1 1 J

0 \) r^\<^

FIG. 1. Ordination and classification analyses of the stations sampled for surface sediments
normalized to the amount of organic matter. Samples were taken in the Bahia de Cartagena
(stations 1-6) and Cienaga Grande de Santa Marta (stations 7-10), from March to November, 1996
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Mercury concentrations in mojarra were always higher that in mullet for both zones, but the
differences were more significant in BC (P < 0.01) that in the CGSM (P < 0.05). The average
concentration of mercury in muscle tissue for the bay was higher that in the CGSM, and it was in the
order of 3 to 9.7 times greater for mullet than for mojarra, respectively. The mojarra in BC showed a
relationship between mercury concentration and size and weight which was influenced by seasons.

The bioaccumulation of both species compared to the sediment was superior in the CGSM,
an apparently contradictory result, which could be explained by a higher bioavailability of mercury In
the area, and by the possibility that this species has not reached an equilibrium with the external
environment [4}. For the mojarra the biomagnification factor (mojarra/mullet) was 4.1 times higher in
BC than in the CGSM (Fig. 2).

BC CGSM
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FIG 2. Average values for bioaccumulation and biomagnification in two fish species from two
different trophic levels in the Bahia de Cartagena (BC) and the Cienaga Grande de Santa Marta
(CGSM), from March to November, 1996.
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Etude de la bioaccumulation du Mercure dans la chair
de la clovisse (Tapes decussatus, L. 1758) des côtes tunisiennes

Chouba L., Zamouri N. et El Abed A.
INSTM, 2X Rue du 2 Mars 1934, 2025 Salummo

L'étude de la teneur en Mercure (Hg) dans la chair d'un Veneridae, Tapes decussatus
a été réalisée dans le cadre d'un Réseau National de Surveillance des zones de
production des Mollusques Bivalves vivants sur les côtes tunisiennes.

Six sites de prélèvement ont été retenus, deux au nord et quatre au sud de la Tunisie,
à savoir respectivement, Menzel Jemil, Canal de Tunis, Akarit, Oued Chooba, Karboub
et Cheikh Yahia.

Le dosage de mercure est effectué par Spectrométrie d'Absorption Atomique sans
flamme à Vapeur froid, sur la chair des individus prélevés en été 1997 par région , par
sexe et par classe de taille (Gros >40 mm, 35 mm < Moyen<39 mm, 30 mm < Petit < 35
mm). La nature du sexe est déterminée aux moyens d'une biopsie au niveau du pied de
l'animal et d'examen microscopique.

Les teneurs en mercure trouvées dans les différents sites sont très faibles par rapport
au seuil admis par l'Organisation Mondiale de la Santé (OMS). En effet ils varient entre
0,097 et 0,171 ug/g du poids sec de la chair de la clovisse. Cependant, l'application du
test de l'étendue de Student sur les moyennes calculées entre les différentes zones, nous
a permis de les classer par ordre croissant en teneur de mercure.

Les autres analyses statistiques des valeurs moyennes des concentrations trouvées par
sexe ne montre pas une différence significative entre les mâles et les femelles au sein de la
même région (nord-nord et sud-sud) et entre les deux régions (nord et sud). Alors que
celles par classe de taille ne présente pas des différences significatives au nord. Dans la
région sud une différence est enregistrée entre les gros et les petits d'une part et les
moyens et les petits d'autre part.

La comparaison inter-régions des résultats montre uniquement une différence
significative entre les gros.

Cette étude nous a permis de déduire que la clovisse des côtes tunisiennes ne présente
pas une contamination pour le mercure et, par ailleurs, il serait inutile d'introduire le
facteur sexe de la clovisse au niveau du dosage en cet élément.

En ce qui concerne la classe de taille, dans la région nord les dosages doivent être
effectuées sans considération de taille, alors qu'au sud il serait judicieux de prendre les
spécimens de l'un des deux catégories de taille à savoir, la classe supérieure à 35 mm ou
la classe inférieure ou égale à 35 mm.

Tenant compte des lois tunisiennes en vigueur relatives à la plus petite taille pêchée de
Tapes decussatus et de l'objectif d'ordre sanitaire du réseau, l'évaluation du mercure
dans la région sud sera réalisée sur les individus de taille supérieure à 35 mm.
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LAND-BASED SOURCES OF MERCURY IN THE BLACK SEA AND THEIR
REFLECTION IN THE MARINE ENVIRONMENT
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Middle East Technical University, Institute of Marine Sciences
Erdemli, Icel, Turkey

The land-based sources of mercury, one of the most dangerous pollutants in the
aquatic environment, were investigated in the western and eastern Black Sea. Sediment and
mussel samples collected in different seasons of the year were analysed for their mercury
content.

As was expected, sediments contained more mercury than mussels although some
exceptions were observed. Sediments from both the western and eastern Black Sea had more or
less the same concentrations, while mussels from the western Black Sea contained more
mercury than those from the eastern part (Figs. 1 and 2).

In the western Black Sea, mercury concentrations were highest in sediments taken
from the mouth of streams (Sts. 1 and 3) which implies that this pollutant originates from land.
High values were also obtained in the sediments collected from these streams [1]. It is obvious
that stations located in the western Black Sea are influenced also by the Danube River which
runs across many european countries. High mercury concentrations were also measured at St.5
in Zonguldak harbour which is the most populated and industrialized city in the western Black
Sea (Fig. 1 A).
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Figure 1. Mercury concentrations in sediments (A) and mussels (B) from the
western Black Sea (R: Control stations)
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Mercury concentrations in mussels from the western Black Sea were quite high at
most of the sampling stations (Fig. IB). The abnormally high value found at St. 5 resulted from
the high concentrations measured in April.

In the eastern Black Sea, the highest values were obtained in sediments from Sts. 3
and 14 (Fig.2A). Station 3 was located in the mouth of a big river (Kizihrmak River) and St. 14
at the discharge point of the effluents of a copper refinery. Very high values were also
observed in sediments from the Kizihrmak River and from the effluents [2].

Mussels from the eastern Black Sea contained less mercury than those collected from
the western part. The highest concentrations were again measured in the samples from St. 14
followed by those sampled from Sts. 9 and 10 which were located near Trabzon which is one
of the biggest city in the eastern Black Sea (Fig.2B).
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Figure 2. Mercury concentrations in sediments (A) and mussels (B) from the eastern
Black Sea (R: Control stations).
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Rivers are very important carriers of suspended matter and dissolved elements from land to
sea and their loads influence first of all the nearby coastal areas. The Northern Adriatic Sea is
interested by the inputs of many rivers, among which the Po and Adige carry to the sea the
greater part of the total fresh water input of the basin proper.

From April 1995 to July 1996 were collected samples of sedimented matter from a site
influenced primarily by the Brenta and Adige rivers, in order to determine the particulate
fluxes and to characterise the suspended load of an area influenced by terrestrial inputs and
interested by active sedimentation
processes.

Samples were collected, every
4 to 7 days, by a sediment trap of
0,05 m2 moored at about 2 m from
the bottom. The sampling station
was located at 2,3 miles SE from
the Adige estuary, on the isobath
of 20 m, in an area characterised
by clayey silts extending from NO
to SE parallely to the coastal line.
On each sample analysis have
been carried out for the
determination of total and organic

IF

45°30'-

44°30'-

Northern Adriatic

Longitude E
Fig. 1. Map of the study area showing the position of the sediment
trap (S2).

carbon by high temperature
combustion/gas-chromatography,
and of major elements (Al, Fe, Ca,
Mg, Ti, Mn) and some trace
metals (Zn, Cr, V, Ni and Cu), determined by inductively coupled plasma atomic emission
spectrometry. Currentmeter direction and intensity were registered 3 m above the bottom
during the trap deployment. Wave heights, measured at the Acqua Alta off-shore platform
8miles SE from Venice, were supplied from ISDGM-CNR.

The gross sedimentation rate, averaged over the whole study period, was 27.5±48.1 g m"2

d"', value comparable to that found in a station off the Po delta by PuSkariaee/ al. (1992). The
gross sedimentation rate is influenced by resuspension processes as shown by the correlation
(r=0.48, p<0.001) with the significant wave height; resuspension events are generally caused
by winds from NE or SE.

Other important factors affecting particulate flux are the sedimentation of riverine fine-
grained load and the settling of marine biogenic particles; the former is especially evident
during late spring when there is a higher discharge of riverine water while the latter is more
relevant during periods of low fresh water inputs and low sedimentation flux.

The variability of the chemical composition of the sedimented matter collected is high
because of the influence of river discharge, primary production and resuspension processes in
a high energy coastal environment. The concentrations of organic carbon and of trace
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elements are lower than those of the suspended matter in the water column but are higher than
those of the superficial sediments of this area, while Ca and Mg are more concentrated in the
sediments.

Heavy metals are directly correlated with the river flow (p<0.05) and with Al and Fe
(p<0.001); this indicates that terrestrial inputs influence the concentration of pollutants in the
sea and probably that heavy metals are preferentially associated with fine-grained particles,
since Al and Fe are important constituents of clayey minerals.

Organic carbon shows a negative correlation (p<0.001) with the gross sedimentation rate,
while inorganic carbon, Ca and Mg are inversely correlated with the riverine input and
directly correlated with the flux of particles. Total flux, inorganic carbon and Ca are directly
correlated with the significant wave height showing that the main contribution to the flux is
given by resuspension of bottom sediment, depleted in organic matter and rich in carbonate.
For the same reason heavy metals show negative correlation with the gross sedimentation rate,
since bottom sediments are depleted in trace elements if compared with suspended matter, and
the organic matter and some other elements (Cr, Mn, Al and Fe) are also inversely correlated
(p<0.001) with the significant wave height.

The contribution of primary particulate to the gross sedimentation rate, estimated using the
label approach (Gasith, 1975) with Ca as indicator of bottom sediment resuspension, is on
average about 45%. Higher contributions correspond to summer periods while in winter the
secondary matter prevails.

The resuspension processes and the long shore bottom currents seem to play an important
role in the southward transport of fine sediments.
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Coral reefs are found in oligotrophic waters, which are poor in nutrients such as nitrogen,
phosphate, and possibly iron. In spite of this, coral reefs exhibit high gross primary
productivity rates. They thrive in oligotrophic conditions because of the symbiotic
relationship between corals and dinoflagellate algae (zooxanthellae) embedded in the coral
tissue. In their mutualistic symbiosis, the zooxanthellae contribute their photosynthetic
capability as the basis for the metabolic energy of the whole association, and eventually of a
great part of the entire reef ecosystem.

Corals are adapted to nutrient-poor environments and can take up, retain, and recycle both
dissolved inorganic and organic nutrients. Animal metabolism and zooplankton digestion by
the host are the main source of nutrients for the zooxanthellae. Nutrients as dissolved
inorganic compounds, are available also to the algae from the sea.

The population density of algae is controlled by nitrogen and carbon limitation. The coral host
keeps the algal growth rate far from its maximum, as compared to growth rates in culture,
and thereby ensures a supply of carbon translocated from the zooxanthellae. Additions of
ammonium cause an increase in algal populations, and decreased translocation of carbon to
the host (Dubinsky et ai, 1990; Stambler et al, 1991; Stambler, 1998).

There are three major ways by which increased nutrient supply may adversely affect corals
and entire reefs (Dubinsky and Stambler, 1996).

A. Increase in phytoplankton populations in the waters surrounding the reef. Any increase in
nutrient availability in oligotrophic waters invariably results in considerable increases in
phytoplankton standing stocks, and thus an increase in chlorophyll a occurs, resulting in a
decrease in the light available to the underlying corals.

B. The increase in available essential nutrient annuls increases seaweed growth. The onset of
eutrophication removes the competitive advantage normally held by zooxanthellate
coelenterates and opens the substratum to invasion by the much faster growing seaweed,
which now settle on any vacated substratum patch, dead coral, or even on wounds of living
colonies. Overgrown by algae, eventual death of corals results from the combination of
shading of the colonies severely curtailing photosynthesis of the zooxanthellae, nighttime
depletion of oxygen due to impeded circulation, and evolution of toxic hydrogen sulfide from
the decaying algae and anoxic sediment. In the Gulf of Aqaba, upwelling of nutrient have
resulted in overgrowth and smothering of the coral reef by the green seaweed Enteromorpha
sp. and thus the death of the corals.

C. The increase in nutrients may affect the relationship between the zooxanthellae and the
coral.

I. The algae show significantly reduced photosynthetic rates due to carbon limitation in the
super dense, multilayered algal population. The photosynthetic rates of nutrient enriched
colonies of Stylophora pistillata increased compared to unenriched controls. However, there
was a considerable decrease in photosynthesis per cell as zooxanthellae density increased. The
coral growth rate was reduced.
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Table 1: Effect ammonium enrichment on the corals Stylophora pistillata and Pocillopora
damicornis (Dubinsky et al., 1990; Stambler etal, 1991).

Treatment

S. pistillata (Red Sea)
Control

N-enrichment
P. damicornis (Hawaii)

Control
N-enrichment

Areal chl a
mg chl a cm'2

Cellular chl a
pg chl cell'1

Area cell
cell cm'2

1.82
6.98

3.00
4.25

6xl05

1.65xlO6

1.40
18.00

7.714
6.593

1.96xl05

2.61xlO6

II. The increased algal population respires a larger share of the total, photosynthetically
acquired carbon. The coral Stylophora pistillata from the Red Sea responded to enrichment
with ammonium or ammonium + phosphate, mostly by increasing algal density. This was also
found in colonies of Pocillopora damicornis from Hawaii (Table 1) An increase in algal
density represents a breakdown of the balance between the host and the algae and results in
decreased growth rate of the coral.

III. The zooxanthellae retain a much higher fraction of photosynthate, rather than
translocating it to the animal. The zooxanthellae, while N-limited, have no use for most of the
abundant photosynthate (C) they produce in excess of their own respiratory requirements,
and the excess up to 95% is translocated to the host. Once supplied with additional nutrients,
either as inorganic compounds such as ammonium and phosphate, or via zooplankton
consumption by the host animal, the zooxanthellae retain most of their photosynthate, which
they now utilize for synthesis of their own biomass.

The decrease in the contribution of each alga to the energy budget of the colony may have led
to the observed decrease in the growth rate of the colony under nutrient enrichment
conditions. Under increasing densities of algae resulting from nutrient enrichment, the algae
may become CCVlimited and may compete with the animal for carbon for calcification
(Dubinsky et al., 1990).

Coral reefs, on a local and regional scale, are exposed to many anthropogenic stressors, the
main one being eutrophication. Nutrient enrichment can introduce an imbalance in the
exchange of nutrients between the zooxanthellae and the host coral, reduces light penetration
ta the reef due to nutrient stimulated phytoplankton growth, and the most harmful of all, may
bring about proliferation of seaweed. The latter rapidly outgrow, smother and eventually
replace, the slow-growing coral reef, adapted to cope with the low nutrient concentrations
typical to tropical seas
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The increasing interest on research in Antarctica is based on strategic, political, economic
and scientific reasons. Scientific research in Antarctica is an interdisciplinary task that
needs to join efforts among different groups. In this context, analytical chemistry has an
important role because the determination of trace elements in this kind of matrices is a
real challenge.
The abundance of sea life in this part of the planet is explained by the ocean's low
temperature that increases the solubility of gases in water and their immediate utilization
by algae (photosynthesis) and sea animals (respiration).
Heavy metals are taken up passively by marine organisms even when external total metal
concentration are low [1]. Thus, they have the capacity to accumulate the metals to high
body concentrations. In spite of the fact that Cu, Fe, Mn and Zn are essential elements in
invertebrates, all heavy metals are toxic at some concentration due to a process of
accumulation.
The aim of this work was the determination of trace metals (Cu, Fe, Mn and Zn) in three
antarctic matrices (krill, fish and algae) by inductively coupled plasma-atomic emission
spectrometry (ICP-AES). This work was performed applying the modern trend of
assuring the quality of all the steps of the study: sample distribution, chemical analysis
and treatment of results.

TABLE 2: Determination of Cu, Fe, Mn and Zn in antarctic krill, algae and fish

TORT-1 (certified)

TORT-1 (found)

BCR-279 (certified)

BCR-279 (found)

Knll 1

Knll2

Krill 3

Algae 1

Algae 2

Algae 3

Fish 1

Fish 2

Cu
(mg/kg)

439±22

430±21

I3,1±O,4

13,0+1,0

65,0+4,0

68,3±4,l

67,2±3,4

I5,1±O,9

23,2±l,0

20,3±l,0

2,5±0,8

2,2±0,8

Mn
(mg/kg)

23,4+1,0

23,2±0,9

-

2,2±0,l*

4,1 ±0,4

4,2±0,4

4,3±0,3

30,2±2,3

37,4±2,4

35,2±2,8

l,9±0,9

l,7±0,8

Fe
(mg/kg)

186±11

187+18

-

2,4±0,l

57,2±3,8

63,3+3,5

63,6±2,8

38,1+2,6

42,2±2,5

40,9±2,7

181±10

174+9

Zn
(mg/kg)

177+10

179+10

51,3±1,2

50,5±2,0

70,3±4,9

71,3±5,0

72,4±6,0

103+7

122±7

117±IO

23,1+2,2

17,9+1,9

* Expressed as mg/g
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A species acts as a bio-monitor if the concentration of contaminants detected reflect the
ambient bioavailability of the pollutants. Results obtained in this work show clear
evidence that the concentrations of heavy metals detected in biota are higher than the
concentrations of these metals in ocean waters (Cu: 0.025-0.64 ug/1; Zn: 0.0007-0.588
jag/1) [2]. This results are a contribution to evaluate the environmental pollution on a
global scale and provide information for future researchs.
The use of biota to monitor levels in waters is very important to study the impacts of
contaminants in Antarctica, a continent to preserve for future generations.
The accomplishement of a quality system that supported the reliability of the results,
which was one of the main objectives of this work, has been successfully obtained.
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Amphipholis squamata is a cosmopolitan ophiuroid found in numerous marine
habitats. The species is luminescent and the luminescence is under nervous control [1],
Reactives of the luminescence are not known, the only information gathered on chemistry
of the luminous reaction being that it depends on calcium [2,3]- Expression of the
luminescence is influenced by environmental physico-chemical parameters among which
heavy metals. The latter contaminants may interfer either through direct effect on the
luminescence chemistry or through alteration of the light production nervous control.
Indeed, laboratory exposures to high concentration of Cd++ (5 to 10 mM) were shown to
suppress the luminescence [2] and, in another ophiuroid species, to block electrical
conductivity of the nervous system [4].

The aim of the present study was to investigate effects of heavy metals on the
bioluminescence of A. squamata in the field. Therefore, ophiuroid populations were
investigated along a pollution gradient in the Bay of Portman (Spain, Mediterranean)
where 35 years of intensive mining activities resulted in a dramatic contamination of the
marine environment by heavy metals (Fe, Pb, Zn, Ag, Cd, Cu).

Ophiuroids of the same size class were collected at three locations along a transect
parallel to the coast and corresponding to a well-marked concentration gradient increasing
from Station 1 to Station 3. Luminous performance of individuals was measured using 200
mM KCl stimulation to maximize the luminous reaction (all the luminescence reactives
are involved in the reaction). Two parameters were used to characterize the luminescence
performance: the intensity parameter (LMax) which is the maximal luminescence intensity
recorded (in Relative Light Units per second, RLU/s) and the kinetic parameter (TLMax)
which is the time to reach the maximal light intensity (in second, s). The luminescence
was shown to be intense and fast in individuals from Stations 1 and 2, but 5-fold weaker
and 10-fold slower in those from Station 3 (the most contaminated one) (Fig. 1).
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Fig. 1: Typical luminescence records of Amphipholis squamata from Stations 1, 2 and 3

In another experiment, ophiuroids were transferred for three days from Station 1 to
Station 3. These individuals showed no statistically significant moderation of
luminescence following the transfer, although there was a clear trend towards a weaker
and slower luminescence.
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Results clearly demonstrate that heavy metal contamination declines the ophiuroid
luminescent performance in the field. Since bioluminescence would be involved in intra-
and inter-specific communications, the observed alterations in ophiuroid populations from
highly contaminated environments could lead to a lower efficiency of their ecological
adaptiveness.
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Since several decades, radionudides including l39I and 117Cs have been released
from the European reprocessing plants in Sellafield (UK) and La Hague (France).
For several reasons both radionuclides are of great relevance for the
oceanography of the Northern Seas and the Arctic Ooean.

They serve as ideal tracers for the fate of water soluble contaminants originating
from the highly industrialised zones in western Europe to the high latitude oceans.
Both are released from well documented point sources.

Moreover, due to different release functions and an almost conservative
behaviour in the water column, the 139I/I37Cs tracer pair can be used to deduce
tracer transit times from a reference point in the Norwegian Coastal Cunent since
the year 1987.

To investigate the long-range transport of the two tracers, a coupled ice-ocean
general circulation model of the Arctic, the Nordic Seas and the northern North
Atlantic is used [1]. It is run for three decades and driven with monthly mean
climatological atmospheric forcing. The resulting seasonal cycle of the circulation
in turn is used to force the advection and dispersion of the tracers.

In the model, a proxy time series for 129I and 137Cs concentrations at the reference
point is used as a tracer source [2]. It includes the contributions from the two

+ cunent affiliation: Alfred-Wcgencr-Instinit fflr Polar- und Meeresforschung (AWI)
Columbusstrasse. 2756S Bremerhaven, Germany
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reprocessing plants and the Chernobyl accident. The model results for the period
1965-1995 are compared with available observations.

The simulated large scale patterns of 139I and137Cs concentrations show a
poleward advection with the Norwegian Coastal Current and an inflow into the
Barents Sea. Part of the tracers continues north-eastward along the west coast of
Nowaja Semlja, while the other part enters the Kara Sea. Here, a large inflow of
river water from the rivers Ob and Yenessei takes place.

The contaminant dispersion continues at the surface, in the halocline and in the
Atlantic Water layer of the Arctic Ocean. The simulated values are in good
agreement with measurements from the central Arctic from the recent years. The
model study reveals entirely different advection pathways and transit times in
different layers of the Arctic Ocean. A comparison of the simulated tracer transit
times with the measured I29I and 1J7Cs values serves as a validation for the model
run. On the other hand, the model results can help interpreting the measured
radionuclide concentrations in the deep interior Arctic Ocean.

However, the model results disagree with high values of 129I in the Kara Sea,
measured in the mid 1990s. In order to investigate this disagreement, an
additional high resolution Kara Sea model [3] is used to simulate the fine scale
structure for li9l and137Cs distributions as a result of inflowing NCC and Atlantic
Waters and the mixing with potentially contaminated river sources.
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A model of the whole Suez Canal would be necessary to evaluate the radiological
consequences of any accident release of radionuclides and to follow the fate of radioactive plume
along the Canal. The model has to solve the hydrodynamics of the water governed mainly by
tides, but also including weather conditions (the effects of a wind blowing along the Canal
direction will be of importance), and the horizontal drift currents produced by horizontal salinity
gradients and by differences in mean sea level (MSL) at the two mouths of the Canal. Vertical
stratification should be considered but a previous study of its relative importance would be
necessary. This model has to produce a reliable description of the instantaneous water estate,
but it need not to be a highly accurate model, since it would be coupled with a dispersion
module where some parameter calibration is necessary.

A multidisciplinary approach and the combination of field measurements and computer
modelling and even laboratory experiments are required. The fate of the released radionuclides
will be strongly dependent on the chemical affinity to matter particles in suspended loads and
surface sediments and their dispersion has to be studied at different spatial and temporal scales.
The simplest situation corresponds to radionuclides (thereafter tracer) remaining in dissolved
from the so-called (conservative tracers). The dispersion of any dissolved pollutant will be
governed by the hydrodynamics: after release, the plume will be quickly homogenized in depth
and in the transversal direction. Few hour after the injection, the plume moves upstream and
down stream following the tidal oscillations in the water velocities, and at time, its boundaries
are diffuminated by turbulent diffusion and shear effect. So, after such a time, we basically have
a 1-Dimensional advective-diffusion problem which has to be solved simultaneously with the 1-
Dimensional hydrodynamics.

The model simulates the propagation of tides under specified atmospheric conditions and
including differences in MSL and horizontal stratification. It consist in one-dimensional
description of the Suez Canal extending from Port Taufiq till Ras-El-Ish, close to port Said
(Figure 1). The objective is to predict water elevations and velocities for use as input for a
dispersion model able to predict the fate of any eventual release of radionuclides within the Suez
Canal.

The model requires the specification of tidal elevations along the two ends. Recorded water
level will be used, but after validation, predicted tidal elevations (available at the two ends) will
serve to solve the water elevations at any point and at any time, and on this way it is possible
to investigate the radiological consequences of an eventual accident under many different
"scenarios" (this is, taking place at different locations and at different times and under different
hydraulic and atmospheric conditions).

* This work partially supported by IAEA-Technical Co-operation
Project EGY/7/002 "Marine Radioactivity Studies in Suez Canal".
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Model predictions will be compared with recorded water elevations over a set of 6 additional
stations within the Canal. Recorded elevations corresponds to February 1986, so not all the
additional information required by the model is available, for this reason the model cannot be
fully calibrated by using only this information. A field measurement will be carried out in the
to provide more adequate data.

The water state is governed by the continuity and conservation of momentum equations, which
leads:

dQ _ _ d(Q2/A) _ A d(Z+D) _ 1 _X_ + _K_ a\Q\Q

dt dx dx 4 2M Ax A

where the frictional coefficient, a for primary energy dissipation can be calculated at any regime
by means of the modified Colebrook's equation:

= - 2 l o g ( - - i - + - ^ - ) (3)
12 M p

and it is related with the Chezzy coefficient by the expression:

1 a , , 2 M k.— = (A + ) (4)
C 2 8 8 A*

In equation 2 and 4, k is the secondary losses coefficient which takes into account local energy
dissipations produced by sudden changes in section and/or direction, and k, is a parameter for
rugosity and depends on soil structures.

Equation (2) include only convective, gravitational and friction terms, and it has to be
completed with other terms leading with horizontal stratification, wind stress and atmospheric
pressure, what will be discussed some further.

The gravitational term includes the DATUM D, which takes into account the possible
elevation of the local MSL above other local MSL. This term has to be include implicitly when
describing the upper part of an sturine system and it will leads with "topographic"-permanent-
differences in MSL.

These equations are rewritten in terms of finite differences, centered in the space and forward
in the time. Some iterative processes are used to encourage convergence as well as to combining
interpolations in the space and in the time (Parandle, 1974).
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An assessment of the appropriate use of Concentration Factors in the
CUMBRIA marine radionuclide transport model using measured

historical activity concentrations in Irish Sea biota

MG Lyons
Westlakes Scientific Consulting, Ennerdale Pavilion, Westlakes Science Park, Moor Row,
Cumbria, CA24 3LN, UK

Introduction
The transport and dispersion of radionuclides discharged under licence from the
British Nuclear Fuels (BNFL) Sellafield plant to the marine environment is modelled,
on behalf of BNFL, by Westlakes Scientific Consulting with the aid of CUMBRIA, a
two-dimensional model of the Irish Sea. This paper presents the results of a model
validation exercise and compares predicted annual mean activity concentrations in a
range of biota with historic measurements. The aim of the work reported on in this
paper is to assess the appropriateness of the application of concentration factors
derived from IAEA 247 (1) in the prediction of radionuclide concentrations in Irish
Sea biota.

Model description
The CUMBRIA model consists of a grid of 431 boxes of varying size which cover the
eastern Irish Sea. The model is used to predict the long-term (up to 100 years)
transport of discharged radionuclides, which it does by simulating radionuclide
transport due to the mechanisms of advection and diffusion. Advection in CUMBRIA
is based on an annual averaged flow field generated by a tidally resolving model of
the Irish Sea. The model includes a description of adsorption and desorption onto
sediments, and resuspension and deposition of bed and suspended sediments.

Methodology
Model output takes the form of annual average concentrations for each grid box. For
the purposes of the current study dissolved concentrations were transformed to biota
concentrations using a CF. In the majority of cases default values derived from IAEA
247 (1) were initially used.

The validation was carried out for the most significant radionuclides discharged from
Sellafield to the marine environment, namely 3H, 14C, 60Co, MSr, "Zr/^Nb, "Tc, 106Ru,
129I, 134Cs, 137Cs, 144Ce, Pu-cc, 24IPu and 241Am. For each nuclide, timeseries of
predicted and observed concentration at a number of specified locations and in a
variety of biota were compared.

Results
In the majority of cases it was found that the peaks in the observed time series were
well replicated. However, the magnitude was often under or over-predicted
throughout, suggesting that the value of the CF applied was inappropriate. The ratio
required to fit the predicted and observed timeseries was calculated in each case,
resulting in an estimate of the appropriate CF value.
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"Environmental" CF values were calculated using historic radionuclide concentrations
measured in seawater and the flesh of Irish Sea biota. The quantity of data available
for this process was limited for some nuclides. However, where it was possible to
derive such CF values their application in the modelling process was found to
improve accuracy in all cases.

Table 1 illustrates the potential improvement using the example of MC. Initial
predictions of concentration used a CF of 20,000 derived from IAEA 247 (1). This
value was applied to all biota. Fitting of predictions to observations resulted in an
estimated CF which was significantly smaller, in all cases, than that originally
applied. Concentration Factors calculated using actual environmental measurements
resulted in mean values in line with the required modifications, but somewhat smaller
again (this disparity may be the result of phytoplankton activity in the summer
months, which is not simulated by the model or a variety of other modelling factors).
In the case of 14C, use of the revised CF values resulted in the prediction of
significantly reduced (and more accurate) biota concentrations than is possible using
default IAEA values. This in turn results in a significant reduction in the predicted
dose arising from the consumption of seafoods.

Table 1: Comparison of estimated CF values resulting from the fitting process
and measured CF values derived from measured concentrations for
14C

Species
Winkles
Mussels
Cod
Plaice
Crab
Lobster

IAEA 247 CF
20000
20000
20000
20000
20000
20000

Estimated CF
8000
12000
4000
6000
7000
8000

"Measured" CF
5500
9000
3000
4500
5000
7500

Summary
The validation exercise highlighted a number of areas in which the performance of the
model could be enhanced. The area in which the most significant improvement was
possible was the assignation of Concentration Factors. CFs are used in the modelling
process to transform the dissolved concentration predictions of the model into biota
flesh activity concentrations.

Where the variance between predicted and measured timeseries was significant it is
likely that an inappropriate CF had been applied. "Environmental" CFs were
generated using dissolved phase and biota flesh concentrations measured locally. In
the majority of cases there was found to be agreement between the magnitude of the
estimated and environmental CF. Application of these factors to the modelling
process has improved the predictive accuracy of the model for a range of
radionuclides.

References
(1). IAEA, (1985). Sediment KDs and concentration factors for radionuclides in the
marine environment. IAEA 247.
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Influence of Time and Space Resolution on Dispersion of Radionuclides and Radioecological
Assessment in the Marine Environment

M. Iosjpe, P. Strand

Norwegian Radiation Protection Authority, Norway

In connection with radiological assessments, it is necessary to cover large distances (> 1000 km) and
long time-scales (centuries or millenniums). Another feature of the radiological assessment of
discharges of radionuclides to the marine environment is the necessity to investigate simultaneously
the processes of transport, transfer and uptake of radionuclides from sources to doses for man. Box-
model analysis is available for these purposes (Nielsen et ah, 1997).

The general assumption for box modelling about instantaneous mixing in each box, leads in practical
calculations to instantaneous mixing in the whole of oceanic space. To improve the model, a box
model which still describes a box structure with uniform mixing in all boxes, but also includes
dispersion of radionuclides during time was created. This gives a better and more realistic/physical
approach compared to traditional box modelling. The present version of the model keeps the options
for global modelling, but also has elements of more local/regional models. This feature of the model
could be significant for evaluating the role of local features (for example, rivers and estuaries) for
dose assessment (Iosjpe etaC, 1997).

The equations of the transfer of radionuclides between the boxes of the model are of the form:

dA

A, = 0, t<T,

where k,,=0 for all /, A, and A} are activities (Bq) at time t in boxes / andj, k0 and kp are rates of
transfer (y'1) between boxes / andy, k, is an effective rate of transfer of activity (y1) from box / taking
into account loss of material from the compartment without transfer to another, for example radioactive
decay, Q{ is a continuous source of input into box / (Bq y"1), n is the number of boxes in the system, T, is
the time of ability (the first times when box / is open for dispersion of radionuclides) and y is an unit
function

\l,t>T,
1'J \o,t<T,

The times of ability T, are calculated as a minimized sum of the weights for all paths, from the initial
box with discharge of radionuclides to the box i on the oriented graph G=(V, E) with a set V of
nodes, v,, correspondent to boxes, and a set E of arcs, e^, corresponding to the transfer possibility
between the boxes j and k. Every arc, e]k, has a weight, wJk which is defined as time required for the
transfer of radionuclides immediately from boxy to box k (without any way through other boxes).
Weight, wjk, is considered as a discrete function of the water fluxes between boxes, geographical
information and expert review. It should be stressed that we do not include new additional parameters
in the model but only try to organize basic data as well as possible. Therefore the general uncertainty
of calculations according to the present model will not increase in comparison to the traditional
approach.

According to the system of equations a set of submodels with the same box structure, but with
different graph structures corresponding to discharge of radionuclides from Sellafield, La Hague,
Novaya Zemlya Bay, Obskaya Guba and Barents Sea was created.
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The comparison of times of ability according to calculations on the graph structure with experimental
and modelling study of transit/resident times (Dahlgaard, 1995; Bailly du Bois et al., 1995;
Paluszkiewicz et al., 1997) indicates a satisfactory agreement between values.

Selected results for calculated doses to man from the present model and from the model described in
Nielsen et al., (1997) for one thousand years are shown in Table 1. Calculations corresponded to a
unit (1 TBq) discharge of radionuclides into Obskaya Guba. Comparison of doses for man in the
Table 1 indicates difference for dose assessment for some radionuclides and locations of discharge of
radionuclides.

Radionuclides

60 Co

137 Cs

^Sr

241Am

239Pu

Present model

1.5E-4

3.0E-3

4.7E-4

2.9E-3

3.0E-2

Nielsen et al., 1997

2.1E-4

3.9E-3

5.7E-4

6.1E-2

2.2E-1

Table 1. Comparison of world collective doses for 1000 years from lTBq discharge of radionuclides
to the Obskaya Guba, manSv.

Calculations of the doses to man for different radionuclides, indicate that the differences between the
results of calculations, as well as concentration of radionuclides, could be up to an order of
magnitude in comparison with traditional modelling.
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IN THE MEDITERRANEAN SEAS CHAIN
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A set of models was developed to reconstruct and predict in 1960-2010 the 137Cs contamination
in the system of Mediterranean seas that was result of the testing of nuclear weapons and the
Chernobyl accident. It incorporates the submodels of the Black Sea, Azov Sea, Marmara Sea,
Western and Eastern Mediterranean. The one-and-half-dimension multilayer LAgrangian model
of TOXicant transport LATOX [1] describes the horizontally averaged fields of temperature, sa-
linity and tracer concentration in the seas proper. The vertical hydrological structure of water
body was approximated by set of homogeneous layers. The number of layers and their thickness
are varied in the time and depend on preceding course of the process. The layers can move in
vertical direction accordingly to the mass balance ("lagrangian layer"). The system of layers in-
cludes surface mixed layer that is under direct atmosphere influence, internal and bottom layers.
The simple models of hydraulically controlled straits were applied to Bosphorus, Dardanelles,
Sicily strait and Gibraltar. An empirical relation was used for shallow Kerch strait. The model is
forced using time series of the wind, temperature and freshwater influx.

In Fig. 1 the results of simulation of l37Cs concentration in the surface layer of the
Black Sea are compared with observed data. As seen, model computes quite realistic the tracer
evolution. The calculated 137Cs activity in the Azov Sea water column in 1985 was 22 Bq m'3. It
increased up to 280 Bq m'3 at May 1986 and falls to 38 Bq m'3 in 1987 that is in good agreement
with observed [2] range 20-40 Bq m"3 in 1987. The model predicts the decay of activity down
pre-Chernobyl level in 2010. The simulation results for the West and East Mediterranean are
presented in Fig. 2. The calculations also fit observations. The noticeable seasonal effects, con-
nected with deep winter convection, were pronounced, notably in the Eastern Mediterranean,
where winter convection reaches the bottom. The result was the disappearance of the Chernobyl
signal in surface waters of Mediterranean Sea proper. According to [3] the total amount of I37Cs
of the Black sea in 1977 was 1.37± 0.30 PBq and 0.18 PBq in the water column and bottom
deposition, respectively. The computed amount was 1.15 PBq in the water column. Nikitin et al.
[4] estimated the increase of 137Cs in the Black sea in 1986 as 1.66 PBq, whereas predicted value
was 1.55 PBq. An exchange through straits results in the difference in the temporal evolution of
total amount of 137Cs in Western and Eastern Mediterranean. The tracer caught in the Western
Mediterranean through Gibraltar strait and by atmosphere fallout was transported to the Sicily
strait by the upper layer current. Thereafter it entered the Eastern Mediterranean, mixed by win-
ter convection and returned to the Western Mediterranean by bottom undercurrent through the
Sicily strait. Therefore the l37Cs amount in the Western Mediterranean was remained almost
constant from 1980 as distinct from the Eastern Mediterranean. The tracer transport through the
Kerch strait in 1960-1994 was 8.7 TBq (6% of fallout) and through the Bosphorus was 0.4 PBq
(7% of fallout). The exchange through the Sicily and Gibraltar straits were more important in the
radionuclide budget. The transport through Gibraltar in 1960-1985 was 4.7 PBq (40% of fallout).

The presented results showed the capability of model to reconstruct the redistribution of
radionuclide in the complex systems of seas as well as usefulness using of isotope tracer in a
calibration and evaluation of the circulation models.
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ON USAGE OF PROBABILICO-STATISTICAL APPROACH TO COMPUTATION OF
POLLUTANT DIFFUSION ON THE BASE OF CLIMATIC DATA

O.N.MAKARYNSKYY

Odessa Hydrometeorological Institute, Odessa, Ukraine

It is proposed the way of pollutant diffusion modeling on the base of climatological
information and the application of the Monte-Carlo method that can be used for determination
of the selfcleaning speed of different aquatories.

For set up of boundary conditions on the free surface of a basin it is necessary to have some
mode prepared archives of regime meteorological characteristics [1]. There are next
characteristics: recurrence, average and maximum duration of action of each meteorological
situation and probability of transition one situation to another. Inasmuch as archives are
considered as totality of random values, in proposed way an order of alternation of
meteorological situations determines by the Monte-Carlo method (MCM) in accordance to
the archives. Each element of archives is presented by digit code that corresponds to one of the
climatological situations which has probability of appearance more then 0.

Further two main stages realize with help of MCM consistently: definition of the situation type
number and definition an action time for chosen type. A number from 1 up N assumes to each
element of the archives (N is total number of types) and it is called current number of type /.
Recurrence and transitive probability standardized so that sum of elements of each row in the
archives equal \.P, here is considered as probability of situation with current number /
appearance. Thus definition of number of situation takes down to finding of discrete random
value /. For this is necessary with help of procedure that generates equal distributed in range
from 0 up 1 random numbers to obtain random number a and after that by inequalities

2 P k < " ^ Z P k or 0<a-Z p * p (1)
k=l k=i * k=l

to calculate current number of type / and further to determine code of type.

These inequalities always makes sense, because

p
k=l " k=l

After selection of the situation it is necessary to determine duration of its action. Archives of
duration includes two characteristics for each situation: average duration b and maximum c. It
is assumed that duration of action of meteorological situation is random value too, and
procedure of its modeling takes down to next

x =

b
when a < —

c-J(\-tf)(c-b)c,when a> —
c

0)

Calculated thus value x is continuous duration of the type action [2].

Further modeling carries out with aid of probabilities of transition one situation to another. An
algorithm of calculation a number of new situation bases on inequalities (1) too.

In accordance to values of transitive probabilities it is possible a repeating of acting situation
number. In this case all period of the time, when number of type was not changing, takes into
account by calculation of whole continuous duration of the type action. Action of the situation
is ceased after lapse time of maximum continuous duration and next number of situation
selects from archives of transitive probabilities again.
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Thus the approach allows to solve one of the most complex problem in the hydrodynamics
modeling - the set up climatic fields of the meteorological characteristics on the free surface of
reservoir which are varied in the time and heterogeneous in the space because only with these
boundary conditions it is possible to speak about proximity of calculated results to the reality.

Therefore it is possible to do next step in the direction of determination of the speed of
selfcleaning - to model the currents. Many of varied models were created till present. And if
there are enough amount of data about circulation within limits of researched basin that allows
to calculate similar characteristics as for meteorological situations - it is possible to simulate
currents by the above described mode. In other case it is possible to use any models that
corresponds some criteria of selection [2].

Further if it is source of polluting substance within limits of the basin it is necessary to
determine of parameters of diffusion the substance. It can be done on the base of Monte-Carlo
method too inasmuch usage the very this way allows to avoid some limitations of other
methods which use different hypotheses for closure the set of equations governing the motion.

The main point of the method is modeling of movements of discrete particles. In modeling each

particle goes some distance for one step by time At. And projection of the movement of

particle k onto axis X t for step by time/ can be described by expression

(Ax, ) £ = K / A * + (! ! , )£ (4)

(; =1.2.3; j =1 N, ; k =1,...,N)

where Vt - projection of current velocity vector onto axis X, for step by time/; (f| t )k-

random increment; N, - number of steps by time; N - number of particles.

First term in (4) defines movement of particle under influence of averaged field of currents and

second one - under influence of random pulsations of the velocity field, (n f )/( is considered
as random value and

f (5)

where y[ - random number equally distributed in range from 0 up 1; Kt• - coefficient of the
turbulent diffusion for time step/.

Described methodology allows to study behavior of polluting substances of different nature and
in the most character climatic conditions.
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THE LARGE-SCALE SPREADING OF RADIOACTIVE MATTER IN THE OCEAN

Results of a numerical study related to potential releases at
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A world ocean circulation model was applied together with
a tracer dispersion model to study the large-scale effects of
potential radioactive releases which might arise at Mururoa and
Fangataufa due to the French nuclear tests in the past at these
sites.

Constant as well as time-dependent radioactive sources
have been assumed as input for simulations of the activity
concentrations in the South Pacific ocean emanating from the
test sites.

Two scenarios were envisaged:
the total radioactivity released enters the ocean through
the lagoon
the total radioactivity released enters the ocean sideways
at subsurface depths through the karst layer. The karst
represents a potential conducting medium for radionuclides
coming from the vulcanic formations down below.

The circulation model used were developed at the Max-
Planck-Institute for Meteorology, Hamburg, to study global
climate changes. It is a prognostic OGCM and has a special
resolution of 3.5 x 3.5 degrees in the horizontal and 22 layers
in the vertical. It provides the input data for the Lagrangian
transport model (tracer dispersion model). The horizontal and
vertical spreading of the tracers considered due to the large-
scale circulation and subgrid-scale mixing is treated by means
of Lagrangian partical tracking combined with a Monte Carlo-
method .
The model is forced by standard boundary conditions.

The representation of simulation results have been devided into
two parts:

temporal variations of the activity concentrations over
about 50 years at "nearby" islands such as Tureia, Gambier
Islands, Hao and Tahiti.
spatial distributions of the activity concentrations in
the South Pacific ocean at various time-steps after the
release has started.

A constant release at Mururoa produces a radioactive
contamination in the ocean which arrives at Tureia about one
year after the source has started. The contamination emerges at
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Tahiti and Hao two and three years later. In all simulations
using a constant release concentrations in seawater rise within
a year after its first signal at the specific site up to a
constant "equilibrium" level over the simulation period.

Assuming a time-dependent release yields peak
concentrations which gradually build up at the various
neighbouring islands of concern and decrease then again
depending on the prescribed source-term.

Regarding the spatial distribution only time-dependent
sources
- either in the surface layer - or at a subsurface depth of
400 m have been considered. The results show the time-develop-
ment of the activity concentration pattern in the South Pacific
ocean for selected radionuclides.

A salient feature of the distributions are the different
advection schemes in the surface layer and at subsurface depth.

In the surface layer the released activity moves with the
prevailing circulation into easterly directions. In the
subsurface layer it propagates towards west.

All simulated concentration patterns of the various
radionuclides (3H, 90Sr, 137Cs, 239t24°Pu) resemble each other,
because the circulation is the main engine to spread the
contamination in the open ocean. What matters additionally are
the initial conditions, i.e. the source-term and the different
half-life of the specific radionuclides.

The simulations intimate that the radioactive
contaminations released at Mururoa/Fangataufa due to the French
nuclear tests do not exceed the natural background level in the
South Pacific ocean. With respect to 90Sr and 137Cs activity con-
centrations even stay orders of magnitudes below the global
fallout levels at distances from Mururoa which are smaller than
the next island Tureia (13 0 km).
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The European Commission initiated in 1995 a study to evaluate the radiological
consequences of the marine reactors that were scuttled in the Kara Sea and the associated
uncertainties. The study considered objects located in bays on the east coast of Novaya
Zemlya (OK-150 in Tsivolki bay, NS-285 and NS-901 in Abrosimov bay, and NS-601 in
Stepovogo bay,) and in the Novaya Zemlya Depression (NS-421).

The calculations of radionuclide inventories of the fission products and actinides
were based on information on the operating histories of the nuclear reactors. The overall
uncertainty associated with the inventories of fission products and actinides for the OK-
150 fuel is estimated to be less than 20%. A similar value applies to the fission products in
the submarine fuel but, due to the higher enrichment, the actinide uncertainty is assessed at
a factor of 3. The barriers employed to retain the activity are stainless and carbon steels,
furfurol, concrete and bitumen. Experimental data were used to evaluate the corrosion
rates taking into account the effects of marine organisms and the galvanic coupling of
stainless and carbon steels.

The dispersion of radionuclides in the bays of Novaya Zemlya, the Kara Sea and
along the mainland coast was evaluated using the THREETOX and the COASTOX models
developed by CCUAS. The THREETOX model simulates 3-D hydrodynamic fields, sus-
pended sediment and radionuclide transport in the water. Local-scale modelling was ap-
plied to estimate the radionuclide concentrations in the water and top layer of bottom
sediments in the Novaya Zemlya bays as a function of time. Regional-scale modelling pro-
vided radionuclide concentrations in the water and sediments in the Kara Sea with input of
radionuclides from the Novaya Zemlya Depression and Novaya Zemlya bays. The two-
dimensional model COASTOX provides high-resolution simulation of the distribution of
radionuclides in the near-shore zone, taking into account the joint effect of waves and cur-
rents on the radionuclide transport and transfer in the bottom boundary layer. This model
was used to provide a basis for the assessment of doses to critical groups.

Short- and long-range dispersion was calculated using the Rise box model. The
model is developed for the assessment of the radiological consequences of releases of radio-
active material to the marine environment covering the Arctic Seas and the North Atlantic
including European coastal waters. The model simulates dispersion of radioactivity in the
water due to advective transport including mixing from wind and tidal forces. Association
of radionuclides to suspended sediment material is taken into consideration in addition to
subsequent transfer to sediments through particle scavenging. Further transfer of radionu-
clides between the water column and the sediments include diffusion, bioturbation and re-
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suspension. From specified inputs of radioactivity to the marine environment the model
calculates time-dependent concentrations in seawater and sediments. These data are used to
calculate doses to man from a range of exposure pathways: ingestion of fish, crustaceans,
molluscs, seaweed; external exposure on beaches; inhalation of sea spray and resuspended
beach sediments. Doses are calculated to individual members of critical groups and to
populations. The critical groups include military personnel on Novaya Zemlya and people
in new towns of 50,000 inhabitants to support the gas industry on the Yamal and Taymur
peninsulas.

TOTAL COLLECTIVE DOSES, ALL SOURCES
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Fig. 1. Relative contributions (per cent) by nuclide and pathway to the collective dose
from all sites (marine pathways only).

The best estimate total collective dose was calculated to be 0.8 man Sv when inte-
grated over 10,000 years with relative contributions by nuclide and pathway as shown in
Figure 1.

The best estimate maximum dose rate to any potential residential group is 0.02
|j.Sv/y in 1970 due to Fe-55 to the new town on the Yamal peninsula and the maximum
dose to personnel at Tsivolki Bay is derived to be 0.5 îSv/y in the year 3350. These val-
ues are significantly below the value of 10 u,Sv/y, which is the lower limit of doses that are
considered to be of regulatory concern by the IAEA and the 1996 Euratom Directive. The
doses due to other scenarios are of the same magnitude as the above although the doses due
to the plutonium isotopes will occur about 1000 years earlier in the worst case scenarios.

The best estimate collective dose is less than the value of 1 man Sv which is con-
sidered to be the lower limit of regulatory concern by the IAEA and the 1996 Euratom Di-
rective. This compares with the annual collective dose to the world's population from
naturally occurring polonium-210 in the ocean, which is estimated in other studies to be
four orders of magnitude higher.

338



IAEA-SM-354/59P XA9951306

THE REGIONAL RADIOECOLOGICAL MODEL 'ARCTIC
FOR PREDICTIONS OF RADIOACTIVE CONTAMINATION

OF THE BARENTS AND KARA SEAS

T.G. SAZYKINA
Scientific & Production Association "TYPHOON1',

82 Lenin Ave., Obninsk, Kaluga Region, 249020 RUSSIA

The model 'ARCTIC was created in 1994 as part of the International Arctic Seas
Assessment Project (IASAP) [1,2]. The aim of the model is to predict the potential consequences of the
radioactive waste dumping into the Arctic Seas for the period over 1000 years. The model may also be
used for assessment of the radiological impact from other sources of radioactive contamination of the
Arctic Seas.

"ARCTIC" is a regional compartmental dynamic deterministic model. When defining the
compartments in the Barents and Kara Seas, the general character of marine currents was taken into
account, as well as location of shallow and deep-water subareas, fish concentration areas, sites of
radioactive waste dumping and other sources of radioactive contamination of the marine environment.

The Barents Sea is divided into 4 boxes: B1-B4 . Box Bl comprises the southern part of the
Barents Sea, with the main motion of water masses determined by warm Murman current. Warm atlantic
waters, entering the Box Bl from the Norwegian Sea, may transport the radioactive contamination from
the West-European seas to the Barents Sea. Radiation-hazardous objects of the Kola Peninsula and ships
of atomic fleet may be also the sources of radioactive contamination of the Box Bl. Owing to the system
of warm currents, the Box Bl is the migration and feeding area for many commercial species offish. This
box is of great fishering importance.

Box B2 represents a relatively shallow-water area to the south and south-east of the Spitzbergen
Islands. Radioactive contamination of the Box B2 may be due to the arrival of warm Atlantic waters with
the East-Spitzbergen current. The Box B2 is the important feeding area for many commercial species of
fish.

Box B3 represents the central and relatively deep-water part of the Barents Sea. The anticyclonic
water motion dominates in the Box B3. Box B3 is less fish-productive area as compared to Box Bl and
B2.

Box B4 comprises the 150-km coastal area along the western shore of the Novaya Zemlya
archipelago. The motion of water masses in Box B4 is determined by the western -Novaya Zemlya
current. Box B4 is a feeding area for some species of commercial fish.

The Kara Sea is divided into 2 compartments (boxes). Box B5 represents the western part of the
sea with the anticyclonic general circulation of water masses.

Box B6 comprises the eastern part of the Kara Sea with relatively low depths and considerable
influence of the river runoff!

Sites of RW disposal are considered as additional compartments: deep waters of the Novaya
Zemlya Trough - as box B7, and a bay of Novaya Zemlya - as box B8.

The main dynamic processes simulated by the model are as follows:
- transfer of radionuclides with water masses between the marine compartments of the

Arctic Seas;
- transfer of radionuclides between the water column and bottom sediments within each

marine compartment;
- accumulation of radionuclides by commercial species of marine biota inhabiting particular

subareas of the Arctic Seas, or migrating between marine compartments;
- individual dose rates to the representatives of local critical groups of population,
- collective doses to the world population, consuming seafood from the Arctic Seas;.;
- dose rates to the marine organisms.

Modelling the tranfer of radionuclides between the marine compartments is based on the
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assumption of homogenious mixing within each compartment, with exchange rates being proportional to
the flows of contaminated water between compartments. Regional specific oceanographic information
(water flows, depths, sedimentation rates, etc.) based on the observed data, was prepared by experts
within the framework of IASAP, and recommended values of oceanographic parameters were used in the
model. The transfer of radionuclides between the water column and bottom sediments was modelled for
each marine compartment, using the standard methodology recommended by EC. The removal of activity
from water column to bottom sediments was described by the particle scavenging model. Diffusion and
bioturbation processes were also considered acting on the boundary layer between sediments and the
water column

Modelling of radioactive contamination of commercial fish species in the Arctic Seas
The dynamics of radioactive contamination of biota in the Arctic seas was calculated in a

radioecological block of the model "ARCTIC
The assessment of radioactive contamination of biota in the Arctic seas has its distinguishing

features as compared with similar calculations for warmer climatic zones. Because of severe climatic
conditions in the Arctic seas, most commercial species offish use the Barents Sea as a feeding area, and
the coastal waters of the Norwegian Sea as a spawning area. Regular seasonal migrations of fish for
distances of 1,500 - 2,000 miles are observed. During a year fish migrate to various regions of the Arctic
seas which can differ considerably in radioactive contamination levels. The equilibrium between
radionuclide concentrations in water and fish has no time to be established during the period of residence
of the fish in a particular area of the sea.

An original methodology was employed for modelling the dynamics of radioative contamination
of fish, based on a combined use of ecological and radioeological equations [3]. The processes of
radionuclide bioaccumulation in fish were modelled with consideration for the following processes:
radionuclide uptake with fish diet, growth offish, removal of radionuclides due to metabolic losses [4].
The seasonal migrations offish between marine compartments were simulated, based on the observed
patterns of fish migrations. The fish submodel may be used independently or in combination with any
hydrological model.

Dose assessment to humans and arctic marine biota
A special submodel was designed to calculate doses to humans due to consumption of fish

and other marine foodstuff from the Arctic Seas [5]. Individual and collective dose rates to humans
were calculated using the calculated values of seafood contamination, statistical data on seafood catches,
and feeding rations of local groups of population.

The model also allows one to calculate doses to fish and other marine organisms. The
standard "Point Source Dose Distribution" approach was employed for calculating radiation dose
rates to marine biota in the Arctic Seas. The exposure pathways considered include external radiation
from contaminated water and seabed, as well as internal radiation from radionuclides incorporated
within organisms. The uniform distribution of radionuclides within the organisms was assumed.
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Dispersion of radionuclides potentially released from the
Atolls of Mururoa and Fangataufa to neighboring archipelagos
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In the framework of IAEA's Study of the Radiological Situation at the Atolls
of Mururoa and Fangataufa [1], a special interest was devoted to the assessment of
present and potential radiological doses to human populations in the South Pacific,
particularly those inhabiting the nearest islands. Since seafood constitutes an
important fraction of the islanders diet [2], the marine dispersion from the atolls and
the transfer of radionuclides through the marine food-chain to man has been the object
of a number of previous studies and publications [2, 3, 4].

This paper presents a compartmental model developed to simulate dispersion
of radionuclides released to the ocean from the atolls of Mururoa and Fangataufa on a
scale of 3000 x 1700 km (15° to 30° S latitude, 130° to 160° W longitude), including
the Tuamotu, Cook, Society, Gambier and Austral archipelagos. The horizontal
resolution of the model is finer (0.5° x 0.5°) in the region of the atolls and to
thenearest inhabited island (Tureia) and coarser (5° x 5°) beyond a range of 200 km
from the atolls. The vertical structure is based on the analysis of flow-fields generated
by the numerical model of the Pacific and Indian Oceans of Masumoto and Yamagata
[5], and includes 3 water layers. Monthly values of the exchanges of water between
the compartments are evaluated by spatially integrating flows obtained on the basis of
monthly snap-shots of velocity fields predicted by the Masumoto and Yamagata
model. The model also includes sediment-water interaction. The finer short-range
model resolution permits to better simulate dispersion in the vicinity of the atolls,
where steeper concentration gradients can be expected, and also to differentiate
between the two atolls as sources. In the intermediate range, seasonality has been
shown to have important effects, therefore the model has been designed to reproduce
monthly flow patterns by sequentially employing 12 sets of exchange coefficients,
each of them characterizing circulation patterns and volume flows for a given month.

Simulations have been performed for dispersion of 3H, 90Sr and l37Cs on a
time-scale of 100 years and for 239Pu over 10,000 years. Release-rate functions were
derived from the source terms calculated by the Working Group 4 of the IAEA Study
[1]. Predictions of time-dependent radionuclide concentrations are obtained for a
number of 88 water compartments and 20 sediment compartments. Model predictions
for radionuclide concentrations in seawater at Tahiti are illustrated in Fig.l.
Maximum concentrations predicted are below present-day background levels
measured in the region [1]. Resulting individual dose-rates from consumption of sea-
food [2], calculated on the basis of generic values of the concentration factors [6] are
negligibly small as compared to those from natural 210Po.
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Fig. 1. Annual mean concentrations of radionuclides averaged over the top 450 m
layer of water at Tahiti. The release of radionuclides from the Atolls of Mururoa and

Fangataufa takes place according to the normal release scenario given in [1].
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PREDICTIONS OF RADIONUCLIDE DISPERSION IN SEA WATER
AROUND THE MURUROA AND FANGATAUFA ATOLLS

O. TOGAWA
Marine Environment Laboratory, International Atomic Energy Agency (IAEA-MEL),
Monaco

The International Atomic Energy Agency has conducted a study, requested by the
Government of France, to assess the radiological situation at the atolls of Mururoa and
Fangataufa in French Polynesia [1]. In the framework of the study, dispersion of
radionuclides in surface seawater in a regional scale has been predicted for several source
term scenarios using an equidistant-grid compartmental model.

The equidistant-grid compartmental model used in this study was developed for
regional scale modelling of discharges from a spent nuclear fuel reprocessing plant in Japan
[2]. For this study, the region of interest is defined to be 10 to 30° S and 125 to 155° W
(roughly 2,200 km x 3,100 km). Fig.l shows the area which is centered on the atolls and
includes the Tuamotu Archipelago and the Society, Austral and Gambier Islands.
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Fig.1 Regional domain for the equidistant-grid
compartmental model

in
is estimated

a simple model, in
the effect of the

thermocline is taken into
account. It is assumed that
the concentration is uniform
through the water column
from the surface to a depth of
the thermocline and that

thermocline by diffusion but byradionuclides are not transferred down below the
sedimentation. A depth of the thermocline is defined 400 m.

Ocean current data in the original model were based on calculation of the geostrophic
current using the measured data of temperature and salinity. However, the current data of
Masumoto and Yamagata [3] are used for this study. This database has a resolution of 0.5° in
latitude and longitude with 20 layers from the surface to the bottom. A total of 12 data sets
are available, each of which contains monthly-averaged snapshot velocities (u, v, w) at all grid
points. For the model used here, annual-averaged values are calculated for each compartment
of 1° of both latitude and longitude and for a layer from the surface to a depth of the
thermocline.
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The bathymetry data were provided by Hamburg University. Volume, vertical cross
section and average depth for each compartment are calculated by linearly interpolating the
depth data. The transfer of radionuclides between compartments is estimated by summing
components due to the ocean current and eddy diffusion. The eddy diffusion coefficient of
100 m2/s is used here over the entire domain.

Model simulations are conducted using 3 source term scenarios : i) instantaneous
release following a hypothetical slide in the carbonate zone, ii) time-dependent current release
from the lagoons combined with a future release from underground sources, and iii) periodical
and instantaneous release of plutonium simulating a severe storm event every ten years.
Concentrations of 3H, 90Sr, 137Cs and 239-240Pu in surface water are estimated near several
inhabited islands (Fig.l). It is assumed that all radionuclides are released from Mururoa into
the surface water.
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[4]. Fig.2 shows the time-dependent
concentrations of 239-240Pu in surface
water near four inhabited islands.
The total amount of a plutonium
release is 10 TBq. The time of a peak
concentration and its value are related

to the distance of the islands from Mururoa, i.e. the longer the distance is, the longer the time
of the peak concentration is and the lower its value is. The concentration field shows the
pattern that the water is mixed in the higher and lower latitudes and transported rapidly to the
west in the northern part of the South Pacific Ocean and to the east in the southern part, faster
than the center of mass.
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Fig.2 Concentrations of Pu-239,240 following
a hypothetical slide in the carbonate zone

A time-dependent release scenario gives the results that all the concentrations are well
below the background levels. For a storm scenario, the first three peak concentrations of

u a t t n e n e a r e Sf isiancj (Tureia) are comparable with the background level.
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BILAN DES RADIONUCLÉIDES EN MANCHE : SOURCES ET DISTRIBUTION DANS L'ENVIRONNEMENT
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Résumé :

L'inventaire quantitatif des stocks de radionucléides présents en Manche réalisé sur
plusieurs années a précisé l'impact de l'usine de retraitement de combustibles irradiés de La
Hague dans l'eau de mer en situation d'équilibre (activité volumique dans l'eau de mer en tout point
de la Manche correspondant à un rejet constant de l'usine de La Hague). La comparaison de cet
impact, obtenu à partir des campagnes de prélèvements d'éléments solubles (125Sb), avec la
distribution de radionucléides moins solubles (106Ru, 60Co, 137Cs, 134Cs), a permis d'évaluer la
quantité de ces radionucléides ayant quitté l'eau de mer pour se fixer sur les sédiments ou les
espèces vivantes et d'identifier les régions principalement concernées par ces transferts.

Les bilans réalisés tiennent compte des sources connues de radionucléides parvenant en
Manche (rejets industriels, retombées des essais nucléaires atmosphériques), la contribution des
retombées de l'accident de Tchernobyl a été déterminée. Ces travaux mettent en évidence un
excès de 137Cs par rapport au bruit de fond des eaux de surface de l'Atlantique Nord, il représente
de 12 à 1 Bq.m"3 entre 1984 à 1994 qui s'ajoutent aux 2,5 Bq.rrf3 présents dans l'Atlantique au
large. Le stock de 137Cs concerné est comparable aux quantités rejetées par l'usine de la Hague
durant cette période, il est aussi l'équivalent à 1% des rejets de cet élément de l'usine de
retraitement de Sellafield située en Mer d'Irlande.

Par ailleurs, les rapports isotopiques de 238Pu/239+240Pu mesurés dans l'eau de mer et les
espèces vivantes depuis plusieurs années (entre 0,4 et 1) ne correspondent pas à ceux des rejets
de l'usine de La Hague (supérieurs à 2). Parmi les hypothèses retenues, un relargage du Pu
depuis les sédiments est évoqué en plus de la contribution des apports atlantiques.

L'influence des centrales nucléaires en bord de mer est limité au champ très proche et ne
concerne que certains radionucléides, excepté pour le 60Co qui est observé régulièrement à
proximité de l'usine de Winfrith.

Des travaux récents ont permis d'établir l'inventaire des stocks de radionucléides présents
dans les sédiments à l'échelle de la Manche. Le marquage de l'usine de La Hague est net pour
certains (60Co et Pu), il n'en est pas de même pour137Cs pour lequel les apports atlantiques sont
dominants. Les temps de transit des stocks sédimentaires ont pu être estimés grâce à une
méthode utilisant les rapports isotopiques du plutonium (238Pu / 240Pu). Les vitesses qui en
découlent sont de quelques kilomètres à quelques dizaines de kilomètres par an à comparer avec
1000 km.a"1 pour les masses d'eau. Il s'ensuit que les activités mesurées en Manche Centrale
témoignent d'une intégration des rejets sur plusieurs années. Cet effet de rémanence est d'ailleurs
bien mis en évidence par la comparaison entre les quantités rejetées par l'usine de La Hague ou
apportées par les retombées et les quantités stockées dans les fonds sédimentaires : pour les
radionucléides émetteurs alpha du plutonium, environ les deux tiers des quantités rejetées sont
encore présents dans les sédiments de la Manche.

Dans le domaine biologique, les niveaux de radioactivité suivent en général l'évolution des
rejets industriels, en particulier ceux de La Hague qui ont diminué sensiblement ces dernières
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années. Pour les organismes vivants, les principaux éléments décelés actuellement sont le137Cs
et le 60Co dont les niveaux sont de quelques Bq.kg'1 sec, et le Pu qui est inférieur au Bq.kg"1 sec.

Des travaux récents ont permis de mettre en évidence le marquage en Iode 129 de l'usine de
La Hague, depuis le Golfe Normand Breton jusqu'au détroit du Pas de Calais (de 60 à 350 Bq.kg"1

sec dans des algues).
Les recherches futures s'efforceront d'expliquer l'excès de radioactivité dissoute observée en

137Cs, et de préciser la cinétique des transferts des radionucléides aux espèces et aux sédiments
pour constituer les éléments de base d'un modèle radioécologique de la Manche.
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PLUTONIDM-241 IN SEAWATER OF THE NORTHWEST EUROPEAN SHELF
SEAS 1989-1993
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This paper contributes to the knowledge about the levels and distribution of "'Pu in seawater in
the North Sea and adjacent European shelf seas during the period 1989-1993.

The controlled release of low-level radioactive waste from European nuclear fuel reprocessing
plants in the UK (SeUafield, Dounreay) and France (La Hague) has led to a widespread
contamination of the northeast North Atlantic and its adjoining shelf seas, Sellafield being the
main contributor. Within the numerous nuclides released into the marine environment, scientific
interest during the past decades has focussed mainly on gamma-emitting radionucUdes such as
I37Cs or alpha-emitters such as transuranium nuclides r 'Pu, 2J9-24<pu and 24IAm). Results of
M1Pu have been published rather sparsely, perhaps due to the nature of this nuclide as a weak
beta-emitter. ^ P u has a half-life of 14.35 years and decays to MI Am.

The BSH conducts regular research cruises to monitor man-made radtonuclides in the North Sea
and the adjoining shelf seas. Generally once per year, unfiltered seawjater samples of SO or 1001
are collected and analysed for transuranium elements as a8Pu, 239-2<|JPu and 241Am. During the
analytical process which is described in detail elsewhere'1', M1Pu is; chemically separated and
electroplated on stainless steel discs along with the other Pu nucl|des. Due to its half-life a
substantial amount of "'Pu has decayed to ^ A m after a period at about 5 years and allows
recounting. The M1Am (main alpha line at 5.486 MeV) ingrowth adds to the already existing
"8Pu (5.499 MeV) alpha line. For a detailed discussion of this procedure see Ref.2 . The l a
uncertainties of the method are typically around 15 % (range 5-30 %).

The documented principal sources of MlPu are atmospheric fallout from nuclear weapon tests
during the sixties and discharges from the Sellafield reprocessing plfrt. From the nominal total
activity of 191 PBq M1Pu, which was injected into the environment0M up to 1993, a substantial
part of 11% was contributed by Sellafield, mainly in the seventies. The contribution of the La
Hague plant is unknown, as the information policy of this establishment was rather restrictive in
past decades. From the 21,500 TBq released by the Sellafield plant up to 1993, less man 1% was
released during the period of this study. The application of the MlPu/23*i24OPu activity ratio allows
to distinguish between fallout and reprocessing releases. Decay corrected to 1993, the ratio is
calculated to be 6.3 (fallout) and 14.2 (Sellafield), respectively. In contrast, the release ratio
during the period 1989-93 was steadily >30.

We found high levels of 241Pu activity concentrations both for Sellafield and for La Hague
labelled waters in the European shelf seas which do not correspond with the amount of releases
during 1989-93, Whereas we have no proof in the case of the La Hague plant, as the source'
term of this establishment is not published, our results demonstrate clearly mat the Pu activities
found here in Sellafield labelled waters are not dominated by releases during the study period,
Instead, the mean 241Pu/239^°Pu activity ratio found in seawater of the Irish Sea, the waters
around Scotland and the central North Sea is -15, which corresponds very well with the total
^Pu/ 2 3 9 - 2 *^ inventory released from SeUafield. In contrast, very few samples of the whole
study show a 241Pu/a9-"°Pu activity ratio, which is of fallout origin.
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Fig. 1 Example of Plutonium-241 activity concentrations in unfiltered seawater in the English
Channel, southeastern North Sea and Skagerrak in November 1992.

In conclusion, an overview of 263 determinations of M1Pu in unfiltered seawater from northwest
European shelf seas is presented for the years 1989-1993, Activity concentration levels span
from 30 to 194,000 mBq/m?. As the variability is at least one order of magnitude higher than that
of conservative radionuclides (137Cs, l2SSb, ^Sr, **Tc; ref. 6) in the same area and time period, we
conclude that transport of suspended or resuspended particles(7) play an important role in the
distribution mechanism. The ^Pu/239-24^ activity ratios found here indicate the seabed of the
Irish Sea as the principal source of Pu in the Irish Sea and the central North Sea in the period of
this study.
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CAESIUM-137 IN SEDIMENTS OF THE NORTHERN BALTIC SEA
SINCE THE CHERNOBYL ACCIDENT
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STUK - Radiation and Nuclear Safety Authority, Helsinki, Finland

H. KANKAANPAA, A. LAINE
Finnish Institute of Marine Research, Helsinki, Finland

The sea most affected by the Chernobyl accident was the Baltic Sea, since the first radioactive clouds
from Chernobyl travelled to the north and caused a high deposition over the Scandinavian region.
Because of the closed nature of this sea, its small volume of water and its restricted exchange of
water with the North Sea, the levels of caesium-137 in this sea have remained the highest in Europe
(Povinec et al., 1996).

Soon after the deposition of the Chernobyl fallout on the surface of the Baltic Sea, sinking of fresh
fallout nuclides through the water layers was quite rapid. After the initial fallout situation, several
factors affected the concentrations of radionuclides in the water body, e.g. sea currents, mixing of
water masses, river discharges from the drainage areas, sinking in the water column and deposition
on the bottom (Ilus et al., 1995).

The distribution pattern of Chernobyl-derived caesium-137 in the terrestrial drainage area of the
Baltic Sea was very uneven and the highest deposition values occured in the areas surrounding the
Gulf of Bothnia and Gulf of Finland. Correspondingly, the highest caesium-137 concentrations in
bottom sediments occured in these Gulfs too, but the scattered nature of its areal distribution was
further emphasized as a consequence of river discharges and different sedimentation rates on hard
and soft bottoms.

In this paper caesium-137 concentrations in the bottom sediments of the northern Baltic Sea since the
Chernobyl accident are considered. Both the vertical and horizontal distribution and the total amounts
of Cs-137 per square metre in different subregions up to the late 1990s are discussed. The highest
total amount, 116.000 Bq m"2, occured in the Bothnian Sea in 1996.

Revised calculations are made to estimate the total amount of Cs-137 bound to the bottom sediments
of the northern Baltic Sea. Earlier inventories were made e.g. by Salo et al. (1986) at the beginning of
the 1980s, and e.g. by Ilus et al. (1995) and Kankaanpaa et al. (1997) in the early 1990s. This new
inventory is based on essentially larger number of sediment data than our previous calculations. Data
are compiled from ca. 200 sediment profiles sampled in 1994-1997 (Fig.l). Different sedimentation
rates of Cs-137 on soft and hard bottoms are taken into account in the calculations.

349



64.00

62.00

60.00

58.00

56.00

54.00

14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00

Figure 1. Sampling stations used in the Cs-137 inventory.

REFERENCES

Ilus, E, Niemisto, L and Bojanowski, R, 1995. Radionuclides in sediment and suspended particulate
matter. In: Radioactivity in the Baltic Sea 1984-1991. Baltic Sea Enviroment Proceedings, 61: 69-92.

Kankaanpaa, H, Vallius, H, Sandman, O and Niemisto", L, 1997. Determination of recent
sedimentation in the Gulf of Finland using 137Cs. Oceanologica Acta, 20,6: 823-836.

Povinec, P, Fowler, S and Baxter, M, 1996. Chernobyl & the marine environment: The radiological
impact in context. IAEA Bulletin, 38,1: 18-22.

Salo, A, Tuomainen, K, Voipio, A, 1986. Inventories of some long-lived radionuclides in the Baltic
Sea. The Science of the Total Environment, 54: 247-260.

350



XA9951312IAEA-SM-354/65P

239+24opu in settling particles
on the East China Sea continental margin.
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The transport process of 239+24opu on the East China Sea continental margin was
investigated by measuring the concentrations of 2.i9+24opu j n settling particles. Mooring
location of the sediment trap experiment is shown in Fig. 1. Settling particle samples were
collected at three observation stations (Stn.F-4, F-6, and F-8) by using sediment traps.
The sediment trap mooring strategy at transect F line is shown in Fig.2. Three moorings
of sediment traps were deployed on the continental shelf edge and slope from 26 October
1995 to 4 November 1995. Three conventional sediment traps were deployed at Stns. F-
4, F-6, and F-8. Two sequential traps were also deployed on same mooring of Stn. F-4
at 502 m and 574 m depth. The sampling interval of F-4 sequential traps was 12 hours
from 26 October 1995 to 4 November 1995. The activities of 239+24opu w e r e determined
with an alpha spectrometer equipped with silicon surface barrier detectors and pulse
height analyzer after chemical separations. 2iopb in settling particles was also analyzed
via counting of the activity of 2'°Bi using a low-background beta counter.

Total mass fluxes from the shelf edge and slope in the Fall of 1995 range from 0.48 to
9.1, J.2 to 5.9, and 9.7 to 23.3 mg/m2/day at Stns. F-8, F-6, and F-4, respectively.
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Fig. 1 Location of the sediment
trap experiment

Fig. 2 Sediment trap mooring strategy for
a short-term deployment at Transect F.
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Total mass fluxes show a general tendency to increase with depth, especially showing a

very large increase at near bottom.

Vertical profile of 239+240Pu concentrations in settling particles is shown in Fig.3.

239+24opu concentrations increase with depth from 1.8 mBq/g at 97 m depth to 3.0

mBq/g at 120 m depth on the continental shelf edge (Stn. F-8) and range from 3 to 4

mBq/g below the depth of 120 m. Vertical profile of 239+24opu fluxes is shown in Fig.4.

There is a clear tendency for 239+24opu fluxes to increase with depth at each stations.

Highest 239+240Pu fluxes are observed in near-bottom at each stations.
2|0Pb concentrations in settling particles increase with depth from 0.70 Bq/g at 97 m

depth to 1.35 Bq/g at 592 m depth. It could not be explained that these increases are due

to degradation of organic matter during the descent of settling particles and uptake of

2!0Pb by settling particles. 2iopb concentrations in surface sediments are lower than

those of near-bottom samples. The large fluxes and increases of 2H>Pb with depth also

could not be explained as coming from resuspension of surface sediments.

These results suggest that lateral transport process occur on the continental margin in

the East China Sea.
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Fig.3 Vertical profile of Pu-239+240
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2l0po/2i0Pb disequilibria in the shelf edge of the East China Sea
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The uranium-238 series radionuclides 2iopb (tV2 = 22.3 yr) and its daughter 2iop0 (t] /2 = 138

days ), are important tracers in the marine environment. They are especially useful for studies on

material transport scavenging processes within relatively short times and on the mechanism of

material transport from coastal zones to the open sea, because they are highly reactive to the

particulate matter and is rapidly removal from the water column. In this study, we present

measurements of 2iop0 and 2iopb concentrations in seawater and the calculated rates of removal of

these radionuclides from the water column in the shelf edge of the East China Sea. Profiles of 2iopD

and 2iop0 were determined at several stations during the MASFLEX (Marginal Sea Flux Experiment

in the West Pacific) project cruises in the East China Sea (Fig.I). Since we analyzed unfiltered

seawater, the data presumably represent the ,. _o M

total concentration in seawater. Vertical

profiles of 2iop0 and 2iopb on September 95

in the East China Sea were shown in Fig. 2.

The concentrations of 2iopb in the Kuroshio

Current region were higher than those in the * «o *.

coastal and shelf waters and the

concentrations of 2iop0 and 2iopb decreased

rapidly in the area from the Okinawa Trough

to the East China Sea. They were scavenged

by high concentration of particulate matter in

the coastal and the shelf water. The

concentrations of 2 |0Pb, were from 20 to 28

dpm/1001 in the surface, decreased gradually

to 10 dpm/1001 below the depth of 600 m in

F2. But these concentrations were increased

in the bottom layer in the shelf edge of the
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Fig. 1 Sampling locations
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East China Sea. On the other hand, the concentrations of 2iop0 in the surface were 10 dpm/1001,

increased gradually to 20 dpm/1001 in the middle layer. The 2iop0 deficiencies relative to 2iopD w ere

recognized in the surface and deep layer. But below the subsurface, the 2l0Po enrichments relative to

2iopb occur and extend to a depth of at least 500 m. The inventries of 2!0Po enrichments relative to

2iopb in the middle layer were almost equal to those of surface depletion. Bacon et al.(1988)

suggested that a similar phenomenon was observed in the open tropical Atlantic and was attribute to a

efficient recycling of 2iop0 with the upper thermoline. The concentrations of 2iop0 was almost

constant within the shelf of the East China Sea in the winter. The scavenging residence times of 2|0Po

within the shelf area in winter were 5-10 months, and these within the shelf edge area were ranged

from 0.3 to 1.2 years in summer and winter. Although the concentrations of 2'°Pb and 2lopo in the

East China Sea were changed in the seasons, these reactive nuclides were scavenged from the water

column within a short time in the surface of the shelf of East China Sea.

0
0
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1000
Fig. 2 Vertical profiles of polonium-210 and lead-210 in the East China Sea
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The actual Brazilian oil production is of 1 million barrels daily. About 70% is produced
on the off-shore oil field called Bacia de Campos localized between Campos and
Macae, Estado do Rio de Janeiro, 60 km far from the coast, with more than 30
platforms in operation (Fig. 1).
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Figl: Oil production areas in Brazil

High levels of 226Ra and228Ra are present in the formation water. During the oil
production, radium is released together with the produced water, or precipitated as
radioactive scales on pipelines and separation tanks.

Due to the totally different radiological protection question involved, two
research projects have been started at this site. One related with the occupational
aspects, and the other with the radium releases to the marine environment. However, it
must be clear that both aspects are complementary, since the scale formation reduces
the radium releases together with the produced water.

The produced water consists of the mixture of formation water (the water
naturally present in the reservoir) with flood water injected into the formation. Also, in
order to maintain the production, sea water may be injected into the formation.
Therefore, the produced water composition depends upon the relative proportion of
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formation water versus injected sea water. Since the formation water is rich in barium
and strontium and the sea water rich in sulfate and carbonate, the concentration of
radium in produced water tends to have the highest values during the first phase of
production, when the proportion of sea water is the lowest. On the other hand, later in
the life of the off-shore platform, the presence of radium in produced water is reduced,
but the scale formation on pipelines and separation tanks becomes a problem.

One liter produced water, from several platforms, was taken into glass flasks, and
the sample filtered with quantitative grade paper filter. One hundred milliliters diluted
with deionised water to one liter. Twenty milligrams of barium added, and barium
sulfate precipitated by sulfiiric acid addition. The barium sulfate purified as described
by Godoy et al., including a barium/strontium separation step as barium chromate.
Twenty days later, 226Ra and 228Ra were determined based on the alpha and beta
counting rate obtained using a low level proportional counter. The content of barium
and strontium content in produced water was analyzed by ICP-MS.

Until the present moment, effluent samples from six different platforms were
already analyzed (Table 1). Despite of the apparently high values found, they are in
agreement with the reported in the literature. The platforms Namorado 1 and 2 are the
oldest, and, as explained, are those with the lowest radium content in the effluent.
Scales are found in these two platforms, one sample of such deposits was analyzed by
gamma spectrometry, the 226Ra and 228Ra concentration found were (34+3) kBq.kg1

and (24+2) kBq.kg'1, respectively. The few number of samples analyzed until the
present moment do not allow a statistical evaluation of the correlation between the
radium, barium and strontium concentrations, but the results obtained indicate such
tendence.

Table 1: Dissolved Ra and Ra concentrations in the liquid effluent of oil off-shore
platforms of Bacia de Campos.

Platform
Pargo
Pargo
Pampo

Namorado 1
Namorado 1
Namorado 2

Cherne
Garoupa

226Ra (Bq.L1)
(6.0+0.7)
(2.5±0.2)
(2.3±0.2)

(0.016±0.006)
(0.06±0.02)
(0.08±0.02)

(2.7±0.2)
(3.7±0.3)

^Ra^qL1)
(8.2±0.4)

(12±1)
(1.6±0.3)
<0.053

(0.19±0.05)
(0.10±0.05)

(1.2±0.2)
(8.1±0.9)

Ba (mg.L1)
25.0
25.7
—
2.7
1.4
2.1
8.0
15.8

Sr (mg.L-1)
442
471
—
—
144
156
180
216
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PRELIMINARY RESULTS ON LABORATORY SIMULATIONS OF THE
DECOMPOSITION OF THE GREEN ALGAE ULVA R1G1DA
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University of Athens, Department of Chemistry, Division III, Environmental and
Marine Chemistry, Athens, Greece, Panepistimioupolis 15771.

The Viva Rigida is a cosmopolitan green algae characteristic of many
eutrophic and mesotrophic coastal environments. The effect of its growth and
decomposition on the cycle of trace metals has been studied by Scoullos and Kaberi
(1991) and Kaberi (1996) using enclosures in the site Loutropyrgos over a number of
years.

The present study is a continuation of that research. Its main aim was to
simulate a number of the field experiments in the laboratory, under more controlled
conditions and understand better the impact of the decomposition of algae on sea
water and sediment.

Three metals were studied in more detail : Cd, Cu and Zn. Fresh sample of
algae collected from Loutropyrgos - a site in the Gulf of Elefsis, approximately 30
Km west of Athens - was placed in specially designed tanks under controlled light
conditions in sea water collected frequently from the same site, spiked with metals
and renewed daily. After the enrichment period of approximately one month, during
which algae tissues and water were regularly analysed for trace metals, the algae were
cleaned in clean sea water for few days. Then they were left under controlled
conditions to decompose and release metal into the water and sediment phases.
Betonite of known low metal content, washed and equilibrated for three days in clean
sea water of the area was used as the "model" sediment phase. Temperature, dissolved
oxygen and pH were monitored in the experimental tank throughout the period of the
decomposition of the algae. Cadmium, Copper and Zinc concentrations were
determined in sea water, suspended matter, sediment and algal tissues. Further
description of the experimental conditions and the relevant results will be given
elsewhere.

Perhaps the most impressive of the results reported here is the very high
percentage of the particulate metal deriving from the decomposition of the algae. This
metal is rapidly removed and deposited to the sediment. 76,5% of the Cd of the algae
ended in the sediment whereas 23,5% of it remained in the water column. The
relevant percentages for Cu and Zn are 98,5% and 99,3% respectively, ending to the
sediment and only 1,5% and 0,7% remaining in the solution. The higher tendency of
Cd vs Zn to remain in the diluted phase, has been demonstrated by Scoullos and
Pavlidou (1997), under the same environmental conditions in speciation studies in the
Gulf of Elefsis.

This demonstrates the significance of marine biota and more specifically of
massively growing algae in mesotrophic and eutrophic environments for the
"trapping", transformation and release of metal species in the relatively narrow and
shallow coastal zones where they grow and/or are accumulated.
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A second question this study has tried to answer was the assessment of the real
impact of the mechanism studied to the natural environment of the site from where the
algae were taken, namely Loutropyrgos. For the purpose of the assessment a simple
model was developed taking into account the actual growth patterns and the Ulva
rigida biomass of the study area. The assumption made was that the metal contained
in Ulva rigida in natural conditions (therefore of lower metal content) will have, after
decomposition, the same fate and partitioning as the one in the laboratory experiment.
The results are summarised in Table 1.

Cd (ug/lt)
Cu (ug/lt)
Zn (ug/lt)

before the decomposition
0,3
3,2
11,8

after the decomposition
0,8
3,4
12,3

Cd (ug/g)
Cu (ug/g)
Zn (ug/g)

before the decomposition
4,5
23,1
112,9

after the decomposition
4,6
23,5
114,3

Table 1 Cd, Cu and Zn concentrations in sea water and sediment, before and
after the decomposition of the green algae according to the model
for the marine area of Loutropyrgos.

What one could see is, in our point of view, very interesting. One could
observe that the massive growth of algae has a rather small, yet measurable, effect on
the natural speciation and the removal trends of the metals studied, affecting to a
rather limited extent the conditions of the immediate environment where they grow.

This effect is more obvious for Cd in the dissolved phase, in the water column
and for Zn in the particulate phase, in the sediment.
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During 1994, in comparison to the releases over the previous decade, the authorised
discharges of "Tc into the northeast Irish Sea from the nuclear reprocessing plant at
Sellafield were significantly elevated. The increase in discharges resulted from the
additional reprocessing operations of the Enhanced Actinide Removal Plant (EARP).
This treatment plant was commissioned to reduce alpha and beta activity from effluents
prior to discharge. The initial discharges in 1994 consisted of essentially two distinct
99Tc pulses and provided an unique opportunity to study the migration behaviour of
conservative radionuclides in UK waters [1]. A study, carried out following the initial
release indicated that the most rapid migration of 99Tc from the outfall to the North
Channel was less than 3 months and the mean transit time was estimated to be in the
order of 6 months [2]. Furthermore, comparison of UK coastal surveys, prior to and
post EARP, suggest that the leading edge of the first 99Tc pulse had migrated to the
northern North Sea within some 9 months.

During 1995 and 1996 the pattern of 99Tc discharges changed in that, although the
releases remained elevated, the mondy discharges were relatively constant. Recent
surveys of the Irish Sea and UK waters were carried out in May 1995, December 1.995
and December 1996.
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Fig 1. Distribution of 99Tc (m.Bq/1) in
surface seawater: in December 1995 (a)
Irish Sea (b) UK waters
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Using the recent survey data, this paper provides information of the longer term
dispersion behaviour of 99Tc seawater from a continued discharge period. The contour
map of 99Tc distribution in the north Irish Sea (Fig la) shows that in comparison to
previous surveys [2] levels were increased over the entire Irish Sea. Although
migration occurs predominantly to the north, the impact of the discharges was also
significant in the southern Irish Sea. Further afield, it is apparent that the initial plume
from 1994 becomes elongated around the north of Scotland and into the North Sea
(Fig lb).

Additionally it has been possible, using these data and previous surveys, to estimate
99Tc inventories in the water column of the Irish Sea (Table 1). Overall, the data
suggest that in 1995, =71% of the discharge was transported out of the Irish Sea over
the twelve month period. In turn, this implies that the residence half lime for 99Tc is
-6-7 months which is shorter than that of 1 year as previously reported [3].

Table 1. Estimate of 99Tc inventories (TBq) in the Irish Sea

Cruise

12/92
11/93
6/94
12/94
10/95

Inventory
in northern
Irish Sea *
(TBq)

3.5
4.8
29.0
30.5
61.8

Inventory
in entire
Irish Sea #
(TBq)

6.1
7.1
34.4
37.9
93.8

Year

1992
1993

1994
1995

Annual
Discharge
(TBq)

3.2
6.1

72
192.1

* refers to area from 54.0°N- 55.1°N and 2.5°W-6.5°W.
# refers to area from 52.2°N- 55.1°N and 2.5°W-6.5°W.
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Strangford Lough, located on the north-east coast of Ireland, is a marine nature reserve
of great ecological importance. It has an area of 16.5 kha and is connected to the Irish Sea by
narrows through which tides surge and swirl at up to 8 knots. Away from the central channel,
much of the lough's seabed is covered by fine silt and mud and, as such, is a potential sink
for particle-reactive radionuclides introduced via the Irish Sea following radioactive waste
discharges from Sellafield.

In this paper, we first synthesize published data on artificial radionuclide levels in the
lough and interpret these data in the context of historic discharges from Sellafield. We then
evaluate the current status of the lough using data derived from an extensive sampling
campaign carried out in the lough in September 1997. In particular, we focus on the spatial
distribution of radionuclides in the lough, the partitioning of these radionuclides between key
environmental compartments (e.g., water, sediment and biota), the chemical speciation of
multivalent nuclides in lough waters, measured radionuclide fluxes through the narrows at
ebb and flood tide, and calculated radionuclide inventories in lough sediments and in the
overlying water column. Finally, some comparisons are made between the results of this
study and those from previous studies carried out by our laboratories in Carlingford Lough
[1], Lough Foyle [2] and in the western Irish Sea [3,4].

Time-series data spanning the past decade demonstrate that while 137Cs concentrations in
the lough have fallen steadily in recent years, plutonium and americium concentrations have
remained virtually unchanged. This pattern is consistent with the trend observed for the same
nuclides in the western Irish Sea [4].

Total plutonium concentrations in lough waters are at least an order of magnitude higher
than those observed in open ocean waters affected solely by global fallout and indicate that
Sellafield-sourced effluent has penetrated lough waters. Measurement of the 238Pu/239l24OPu
activity ratio (0.20 ± 0.02; n= 12) provides unambiguous evidence of the latter and shows
that at least 95 % of the current plutonium inventory in the water column is attributable to
Sellafield. Concentrations within the lough reflect the salinity gradient, decreasing by at least
a factor of three from the narrows to the head of the lough. On average, 25% of the
plutonium in the water column is found to be associated with suspended paniculate matter, a
value typical of western Irish Sea waters [1,3]. However, the bulk of the plutonium and
americium within the system resides in the muddy sediments (and salt marshes) that abound in
the lough.

The chemical speciation of plutonium in filtered water at two well-separated stations
within the lough are given in Table 1. The speciation was found to be identical at both of the
stations, with most of the plutonium in an oxidised form, i.e., as Pu(V). This is in good
agreement with published data on plutonium speciation in Lough Foyle (situated on the north
coast of Ireland) and in the western the Irish Sea [2,3], but contrasts with the findings in
Carlingford Lough, where most of the plutonium was found to be in a reduced chemical
form, i.e., as Pu(IV) [1]. These differences have been explained in terms of the presence of a
significant colloidal component in the latter [1, 3].
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Although measured plutonium and americium input and output fluxes through the
narrows of the lough were virtually indistinguishable from one another, there is evidence,
based on the analysis of a limited number of sediment cores, that the lough sediments are
acting as a sink for plutonium and americium. Sediment radionuclide inventories were
estimated for 137Cs, 239i24OPu and M1Am and are given in the paper.

TABLE 1. Percentages of 239l24OPu(V) in filtered sea water in Strangford Lough in September
1997 and comparison with other nearby marine environments

Location % 239>M0Pu(V) in filtrate

Strangford Lough (Stn. Wl) 87 ± 1
Strangford Lough (Stn. W3) 85 ± 1

Lough Foyle (1992) 90 ± 4 (n=2)
Carlingford Lough (1989) 30 ± 15 (n=3)
Western Irish Sea (1989) 83 ± 7 (n=6)
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A RADIOACTIVE ENVIRONMENTAL CONTAMINATION MONITORING MATRIX -
APPLICATIONS AND USES.

Dr. Anthony James Morris.
Southampton institute, Maritime Faculty, East Park Terrace, Southampton, SO 14 OYN. UK

Radionuclide discharges from nuclear sites represent a significant potential source of marine
pollution. Within the United Kingdom (UK) alone twenty-one principal nuclear sites discharge
effluent into coastal waters. Based on research into the monitoring activities undertaken by
individual sites of the UK nuclear industry for the period 1986-1992, a theoretical model suitable for
analysing the implications of environmental contamination by radioactive discharges and emissions
was derived. The concept of primary, secondary and tertiary contamination is used to assist in the
understanding of how physical and biological processes effect, and are effected by, environmental
radionuclide contamination. The movement of primary contamination is governed by the transport
processes of the Air, Land and Water 'environmental systems'. When combined with the physical
and chemical nature of abiotic environmental media, these processes result in certain environmental
regions accumulating contamination in greater quantities than others. These represent 'key' regions
where monitoring activities should be concentrated due to the likelihood of them containing the
highest contamination levels.

The spatial distribution of primary contamination allows a zone of contamination (ZOC) to be
established within which secondary and tertiary contamination of lifeforms may occur. 'Key'
bioindicator lifeforms and by-products from both the marine and land-mass ecosystems have been
identified. These biotic criteria were selected on the basis of either their indicator abilities of
accumulated contamination within the local ecosystem or their presence on the 'critical'
environmental exposure pathway to humans. Thus, the biotic criteria selected represents a
combination of commercial, non-commercial and domesticated lifeforms and by-products.

Using these biotic and non-biotic environmental indicators a list of common criteria for monitoring
has been derived and are collectively referred to as the Radioactive Environmental Contamination
Monitoring Matrix (RECMM) (Table 1). The comparable nature of the criteria has allowed a
number of analyses of the environmental monitoring data gathered by the individual sites of UK
nuclear industry, including:

• The identification of the effectiveness of individual site monitoring programmes (Table 2).
For example, the Amersham International site north of Cardiff samples river water but does
not detect any discernable contamination. Resources would be better utilized if the
underlying sediments, which tend to accumulate radionuclides, were analysed instead.

• Assessment of monitoring policy, e.g. the relationship between discharge levels and site
monitoring activities, the effects of rationalisation in an increasingly commercial climate and
identification of changes in methodologies used on an industry-wide basis.

• Using the results of site environmental monitoring programmes to identify contamination
levels. By using RECMM it has been possible to assess environmental contamination levels
at a variety of scales using this data, ranging from site level to regional and national extent.
RECMM has proved to be especially useful when considering the dispersion of radionuclide
discharges through the marine environment.

Thus, RECMM has allowed a variety of environmental management factors to be analysed including
contamination levels at a variety of geographical scales, assessment of monitoring efficiencies and
technological changes. Though developed for the UK the nature of the model and RECMM criteria
allow it to be used universally with only minor adjustments.
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Environmental Systems Lifeforms Environmental Regions

Air Marine Estuaries
Airborne Participates Seaweeds Flocculation Zones
Atmospheric Gases Crustacea Harbour Basins
Water Vapour Mollusca Other Fine Sediment Areas
Precipitation Fish (demersal and Pelagic) Salt Marshes
Direct Radiations Sea Birds Wetlands

Sea Mammals On-shore Nutrient Poor Areas
Land
Pedon Terrestrial
Soil-Water Crops
Capillary Water Vegetables
Groundwater Grass/Herbage

Wild Plants
Water Commercial Meat Animals
Fresh Water Milk
Freshwater Sediments Wild Herbivores
Sea Water Wild Carnivores
Seabed Sediments Birds
Inter-tidal Sediments

Table 1 The Radioactive Environmental Contamination Monitoring Matrix (RECMM). (From
Morris 1997)

AWE(A) AWE(B) DRPS Harwell Winfrith Amersham
(Cardiff)

Water system

FreshWater • O • O •
Fresh Water Sediments • • • O D
Sea Water
Sea Bed Sediments • O O
Inter-tidal Sediments O • O

Marine Lifeforms

Seaweeds Da Da O * a • O
Crustacea O • O
Mollusca O • •
Fish Da Da « a O •
Seabirds
Sea Mammals

Key : O - Sampled, no discernible site contamination.
• - Sampled, discernible site contamination.
D - Add to programme. ^
• - Delete from programme.

Notes : a - fresh water algae and fish.

Table 2 Summary of marine monitoring activities around non-nuclear fuel cycle sites based on
RECMM. (Based on Morris, 1997)
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Effet de la pollution sur la composition specifique et 1'abondance du
zooplancton dans les eaux cdtieres syriennes

M. BAKER & H. DURGHAM
Marine Research Institute - B.P: 2242-Tishreen University - Lattakia- SYRIA

La comparaison de la composition specifique du zooplancton, des eaux
relativement polluees avec d'autres considerees propres, fait l'objet de ce premier
genre du travail dans les eaux cotieres syriennes. Une difference nette a ete enregistree
en nombre d'especes determinees et dans la composition specifique pour les deux types
d'eaux.

Notre etude est basee sur 142 echantillons, pris lors de 36 sorties en mer. Elle a
ete realisee en deux regions : La premiere est en face de Lattaquie (mars - octobre
1991 et avril-octobre 1992); la deuxieme est en face de Banyas (juin 1995-juin 1996),
avec une sortie par mois en moyenne. Les echantillons ont ete collectes en surface (-
0,5m) a l'aide d'un filet de type WP2 (200 u.m de vide de maille, 176 cm. de diametre et
56 cm. de diametre d'ouverture) et avec une duree de peche de 5 minutes. Dix stations
a caracteristiques ecologiques differentes ont ete retenues: quatre d'entre ellesse
situent dans la region de Lattaquie et six autres dans la region de Banyas; ces stations
ont ete reparties entre stations de references et stations sujettes a differentes types de
pollution (urbains, petrolier et thermique). les mesures hydrologiques concernant la
salinite et la temperature ont ete eftectuees simultanement avec les peches et celles
chimiques (sels nutritifs) ont ete realisees plus tard au laboratoire. La determination du
zooplancton est faite jusqu'a l'espece et le comptage des individus de chaque espece est
realise dans des sous-echantillons. L'abondance (ind./m3) des differentes especes a ete
calculee en divisant le nombre d' individus dans l'echantillion sur le volume d'eau filtre
par le filet (calculee a son tour, a partir de la longueur du trajet parcouru par le bateau
et l'ouverture du filet).

Resultats:

Plus de 170 especes zooplanctoniques ont ete determinees dont 78 copepodes,
soit 51% de la diversite du zooplancton, dans la region de Lattaquie (Mayhoub et a!.,
1996). Le nombre d'especes a ete, remarquablement, plus eleve dans la region de
Banyas avec 300 especes dont 119 copepodes (36.6% de la diversite totale). Tous les
groupes zooplanctoniques mediterraneans ont ete' presents dans les eaux etudiees. II
parait que la pollution agit, d'une facon ou d'une autre sur la composition specifique
du zooplancton; le nombre total d'especes definies, dans la region de Lattaquie, a
oscille entre 71-89 aux stations polluees et 115 especes dans la station de reference.
La difference entre les stations de Banyas a ete plus moderee ou ce nombre a varie
entre 124 et 166 especes; la limite superieure a ete enregistree dans des station
relativement propres. Du meme, l'indice de diversite (I=S-l/logN, S: nombre
d'especes et N: abondance/m3) a montre aussi certaine variation suivant la nature
ecologique des stations etudiees (Moyen = 3.94-4.7 bits.ind. a Lattaquie, et 5.25-7.66
bits.ind. a Banyas); les fortes valeures dans la region de Banyas, sont dues a la faible
abondance du zooplancton dans cette region ou l'abonance maximale n'a pas depasse
3100 ind./m3 contre plus de 10000 ind./m3 dans la region de Lattaquie. Par ailleurs,
les valeures maximales de l'abonance se sont engistrees dans des stations riches en sels
nutritifs azotes (ayant les effluents urbains comme origine principale).
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Tableau 1
Valeurs des principaux paramètres étudiés

Les copépodes ont formé, souvent, plus de 80%
de l'abondance totale du zooplancton.La majorité
d'espèces sont communes à toutes les stations
dans chaques région; mais, des espèces spécifiq-
ues ont caractérisé chacune de dix stations. Les
espèces du genre Acartia et surout A. grani et
A. discaudata sont, presque, limitées aux
stations polluées en hydrocarbures; cela a été
constaté par plusieurs chercheurs (Patriti, 1934).
Les larves des crustacés ont, aussi, marqué leur
diversité et leur abondance maximale dans des
stations polluées par les rejets urbains.

nd: non détecté
Nous avons calculé le coefficient de corrélation entre le nombre d'espèces

déterminées et les différents paramètres hydrochimiques illustrés dans le tableau (1).
Une corrélation négative a été trouvé entre le nombre d'espèces et les concentrations
de sels nutritifs azotés; le coefficient de corrélation était de l'ordre de-0.31 pour le
nombre d'espèces et les nitrates; cette relation est illustrée par une régression liniaire
(figure 1). La diminution du nombre d'espcèces dans des eaux polluées en comparaison
avec d'autres propres en voisinage a été également remarqué par Pessani et al. (1980)
et Kocatas et al. (1984).

Paramètres

Temperature
Salinité %o
NO3 («g/1)

NO2 («g/1)
NH4 («g/1)

PO4 («g/1)
Nb.d'espèce
Ind. diversité
(bits.ind.)
Ab.(ind/m3)

Région de
Lattaquié
15-32
24-40.4
nd-17
nd-0.7
nd-4.5
nd-1.4
71-115
3.94-4.7

16-10000

Région de
Banyas
16.6-36
33.3-40.6
0.8-27.2
0.02-0.63
0.009-3.5
0.02-14
124-166
5.25-7.66

10-3100

10

« Nb.esp

—O— Predicted Nb.esp

1 1— —

Figure ]_: relation entre le nombre
d'espèces et la concentration de
nitrate dans la région de Banyas.
y= 40.50- 0.885(x)
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LAND-INDUCED MODIFICATIONS OF MARINE ECOSYSTEM
IN BOKA KOTORSKA BAY

Dubravka Regner and Sreten Mandic
Institute of Marine Biology, 85 330 Kotor, Yugoslavia

The purpose of our paper is to establish the changes of some components
of marine ecosystem in Boka Kotorska Bay, caused by land - based sources,
predominantly.

Boka Kotorska Bay and Surroundings

Boka Kotorska Bay is the largest, and one of the most interesting gulfs of
the eastern Adriatic coast. Its total lenght is 15 NM, and maximal depth 60m.

Owing to its history, archeological sites, monuments and museums, it is
under UN protection. Consisting of three bays: Kotorsko-Morinjsko-Risanski
(inner), Tivatski (middle) and Hercegnovski (outer) it opens to the Southern
Adriatic, the deepest and the most maritime part of the Adriatic Sea.

At the same time, owing to its shape it is exposed to the strong impact of
all human activities from the land. A population close to 60.000 inhabitants lives
at ihe coast. Tourism with more than 160 000 tourists yearly is an important
activity, while industrial activities includs chemical and even some heavy
industry. Adjacent hinterland is fertile woodid area. The problem of waste -
water discharges is still unsolved.

Environment of the Bay

Although Boka Kotorska Bay is exposed to the combine influence of
fresh-water discharges (submarine underwater springs, river mouths,
underground tributaries from hinterland and more than 70 waste-water
discharges), urbanisation, touristic activities,discharges from ships and
fishingboats, the environment is not heavy polluted, yet. Relatively high depth,
strong fresh-water inflow (during rainy periods, especially) and topography result
that outgoing surface current prevail. Its speed is 26 cm/s throughout autumn and
up to 17 cm/s during summer and winter. At higher depths incoming direction
prevails, with lower speeds in the inner and middle parts of the Bay (Mandic,
1995).

Considering hydrographic properties, surface mean temperatures of the
whole bay varies between 10.55 and 26.62° C, with the most intensive oscillations
in the shallowest Kotor Bay. Salinity is between 3.24 and 37.39 ppt. Due to the
freshwater impact, the lowest values were found in Kotor Bay, too. Sea-water
density is from 3,39 to 27.98 with maximum in front of Hercegnovi. Oxygen
concentration is between 5 and 9 ml O2 dm'1, indicating high primary production,
while phosphate reaches 1.23 - 9.34 |amol dm"1 with maximum in Kotor Bay near
the waste-water discharges. (Regner, D et al, 1996)
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Evaluations of the eutrophication level

Red-lide events were observed for the first time in Kotor Bay in summer
1975.

On the basis of recent investigations ((Regner, D et al, 1996), at nearly 30
localities low transparency (3-6m) may be find occasionally in Kotor and Tivat
Bays, as the changed colour of the coastal sea -water (greenish to yellow or even
brownish). At the most threatened localities near waste-water discharges, from
time to time (troughout summer), high bacterial concentration (>104 dm1) can be
find, high microphytoplankton concentration (103 -106 dm'1) and the presence of
Chaetoceros affinis and another 13 species, indicators of eutrophication
(Vuksanovid et al, 1996).). As the reflection of eutrophication, some changes
have been found at annual cycle of copepod density, too. In the closest part of
the bay-Kotor Bay, unusual summer maximum of copepods (zooplankton)
appeared, but rather high values of their biomass were found in front of
Hercegnovi at the entrance to the bay.

In general, we can conclude that some changes were found in non-living
and even living components of the marine ecosystem of Boka Kotorska Bay,
caused by human impact from the land.
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THE FATE OF NUTRIENTS AND PHOSPHATES IN AKROTIRI BAY, CYPRUS
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The pathways and the levels of the concentrations of nutrients resulting from
the discharge of treated effluents from the Limassol Sewage Treatment Plant (SALA)
and from marine fish farms in Akrotiri Bay were studied through numerical
simulations of the dispersion of phosphates and nitrates. The use of a dispersion
model made it possible to evaluate different courses of action regarding both, the
protection of the marine ecosystem and the development of marine fish farm
activities. Akrotiri Bay is a semi-open coastal sea area in the Eastern Mediterranean
Levantine Basin bounded to the North and West from the south coastline of Cyprus.
Nutrients inputs from the discharges of SALA result in the elevation of the
background levels of nutrients and in particular those of phosphates.

The flow in the Cyprus Basin and wind forces are capable of influencing the
circulation in Akrotiri Bay. The northern periphery of the mid-Mediterranean jet and
the western extension of the Cyprus Basin Cyclonic Eddy contribute to the formation
of a local eastward flow in spring and autumn (1996) [1]. The Lagrangian current
meter measurements in the coastal zone of interest confirm a marked seasonal flow
variability, eastward during winter and spring and westward during summer and
autumn [2].

In order to investigate the possible long distance transport and the dispersion
of nutrients in Akrotiri Bay, 2D and 3D flow and dispersion models [3] for
conservative pollutants in a homogeneous water column was applied (the upper
mixed layer reaches down to 30-40 m depth-much deeper than the depth where most
of the fish farm units are located). In accordance with the dominant wind field, the
westerly and easterly sector winds are used to force the flow model. The westerly
sector winds generate in the bay an eastward current flowing along the coastline and a
small scale cyclonic vortex near the western coastline. A reversal of the currents was
simulated in the case of easterly sector winds. Both cases are in agreement with the
observed current measurement [4].

Several numerical experiments have been performed to simulate the pathways
of conservative pollutants for nitrate and phosphate loads from SALA and those due
to existing and planned marine fish farms in the bay. The dispersion models used to
simulate the conservative pollutant concentrations. Nitrates are utilized by
phytoplankton which extrudes part of the assimilated nitrogen because of respiration
and mortality rate, creating detritus, which is remineralized in nitrates. The
aggregated formulation is conservative under the simplifying hypothesis that the non
conservative processes of the nitrogen cycle are in dynamic balance [5], The existing
nutrient loading of the marine environment in Akrotiri Bay is 22 tonnes of Nitrogen
and 4.4 tonnes of Phosphorous per year. The model simulations for dissolved
nitrogen and phosphorous indicate that the SALA sea outfall and the marine
aquaculture production increase these nutrients by 0.14 mmolN M-3 and 0.04
mmolP M-3. The present nutrient loading in the area, based on in-situ measurements,
results in 100% and 15-30% increases of the winter background levels of phosphate,
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at a distance of 4 and 10 km from the SAL A outfall respectively [6]. The % increase
of phosphate concentrations during spring and summer periods are much higher as
the background levels are practically zero.

Westward simulated dispersion of phosphates
in Akrotiri Bay from existing sources
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Plutonium and Americium have been studied in the Bombay Harbour Bay environs
receiving the low level treated radioactive effluents from Bhabha Atomic Research Centre, for
about two decades. Sea waters (239+240Pu: 0.03 -2.6 mBq.l"1,241Am: <0.006- 0.9 mBq.l"1), coastal
and bottom sediments C239"24^ : 0.028-8.38 Bq kg' .^ 'Am: <0.01-3.1 Bq kg1) showed slightly
elevated concentration of the radionuclides around the discharge area. Values across the other
shore and at the mouth of the Bay are at fallout levels (Sea water "y t 2 4 Opu :O.O1-O.O33 mBq I ,
241Am: <0.006 mBq I"1 and Sediments 2394240pu :0.O38 -0.098 Bq kg'1, 241Arn:<0.01 Bq kg1).
These are comparable to the reported fallout levels(1).

2'Schorge Area

- <J. 1 Spalic! ore temcorc! variations ol Pu contents in :eo wa'e
ond sed'rrenls around discharge arsa.

FH; 2. 'JP':li';l :"' ; ^ " ' t ' 3 ' 1 i<:ria\:em of Am ran!enr, .-
sea nr.\:; jnd iedimenls cround iischcrqe are:
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Table-1
Spatial variation of23> 24°Pu and 21lAm in Bombay Harbour Bay

Mean concentration Mean concentration
Location Sea water (mBq I"1) Sediment (Bq kg1)

(km) Pu Am Ratio* Pu Am Ratio*
Pu Am Pu Am

3-11 North
Discharge Area
3-7 South

0
1
0

.62
30
.44

0.25
0.43
0.07

2.10

2.95

1

6

.72

.14

2.
4.
I.

2
3
4

0.
1.
0.

57
14
35

1

3

.95

.1

2

3

.0

.26

Note : Higher ratio indicates less transport towards that direction and vice versa.
Concentration in discharge area

* Ratio =-•
Concentration in north or south

Temporal variation in the concentration of 2J9'240Pu in sea water and the sediments of the bay
for the last seven years between 1988 to 1994 is negligible There is a very small but steady
increase in 241Am concentration in sea water with time. Temporal variation of the concentration
of 241Am in sediments is negligible.

Studies on seasonal variation in sediments between pre and post-monsoon for 2394240Pu
concentration did not show any perceptible change due to monsoon.

The spatial variation along the Trombay shore of the Bay as shown for 2V"240Pu and 24lAm
in Fig 1 and Fig? indicated a decrease of plutonium and americium concentration on either side of
the discharge area by a factor of 2 to 10. However, there is a net northerly transport of 239+240Pu
and 241Am from the discharge area through sea water and sediments. This is indicated in Table-1,
where the ratios of the concentration of 239<240Pu and 241Am in sea water and sediments from
discharge area to those in the north or the south are given. Higher ratios for 239l240Pu and 24lAm in
the south and lower ratios in the north suggest a net northerly transport of 219'24t>Pu and 241Am.

There is no preferential accumulation of these radionuclides in salt(4).
Distribution Coefficient, Kd, values for the sediments for 239t240pu and 24lAm are 1.06xl05

and lxlO6 respectively. The Kd values in the present study are comparable to IAEA values12'.
Bioaccumulation Factor, Bp, for pelagic fish and benthic crustaceans obtained are 140 and 670
respectively for ^ ' '^"Pu and 180 and 1050 respectively for 241Am <4) and are higher by a factor of
2 to 4 compared to IAEA values*21. The Bp values obtained in the present study for benthics are
higher by a factor of 2 to 5 compared to the values for the pelagic.

The total internal dose to the critical population of fishermen and to a member of the public
due to 239+240Pu and 241Am through ingestion offish and salt works out to O.57|aSv y"1 and 0.154
fiSv y"1 respectively, compared to the prescribed limit of 1000 |iSv y ' U> Thus our values are
lower by a factor of 1750 for critical population and by 6500 for a member of the public.
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Po-210 in Marine Ecosystem of North China Coastal Waters
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Polonium-210 in marine media samples collected from 4 coastal areas of North China was

studied,The data shows a slight enhancement of its concentration in the water and sediment in

Huludao but not in Penglai where there is a phosphate fertilizer plant.which may be due to the use

of dry processing technique. The data of concentrations of polonium-210 in marine organisms

shows that in different organs of same species and in difference species, the orders of

concentrations of polonium-210 are liver >bone >muscle and crustaceans >molluscs >fish.

In marine environment, the natural a emitting radionuclide polonium-210 is only a trace

constituent and the p,y activity constitutes over 99% of the total natural radioactivity in surface

seawater. Marine animals like fish and crustaceans could highly concentrate polonium-210 in

their body especially in liver or hepatopancreas .From the dose point of view, polonium-210 is

usually of great significance to most marine animals especially to their organs or tissues.

Human beings have been suffered from natural radiation exposure both from food consumption

and external exposure. It is said that, to the UK population, about 35% of the internal dose is due

to the radionuclides 2l0Pband 210Po
(1). Although seafoods constitute only a small part of the diet of

the general population, members of coastal communities frequently have consumption rates which

are higher, and occasionally very much higher, than the average. Using the habits survey data for

the people associated with the commercial fisheries in Northwest England, Woodhead.D.S.'21

reported that the consumption of fish by man can result in quite significant contributions to his

total natural background exposure and by far the major source is polonium-210. Our work aims to

study the distribution of polonium-210 in marine ecosystem in the coastal waters of China, its

enhancement arising from some industrial activities like phosphate fertilizer plant, and to estimate

the dose to the critical people.
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IAEA-MEL's AQCS PROGRAMME FOR MARINE RADIOACTIVITY
MEASUREMENTS

M. K. PHAM, J. GASTAUD, J. GAYOL, P. PARSI and P. P. POVINEC
International Atomic Energy Agency, Marine Environment Laboratory, Monaco

The IAEA-MEL has been assisting laboratories in Member States (MS) in Analytical
Quality Control Services (AQCS) for about 30 years (Fig. 1). AQCS through world-wide and
regional intercomparison exercises and the provision of reference materials (RM) has been
recognised as an important component of the Agency's programme. In the early years, the
AQCS programme concentrated on radionuclides in the terrestrial and marine environments
and later it was extended to cover multielemental compositions and organic compounds also
[1].

Following many years of experience in the AQCS programme and the recent
recognition of the great importance of environmental data in economic, ecological and legal
decision-making, the IAEA-MEL has been reviewing whether further steps should be taken to
assist MS in improving data quality. In particular, it is proposed that the AQCS programme
should address in full the complex problem of the total quality management of analytical
laboratories, including in-house harmonisation of the AQCS programme, quality assurance
(QA) programmes and manuals, intercomparison exercises with proper feedback,
development of reference methods, production of certified reference materials (CRM),
accreditation of the Agency's and MS laboratories and training in quality assessment and
control.
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SW-H 71
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Figure 1. Intercomparison exercises - Radionuclides

Recently, the main experimental difficulties connected with the preparation of
intercomparison samples were due to inhomogeneous distribution of radionuclides in Arabian
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Sea sediment (the IAEA-315 exercise has been completed [2]) and the Irish Sea fish (IAEA-
384 is still under preparation). With the increasing sensitivity of analytical methods which
decreases the sample size necessary for analysis, and the production of high precision and
accurate data, the inhomogeneity in samples is playing a dominant role in the proper
evaluation of intercomparison exercises and the production of reference materials.

Further developments in the Agency's AQCS Programme should include proper
feedback from the intercomparison exercises by organising evaluation meetings to understand
analytical problems, to assist MS laboratories with QA programmes and manuals and to
organise QA oriented training and AQCS missions. As an example, we present a typical data
sheet for plutonium in sediment sample IAEA-135. Figure 2 shows that our results are mainly
within a confidence interval of a=0.05, although a few exceptions were observed.

Quality Assurance Control Chart- IAEA 135

I
f
f

290

270 .

250 -

230

210

190 .

170

150

?•-* • • • • • • • • •
« • *

•":"*•<£• \

SS 8 8 8 8

Analytical Daw
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Figure 2. Quality control chart for IAEA-315
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THE IAEA '97 PACIFIC OCEAN EXPEDITION
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IAEA(I)-German(2)-Indian(3)-Japanese(4)-Korean(5)-Swedish(6) Collaboration

The International Atomic Energy Agency's Marine Environment Laboratory
(IAEA-MEL) started in 1995 a five-year project "Research on World-wide Marine
Radioactivity", generously supported by the Government of Japan. In the framework
of the project, IAEA-MEL conducted the "IAEA '97 Pacific Ocean Expedition" to the
NW Pacific Ocean from 21 October to 20 November, 1997. The objectives of the
expedition were to provide new data on the current marine radioactivity in order to
compare them with data sets obtained during national and international surveys at sites
used for radioactive waste dumping or nuclear bomb testing in the NW Pacific Ocean
and its marginal seas.

The expedition was organized in cooperation with Federal Maritime and
Hydrographic Agency (BSH), Hamburg (Germany), Korea Ocean Research and
Development Institute (KORDI), Seoul (Republic of Korea), Physical Research
Laboratory (PRL), Ahmedabad (India), University of Linkoping (Sweden) and five
Japanese institutes : Japan Atomic Energy Research Institute - Mutsu Establishment
(JAERI-Mutsu), Japan Chemical Analysis Center (JCAC), Japan Marine Science
Foundation - Mutsu Marine Laboratory (JMSF-MML), Meteorological Research
Institute (MRI) and Tokai University. Twenty two participants from the five Member
States, including six staff members from IAEA-MEL, took part in the expedition.

The expedition was
conducted using a research
vessel 'Bosei Maru' owned
by Tokai University. Fig.l
shows the route and
sampling stations for the
expedition. The route was in
a triangular shape from
Shimizu (Japan) eastward to
Milwaukee Sea-Mountain
(St. 3), then southward to
the Marshall Islands (St. 6
and 7), calling at Pohnpei
(The Federated States of
Micronesia) and back to
Shimizu. The sampling work
in the NW Pacific Ocean was
carried out at 20 stations,
including 4 GEOSECS

40-

130 140 150 160

East longitude

180

Fig.1 The route and sampling stations
for the IAEA '97 Pacific Ocean Expedition
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stations [1] (St. 2, 2B, 3 and 4) and 7 stations close to the Bikini and Enewetak Atolls
(St. 5B, 6, 6B, 6C, 7, 7B and 7D).

Seawater samples were collected at several layers using large volume water
samplers (LVS), submersible pumps and a CTD system with rosette multi-bottle
samplers (CTD/RMS). Sediment and biota were sampled by a box corer and fishing
rods/nets, respectively. CTD and general chemistry measurements were also carried
out during the expedition. Table 1 gives samples collected and measurements
performed at each sampling station. In total the following samples were collected : 5
sets of large volume water samples with 7-10 depths, surface water samples at all the
20 stations, 12 sets of small volume water samples with 6-18 depths, 15 cores of
sediment samples at 4 stations with 23-36 cm in length, 45 fish samples at 6 stations
with 3 ' different species and plankton samples at 3 stations. Pre-concentration
chemistry was carried out on board to reduce the volume of large volume water
samples by a factor of about 20, so that the samples could be sent by surface freight
from Shimizu to Monaco and to laboratories of the participating Member States.

Table 1. Samples collected and measurements carried out
during the IAEA '97 Pacific Ocean Expedition

(* C : CTD/RMS, L : LVS, W : Surface water, S : Sediment, B : Biota)

Station
1
2

2B
3
4

4B
5

5B
7

7D

Date
23-25/Oct
26/Oct
28/Oct
29-30/Oct
31/Oct-1/Nov
2/Nov
3/Nov
4/Nov
4-5/Nov
5/Nov

Depth (m)
5920
6100
5920
5470
5970

-
4860

-

3500
-

Sample*
C,L, S
C, W
C.W.B
C, L.B
C, W
W, B
C, W
W
C, W, B
W

Station
P

6B
6

6C
7B
8

8B
9

9B
10

Date
6/Nov
9/Nov
9-11/Nov
11/Nov
11-12/Nov
13-14/Nov
15/Nov
16/Nov
17/Nov
18/Nov

Depth (m)
4240

-

4530
-

3690
5490

-
5600

-

6000

Sample*
C, W
W
C, L.S, B
W
L
C,L. S
W
C, W, S, B
W

c,w

Preliminary results obtained by CTD and general chemistry measurements
performed during the expedition are presented in a cruise report issued soon after the
expedition by IAEA [2]. The full analyses of collected samples will be carried out by
IAEA-MEL and Member States' laboratories including those of the participating
organizations. The final results of all the analytical work will be published elsewhere.

In spite of the difficult weather conditions during the first half of the expedition
(five typhoons crossed the sampling stations), the scientific objectives of the expedition
were fulfilled thanks to the hard work and extra efforts of all participants and the ship's
crew. It was the first time in the history of the IAEA that an oceanographic expedition
to the open ocean was fully organized and accomplished by the Agency.
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CAPRELLA WATCH; A NEW APPROACH FOR

MONITORING BUTYLTIN RESIDUES IN THE OCEAN

TAKEUCHI, I.11, S. TAKAHASHI2', S. TANABE2' & N. MIYAZAKI11

^Otsuchi Marine Research Center, Ocean Research Institute,

The University of Tokyo, Japan

2>Department of Environment Conservation, Ehime University, Japan

Pollution resulting from the use of butyl tins (BTs) in the Ocean has been of

great concern due to the deleterious effects on a wide range of aquatic organisms.

Although Japan as well as in other developed countries in the early 1990s placed

restrictions on the usage of tributyltin (TBT) as an antifouling intent for coastal

boats and aquaculture beds, levels of butyltins in the marine environment remain

at high levels.

Recently, we conducted a comparative study on the pollution by butyltins

in the seawater and in various organisms in the marine ecosystem of Otsuchi Bay,

northern Japan. The results show that relatively high concentrations of butyltins

occur in Caprella spp., one of the dominant secondary producers, inhabiting the

algal communities and aquaculture beds, although concentrations in seawater

were less than the detection limit (Takahashi et al. 1998). Caprella spp. are small

amphipod crustaceans with the following characteristics:

1) Well-adapted morphology for clinging to substrata such as algae and hydroids

with reduced appendages which are used for swimming in other amphipods

(Takeuchi & Hirano 1995).

2) Lack of planktonic larval stages (Takeuchi 1989).

3) A shortened generation length of ca. 1 to 3 months (Takeuchi & Hirano 1991,

1992).

4) A high biomass in algal communities (Takeuchi 1998).
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These indicate that the concentrations of butyltins in Caprella spp. reflect the

butyltin residues in the water at the collecting site during the previous few months.

Thus, we propose the establishment of a new monitoring system for the detection

of butyltins using Caprella spp. as a "bio-sensor".
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DISTRIBUTION OF HCH AND DDT RESIDUES IN FISHES FROM BAY OF
BENGAL (TAMIL NADU COAST), INDIA.
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Centre of Advanced Study in Marine Biology, Annamalai University, Parangipettai-
608502, India.

Although pesticide use is low to nil in traditional and subsistence farming in Africa
and Asia. Environmental, public health and water quality impacts of inappropriate and
excessive use of pesticides are widely documented. Fishes are considered as good
biological indicators for monitoring water pollution by organochlorine pollutants (1).
Totally 164 fishes belongs to sixteen species were collected and analysed for
organochlorine pesticides HCH and DDT.

In all the fishes the DDTs concentration were more than HCHs except in Mugil
cephalus, Lates calcarifer and Rastrelliger kanagurta. Fishes from Kanniyakumari have
very low concentration of both HCHs and DDTs than the fishes from other areas.

Regarding the isomeric levels of HCH in fishes, beta isomer was the predominant
one followed by alpha and gamma HCH. Hayes (2) opined that the isomerization of
gamma HCH to beta HCH in the environment might be a key factor for higher levels of
beta HCH reported. Beta isomer is followed by alpha HCH in almost all fishes.

In the case of DDT the percentage of DDE showed predominance over the parent
compounds and the other metabolite DDD in almost all the samples. High concentration
of p,p'-DDE in the samples might reflect the degradation of parent compound in the
environment before accumulation in fishes. Shailaja and Sarkar (3) recorded very high
concentration of DDTs in sediment samples from Bay of Bengal (720 ng/g) than Arabian
Sea (43.3 ng/g). So the sediment could act as reservoirs and might be the source for high
levels of DDT in the present study.

The order of residual mean concentration of HCHs among the sampling locations
was as follows:

Pondicherry > Tuticorin > Madras > Mandapam > Kanniyakumari

But for DDTs a clear decreasing trend was observed from north to south (Figure
1) and the following order was observed.

Madras > Pondicherry > Mandapam > Tuticorin > Kanniyakumari

No species specific isomeric levels were found in the present study and no
baseline study on organochlorine pesticides is available for fishes in Bay of Bengal.so it
is difficult to explain the variation with time and space.
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The analysis of fishes from Bay of Bengal of Tamil Nadu coast clearly
demonstrates a quite low levels of pollution by HCH and DDT which never exceeded the
levels recommended by the U.S.National Academy of Sciences and U.S.National
Academy and Engineering (1972) for the protection of life.
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FIGURE 1. Mean concentration of HCHs and DDTs in fishes from Tamil Nadu coast.
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ENVIRONMENTAL POLLUTANTS IN THE KARA SEA AND ESTUARIES OF OB AND
YENISEY
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INTRODUCTION

The Arctic has been identified as an area that is particularly vulnerable to adverse effects
from environmental perturbations. Renewed attention has been focused on examining levels
and assessing the effects of anthropogenic pollutants found in critical habitats within the
Arctic. In 1993, the Russian-Norwegian oceanographic programme (RusNoP) launched the
scientific program KAREX, an investigation in the Kara Sea and the estuaries of the Ob and
Yenisey. RusNoP is a co-operation between the Arctic and Antarctic Research Institute and
the Norwegian Polar Institute. The primary objective of the KAREX-94 program was to
identify current levels of sediment-bound contaminants in the Kara Sea region and to
elucidate possible contaminant transport routes. Pollutants measured in seabed sediment
samples and an assessment of benthic macrofauna communities are presented in this paper.
Pollutants examined are hydrocarbons, organics, pesticides, and heavy metals. Information on
radionuclides is presented in this symposium by Carroll et. al. The KAREX-94 program also
included analyses performed on suspended matter, ice, and biota. Oceanographic and
geochemical data were collected and are being used to investigate mechanisms for
incorporation of solid materials into sea ice, transport routes of ice out of the Kara Sea, and
deposition of ice-incorporated sediments. The Karex-94 expedition was planned in co-
operation with the Arctic Monitoring and Assessment Programme (AMAP) and the data
obtained has been made available to the AMAP assessment report (AMAP 1997).

Hydrocarbons in Sediments
On the Kara Sea Shelf, concentrations of total non-polar petroleum hydrocarbons (THC)

measured in samples from shallow areas ranged from less than 1.2 mg/kg (detection limit) to
68 mg/kg. The levels represent mild (<10 mg THC/kg dry weight) to moderate (10-100
mg/kg) contamination in these areas. Polyaromatic hydrocarbon (PAH) concentrations were
near background levels at all sampling stations (7-184 (ig/kg) except one (265 |J.g/kg). One
other station, near the Kara Gate (334 |J.g/kg) is classified as moderately contaminated (300-
2000 ug/kg). Concentrations of THC (8-164 mg/kg) and PAH (49-590 ug/kg) measured in
the Ob and Yenisey estuaries were generally higher than on the shelf. Comparing
concentrations within the estuaries, higher PAH levels were detected in samples from the
Yenisey. Concentrations of both THC and PAH are slightly higher than were measured in
previous expeditions.

PCB and Pesticides
Low levels of PCB and pesticides, resembling background levels, were found at most

stations both on the Kara shelf and within the estuaries of the Ob and Yenisey. Moderately
elevated levels of PCB and some persistent organochlorines as well as markedly elevated
levels of DDT were found near the Kara Gate. Moderately elevated levels of DDT were also
observed at two stations in the Yenisey estuary.
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Metals
Heavy metal concentrations (Al,As,Cd,Cr,Co,Cu,Fe,Mn,Ni,Pb,V,Zn,Li,Mo) were

measured in surface sediment samples and sediment cores. The data indicate that, except for
some anomalous As, Cu, and Ni values, the metal levels on the Kara Sea Shelf and in the Ob
and Yenisey estuaries are near or at mean natural background levels of other circumpolar shelf
sediments. Metal concentrations were much lower than anticipated from speculative reports of
extensive contamination for some Arctic marine areas.

Benthic macrofauna
There was a high heterogeneity in species representation and general faunal community

structure across the sampling area. On average, the marine stations sampled contained
approximately 130 taxa, represented by 1 620 individuals per m2, while the estuarine stations
contained around 27 taxa, represented by 600 individuals for the same sampling area. The
biomass at the marine stations was almost 200g per m2, while the estuarine areas contained
only around 26g per m2. Using canonical correspondence analyses, the only significant
environmental variable which explained the faunal variance was mud (particles less than 63(1
in diameter). Certain species showed an affinity with the deep stations, while others were
associated with shallow areas, although water depth in itself was not a significant variable. It
is expected that incorporation of factors related to sedimentation rate and bioturbation will
help to clarify the overall picture.

CONCLUSIONS

The general conclusions of the Karex-94 program are supportive of findings from similar
monitoring investigations conducted for this region. Measured concentrations of most
contaminants are quite low. However, as of yet, contaminant fluxes are not well characterized
and the potential for ice transport of contaminants is still poorly understood. While benthic
macrofauna exhibit high biomass and abundance, environmental controls on community
structure are currently uncertain. Future investigations will help to identify existing linkages
between environmental contaminants and biological communities. In the context of current
projections for industrial development in these Arctic areas and our present knowledge of
environmental "hot spots" in the Russian Siberia, new programs are warranted.
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The agricultural production intensification contributes to wide application
of chemicals for plants protection from weeds, pests and diseases.
Simultaneosly with positive effect the usage of pesticides could lead to
undeserable consequences, mainly it is adverse environmental impact.
Migration and accumulation of pesticides residue in soil, water, air, plants
and other features of biosphere could affect future crops yield ,
also animals and people. In this connection pesticides content control
and studies of their behaveor and residue detoxicau'on in difference
natural features has acquired great significance. Such control is carried out
by Hydrometeorological Service - state service for survey and
environmental pollution control. Within the framework of Agreement
between Republic of Moldova and Romania (1987) and Danube River
Protection Convention (1991) is taking observations on Prut, Danube and
Nistru rivers. During the mentioned period 210 samples (1050 compounds)
was collected and analysed. The surface water samples was analysed by
pesticides extraction with hexane, extract concentration, cleaning up by
concentrated sulphur acid, scrubing with distilled water until neutral
reaction. Quantitative analysis is realized by gaz chromatography method
using gas chromatograph " Tzvet 500" (Russian production) with electron
capture detector.

Conditions:
Detector temperature 273° C
Column temperature 240° C
Evaporator temperature 255° C
Gas flow (nitrogen) 66,7 cm/min
Electrometer scale 8xlO9 A
Band extent 720 mm/hour

Column one meter long contains chromaton N - Super with OV - 17 %,
volume of the extract introduced in chromatograph - 5 ml, standard solution
concentration: pp DDT - 0,2mg/cm3,pp DDE - 0,01 mg/cm3, pp DDD -
0,01 mg/cm3, ct-HCH - 0,02 mg/cm3, ^ H C H - 0,02 mg/cm3.Dynamics of
organochlorine compunds content is represented on diagramm.
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Prut,Djurdjulesht

1987 1990 1991

Nistru,Olanesht

1987 1988 1989

years

1990 1991

Analysis of average annual concentrations data (C) demonstrate
consederable reduction of organochlorine compounds content in Nistru and
Prut rivers and their absence in 1992-1997, exepting isolated cases.During
observation period organochlorine compounds content in Danube river
oscilated from 1 ng /dm3 to 3 ng/dm3, with maximum level of pp DDT -
20 ng/dm3,u-HCH - 5 ng /dnffHCH. - 2 ng/dm3.
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Environmental behaviour of pesticides In rice field drainage water. Impact on the coastal zone.

G,F. Dierksmeier. P.L Moreno, K Martinez, R. Hernandez and C. Linares
Plant Protection Research Institute WISAV, C. Habana, Cuba

Experiments were carried out to assess the behaviour of pesticides in the drainage water from a rice
fields

First experiment:
A segment of a rice field drainage channel was chosen whose dimensions were: length 1200 m; average

width 2rn, deep 0,3 m. The flow rate at the moment of the experiment was 83 1/min while the linear water
velocity was 20 m/min. At a point, chosen as the beginning of the experiment, a pesticide mixture was
poured at 6 liter/minute, during 10 minutes. The concentration of each pesticide in that mixture was such
that after leaving this point, the flowing water hat an initial concentration (rng/1) of: dirnethoate 0,6;
iprobenfos 0,7; parathion methyl 1,5; malathion 1,4; chlorpyrifos 0,72; cypermethrin 0,05 and endosulfan
(a-if 1,0.

Exactly ten minutes after the pouring of the pesticide ended, began the water sampling at the first
sampling point (200 m. downstream from the starting point). There, water was sampled a rate of 1 1/min
during 10 minutes. After mixing, a 2,5 1 sub sample was taken for analysis.

Twenty minutes later began the sampling in the second point (Fig 1), There, water was taken at the same
rate and during the same time as in the first point. Other two samples were taken at 1000 m and 1200 m
from the starting point in the way already explained:

Second experiment:
Tins was conducted in the same place. The water flow rate was 2,4 times higher than in the preview

experiment. In this case, the initial pesticide concentrations were adjusted to half the values of the first
experiment. Carbofuran was included with an initial concentration of 0,35 mg ai/1.

As a general trend, the concentrations of all the pesticides were lower, the longer the distance from the
stalling point and very low and in some cases not detected at the final sampling point (see table). Also
the higher the flow rate, the lower the distribution of the pesticides between water and sediment and
higher the concentration at the final sampling point.

These results allow the management of the impact of the drainage water on the coastal zone, by slowing
down the drainage flow (widening the channels) or simply extending the drainage time. Both measures
will effectively reduce the presence of pesticide residue in the waters that mouth on the coastal zone.
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Fig. 1 - Experimental layout
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Table.- Dynamic adsorption of pesticides under field conditions.

Pesticide

dimethoate

iprobenfos

parathion metliyl

malathion

chlorpyrifos

cypermetlirin

endosulfnn O-Y+p)

carbofuran

Experiment

]

2

1
2

1

2

1
i
A*

1

2

1

2

1

2

2

Initial
cone (rng/1)

0,6
0,3
0,7

0,35
1,5

0,75
1,4

0,7

0,72
0,36
0,05

0,025
]

0,5
0,35

Concentration found at the indicated points (mg/1)
200 m

0,40
OjOl

0,30
0,27
0,40
0f53
0,50
0f54
0,12
0,11
0,02
0,02
0,14
0,02
0,085

600 m

0,01
ND

0,006
0,02
0,009
0,04
0,008

0,1
0,005
0,003
ND
ND

0,006

0,002
0,053

1000 m

ND
-

0,003
-

0,003
-

0,007
-

0,004
-

-
0,002

-
-

1200 m

ND
ND

0,006
0,003
0,008
0,06
0,001
0,07

0,002
0,001
ND
ND

0,001
0,002
ND
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INTERACTION BETWEEN PESTICIDES AND HUMIC SUBSTANCES FROM TROPICAL
COASTAL LAGOONS1

F. GONZALEZ-FARIAS2

Mexican Institute of Water Technology, Cuemavaca, Mexico

F. P. CARVALHO
Marine Environmental Laboratory, International Atomic Energy Agency, Monaco

S.W. FOWLER
Marine Environmental Laboratory, International Atomic Energy Agency, Monaco

In the northwest coastal plains of Mexico there are several coastal lagoons of great ecological
and economical importance and also the most important and technified agricultural fields of the
country. In those fields huge amounts of pesticides are applied each year and their residues enter the
lagoons mainly by the agricultural drainage [3].

Those lagoons are surrounded by mangroves which are an important source of humic
substances (HS) to them. The HS can reach concentrations up to 100 mg/L in the coastal lagoons
during the rainy season [1] and they can interact with pesticide residues affecting, among others, the
solubility, sorption, bioaccumulation and bioavailability of the pesticides through the formation of
complex molecules [2]. As with other type of contaminants the study of the interactions between
pesticides and HS is of great importance for the appropriate management of coastal areas impacted by
agricultural runoff.

The HS that enter the lagoons with freshwater runoff tend to precipitate with salinity.
Experiments were done in laboratory to determine the effect of HS (isolated from coastal lagoons) and
commercial humic acids (HA) on the partition of selected pesticides between water and sediment
phases. Due to the accurate results obtained with radio-labelled compounds, 14C-labelled pesticides
were used for the experiments. The selected pesticides were: chlorpyrifos (o,o-di-[1-14C]ethyl o-3,5,6-
trichloro-2-pyridil phosphorotioate), DDT (1,1,1-trichloro-2,2-bis(p-chloro-[ring-U- C]-phenyl)ethane)
and parathion (o,o-diethyl o-4-nitro-[ring-U-14C]-phenyl phosphorotioate).

The 14C-labelled pesticides were spiked in separate glass jars with seawater (38 o/oo) and
then, in different experiments, aliquots of a distilled water stock solution of HS (isolated from coastal
lagoons) and commercial humic acids (HA) were added. After one hour at room temperature the jars
were centrifuged to separate water and the pellets of precipitated humics. Absorbance (380 nm) of the
supemants was recorded to evaluate the percentage of precipitated humics. The HS and HA pellets
were extracted with hexane in a sonic bath and centrifuged again. The DPM of the pellets, the hexane
fraction and the aqueous fraction were recorded in a scintillation counter to measure the quantity of
14C-pesticides that were bonded to the precipitated humics.

The results obtained indicate that approximately 77% of the HS and HA that enter into sea
water precipitate, with a 23% of them remaining in solution. After gel filtration chromatography
(Sephadex G-15) of aliquots of HS and HA stock solutions, it seems that the precipitated humics are
high molecular compounds and the soluble humics are low molecular weight compounds (-200
Daltons).

The percentage of initial activity meassured in the pellets indicate that a significant percentage
of DDT is strongly bond to the humics precipitate (86% for HA and 44% for HS), probably due to its low
water solubility. For chlorpyrifos, that has also a low solubility in water, there is an important percentage
of compound bonded to the humics precipitate (35% for HA and 21% for HS) and for parathion, that

' Research supported by I.A.E.A. Contract No. CI1-0387-ME(JR)/R2
2 Permanent address: Mazatlan Marine Station, Inst. Mar. Sci. Limnol., National Autonomous University of
Mexico. P.O. Box 811, Mazatlan, Sin. Mexico 82000.
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has a high solubility in water, there was a small amount of pesticide bonded to the humics precipitate
(9% for both HA and HS).

These results indicate that significant percentages of certain pesticides that enter coastal
lagoons, with brackish or marine conditions, can form complex compunds with HS which precipitate.
Evidently the pesticides-HS complexs will have different dynamics in the environment (sorption,
degradaton, partition, bioavailability, etc.) than pesticides alone.

The presence of HS in coastal waters seems to prevent, to a certain extent, pesticide pollution
through elimination of pesticides by sequestering them in the sedimentary phase. Preliminar results of
mussels (Mytillus galoprovincialis) exposed to pesticides in the presence and absence of HS, indicate
that uptake of pesticides by the organisms is less in the presence of HS (Gonzalez-Farias et al., in
prep.). With these results its evident that HS tend to diminish the impact of pesticides over aquatic
ecosystems and confirms the results of other authors [4].
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ORGANOCHLORINE RESIDUES IN SOME DOLPHIN SPECIMENS STRANDED ON
SOUTHERN ADRIATIC COASTS (ITALY)

M.M. STORELLI, R. GIACOMINELLISTUFFLER, E. CECI, G.O. MARCOTRIGIANO
Istituto di Chimica- Facolta Medicina Veterinaria, Universita di Ban, Italia.

Organochlorine compounds such as those pertaining to the family of DDTs and
polychlorinated biphenyls are extremely persistent and difficult to degrade. Despite the fact
that these compounds have been forbidden in many developed countries and their worldwide
production and use have drastically decreased in recent years, at present they are widely
spread and have become ubiquitous contaminants in the ecosystem. Because most
organochlorine contaminants are extremely lipophilic and resistant to degradation, they tend
to concentrate and biomagnificate through food webs. Marine mammals such as seals and
cetaceans are known to accumulate higher levels of these compounds in their subcutaneous
fat or lipid fraction of tissues because they are situated at the highest trophic level in marine
ecosystems. A large number of organochlorine pollution surveys in cetaceans of both T.
truncatus and S. coeruleoalba have been carried out, while little information is available on
G. griseus and Z cavirostris. The present paper reports the concentration of PCBs and
organochlorine compounds and percentage composition of the different PCB congeners in
various tissues from four different species of cetaceans stranded on the Adriatic coast of Italy
in July-September 1995.

A total of 10 specimens, all female, (4 T. truncatus, average lenght 272 cm, 4 S.
coeruleoalba, average length 267 cm, 1 G. griseus, length 311 cm, 1 Z cavirostris, length 530
cm) were examined in this study. Animal dissection provided samples of blubber, muscle as
well as of the following organs: brain, kidney, liver, lung, All tissue samples were frozen at -
18 °C until required for analysis. Aliquots (2-5 g) of the homogenized samples were ground
with Na2SO4 and extracted following the procedures described by Erney (1). After
gravimetric analysis of fat content the extracts were treated with H2SO4 cone, for the clean-up
following Murphy (2) and injected into a gas chromatograph. Gas chromatograph (Carlo Erba
model HRGC-5300) equipped with a 63Ni electron capture detector (ECD-400), and splitless
injection tecnique was used for the quantification of PCBs, HCB and DDTs (o,p'-DDT, p,p'-
DDD, p,p'-DDE and p,p'-DDT). The column consisted of a fused silica capillary SPB-608
Supelco (length = 30 mt, inside diameter = 0.25 mm). Quantification of PCB congeners was
performed using gas chromatograph-mass spectrometer (Fisons model GC-MS 800). PCB
congeners were determined by Selected Ion Monitoring (SIR) at m/e 326, 360, 394 and 428
for penta-, hexa-, hepta- and octachlorobiphenyls, respectively. Helium was used as the
carrier gas, while nitrogen was the make-up gas.
The analytical results are given in table 1. In each tissue of T. truncatus, S. coeruleoalba and
G. griseus analysed the highest concentrations are of PCBs followed by DDTs and HCB. Z
cavirostris shows, on the contrary, higher levels of DDTs with respect to PCBs. In all cases
the highest concentrations of the examined organochlorine compounds occurs in blubber
followed by liver and kidney in accordance with the greater percentage of total lipids extracts.
The other organs contained different pollutant levels related to the different species. Brain
showing rather high lipid contents respect to liver and kidney, was much lower in the levels of
PCBs and DDTs compounds. This can be explained by the different lipid composition of the
brain rich, mainly, in phospholipids or total cholesterol (90%) (3) with respect to other
organs. The percentage composition of the different PCB congeners shows a greater
hexachlorobiphenyls percentage followed in decreasing order by hepta, penta and
octachlorobiphenyls. The low values of DDTs/PCBs ratios found in T. truncatus may be
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related to a greater birth frequence and to a longer lactation period typical of this species (4)
with respect to S. coeruleoalba. Infact lactation and parturition are considered to be major
routes of excretion of chlorinated hydrocarbons, chiefly of DDTs, in cetaceans (5) while as
other species litterature lacks data on reproductive biology and on pollutan accumulation.

Table 1: % lipid content, concentration of HCB, DDTs, PCBs (ug/kg wet wt.), %
chlorobiphenyl congeners and DDTs/PCBs ratios.

T.L
blubber
liver
muscle
kidney
lung
brain
S.c.
blubber
liver
muscle
kidney
lung
brain
G.g.
blubber
liver
muscle
kidney
lung
brain
Z.c
blubber
liver
muscle
kidney
lung
brain

lipid
%

38.50
3.01
0.16
2.37
0.88
8.07

76.02
2.50
1.08
1.29
1.20
7.00

22.96
1.84
0.35
1.64
0.66
7.72

85.32
3.38
0.62
1.65
0.40
12.25

HCB

58.4±4.51
3±0.37

0.4±0.25
7.6±0.80
1.4±0.31
7.2±0.33

77.9±6.61
6.4±0.45
2.7±0.31
1.8±0.37
2.1±0.30
5.2±0.25

18.3
2.3
0.4
1.8
0.7
1.8

31.8
1.9
0.5
0.4
0.2
1.9

DDTs

4457±346
306±22

15±5
192±11
53±5
68±7

34390±3210
1184±171

155±13
618±24
350±47
308±49

4439
327
69
127
43
150

42880
447
156
410
22
93

PCBs

17950 ±1425
1300±56
108±15
1047±64
205±15
345±23

39070±3629
1835±198
273±22
765±57
560±60
594±72

8390
414
122
253
58
153

30810
362
120
292
19
75

%
penta
9.21
12.89
11.95
15.01
12.57
20.21

14.49
14.07
15.34
14.81
16.27
20.11

17.70
20.85
21.81
17.94
19.55
24.10

16.71
18.00
17.10
14.71
15.61
20.05

%
hexa
64.78
60.16
61.51
58.57
58.77
51.93

59.99
56.53
58.19
58.67
54.39
51.16

50.05
47.74
48.19
50.01
46.55
41.81

48.28
51.68
50.00
57.13
56.36
47.13

%
hepta
25.30
26.72
26.29
26.21
28.53
27.58

25.04
28.65
26.24
26.63
28.63
28.22

29.99
29.11
27.76
29.72
32.05
31.48

32.64
29.78
30.92
26.42
26.90
31.25

%
octa
0.71
0.44
0.30
0.39
0.24
0.28

0.48
0.75
0.36
0.34
0.71
0.53

2.11
2.69
2.22
2.32
1.84
2.60

2.37
0.61
1.97
1.72
1.13
0.47

DDTs
PCBs
0.25
0.23
0.13
0.18
0.26
0.20

0.88
0.64
0.57
0.81
0.62
0.52

0.53
0.79
0.56
0.50
0.74
0.98

1.39
1.23
1.30
1.40
1.16
1.24
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ASSESSMENT OF ANALYTICAL LABORATORY PERFORMANCE
IN INTERCOMPARISON RUNS TO CERTIFY
MARINE REFERENCE MATERIALS

M. BERAN
Central Analytical Laboratory
Nuclear Research Institute pic
R e z near Prague, Czech Republic

Methods for assessing analytical laboratory performance in various analytical
intercomparisons are generally very useful tools both for their participants and for
the organizers. One of them has already been adopted as a standard by ISO/IUPAC
[1] and recently used to evaluate results of the world-wide intercomparison run for
the determination of trace elements in Fucus (IAEA-140) in the Monaco
Environment Laboratory [2]. We have developed another such a method that was
applied to assess participant performances in our intercomparison exercise for
certification of essential and/or toxic elements in the set of yeast reference
materials, TY-SET [3]. The method is described in the present contribution.

For the assessment of laboratory proficiency in determination of an analyte in
intercomparison exercise, following cassification system has been suggested:

Laboratory mean
Within ± C I
Within ± 2 C I
Without ± 2 C I
Outlier

Score - points
3
2
1

-1

where C I is the confidence interval (significance level 0.05) of the certified or
assigned value of the analyte concentration in the sample as calculated from the
intercomparison run. Specific feature of the system is the ,,penalty" point (-1) that
is scored up against an analytical laboratory presenting a result that was not accepted
in calculation of the target value.

This single-analyte version of the method provides participants and organizers
of intercomparison exercises with quick and efficient information about the
laboratory performance for that analyte.
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However, much more information can be obtained when the method is applied
to assess multi-analyte proficiency of the analytical laboratory. The choice of
analytes has to be made in accordance with the goal to be achieved:

1. In order to assess the performance of the participant's laboratory, the set of
analytes should correspond to the analytes determined by the participant.
The results should then also be comparable.

2. The method can help organizers of intercomparisons to select a net of analytical
laboratories for their next exercise. The set of analytes should accord with the
analytes to be determined.

3. As many as possible analytes should be involvd in the assessment when total
performance (,,power" of the analytical laboratory) is to be evaluated.

After the set of analytes is selected and the scores for the individual analytes
are determined, the average score of the laboratory is calculated and participants
are arrayed in descending order. In a case of order equality, the additional factor
of the total score (the summ of scores for individual analytes) is introduced to
reflect higher performance of the participant who was able to determine more
analytes.

Results of participation of our laboratory in the intercomparison exercises
of the Marine Environment Laboratory for determination of trace elements in
poluted marine sediment (IAEA-356) tuna fish homogenate (IAEA-350) and fucus
sample (IAEA-140) are presented in the contribution.
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RECENT NORDIC INERCOMPARISON EXERCISES ON RADIOANALYTICAL
QUALITY

SVEN P. NIELSEN
Ris0 National Laboratory, Roskilde, Denmark

S.E. PALSSON
Icelandic Radiation Protection Authority, Reykjavik, Iceland

An intercomparison exercise was carried out under the Nordic Nuclear Safety Re-
search Programme for the period 1996-97. The exercise dealt with the analysis of artificial
and natural radionuclides in two sediment samples, one from the Baltic Sea and one from
the Kattegat. The measurement techniques included direct gamma spectrometry with Ge
and Nal detectors, and radiochemical procedures followed by beta counting and alpha
spectrometry. The participants comprised 21 laboratories, 14 from the Nordic countries, 6
from the Baltic republics and one from Japan.

Results were submitted for several radionuclides comprising Cs-137, Cs-134, Co-
60, Sb-125, Pu-239,240, Pu-238, Am-241, Sr-90, Ra-226, Th-232 and K-40, Pb-210, Po-
210 and U-235. The analytical performance of the participants was evaluated for those ra-
dionuclides where six or more data sets were received. Statistical tests were made to see if
individual results agreed with overall average radionuclide concentrations in the two sedi-
ment materials within target standard deviations. The results of these tests are summarised
in Table 1 which shows the radionuclides, the selected target standard deviations, the num-
ber of data sets submitted and the number of data sets which disagree significantly with the
overall mean values.

Table 1. Summary of analytical performance across all data sets.
Nuclide

Cs-137
Cs-134
Co-60

Pu-239,240
Pu-238
Ra-226
Th-232
K-40

Combined

Target standard deviation
(%)

5
20
15
10
20
10
10
10

Number of data sets
submitted

23
6
6
8
8
12
12
20
23

Number of data sets that
disagree significantly with

performance criteria
9 (39%)
2 (33%)
0 (0%)
1 (13%)
1 (13%)
5 (42%)
5 (42%)
4 (20%)
14 (61%)

It is noteworthy that with the exception of Co-60 the performance criteria are not
met in about 20-40% of the data sets for the relatively straightforward gamma-
spectrometric analyses of Cs-137, Cs-134, Ra-226, Th-232 and K-40. For the more com-
plicated radiochemical analyses of plutonium isotopes only 13% of the data sets do not
meet the performance criteria. The test of the overall analytical performance shows that
61% of the data sets do not meet the combined performance criteria. This shows that there
is room for considerable improvement of analytical quality for most of the laboratories that
have participated in this intercomparison. The intercomparison exercise has furthermore
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demonstrated several elementary problems in analytical work such as interchange of sam-
ples, mistakes in calculations and correction of background levels. High-quality analytical
performance requires careful and dedicated staff using well-established laboratory proce-
dures and frequent participation in international intercomparison exercises.

An intercomparison of software for the analysis of Ge gamma spectra was carried
out by testing the quality of calculated areas and associated uncertainties of well-isolated
single peaks from IAEA test spectra. The intercomparison comprised tests of precision
and accuracy, and furthermore permitted a ranking of the results according to accuracy.
Fifteen sets of data were submitted for the intercomparison involving a range of software
packages using different methods for calculating peak areas and uncertainties.

The tests of precision have shown that only 8 of the 15 data sets show agreement
between the calculated and observed variability of the peak areas. Four data sets overesti-
mate and three underestimate the uncertainties of the peak areas significantly. The tests of
accuracy have shown that only six data sets demonstrate agreement between calculated
peak-area ratios and true values from the IAEA spectra considering the calculated uncer-
tainties. For the remaining nine data sets the accuracies of the calculated peak-area ratios
disagree with the true results considering the uncertainties. For one data set the uncertain-
ties are significantly overestimated and for the eight others the uncertainties are underesti-
mated.

Only four of the 15 data sets show both acceptable precision and accuracy, and the
accuracies of the other data sets have been tested against the results of one of these sets to
provide a ranking between the data sets (Figure 1). The data sets may be grouped in three
categories according to accuracy. Seven data sets show high accuracy, five data sets show
average accuracy and three data sets show low accuracy. High accuracy is a factor of 0.6
better than the average accuracy, and the average accuracy is a factor of 2.4 better than the
low accuracy. Generally, the data sets based on sophisticated methods for calculating peak
areas (e.g. peak fitting) do not show higher accuracy than those based on more simple
methods.

The results of the intercomparison show that the quality of results from gamma-
spectrometric analyses of radionuclides providing well-isolated single peaks (e.g. 137Cs)
vary significantly between software packages. The results furthermore indicate significant
effects on the quality from the user of the software.

12 11 1 8 15 13 4 9 7 6

DATA SET NO.

2 10

Figure 1. Plot of relative average accuracies of peak-area ratios for the data sets.
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QUANTIFICATION OF UNCERTAINTY IN GAMMA SPECTROMETRIC
MEASUREMENTS OF MARINE SAMPLES

C. DOVLETE and P. P. POVTNEC
International Atomic Energy Agency, Marine Environment Laboratory, Monaco

Whatever the technique used, it is essential to accompany the result of an
experimental measurement by a realistic estimate of the uncertainty of the measurement. The
"Guide to the expression of uncertainty in measurement" published by ISO in 1993 [1]
establishes general rules for evaluating and expressing uncertainty across a broad spectrum
of measurements. For the sake of simplicity many analysts have reported the counting
uncertainty only instead of combined standard uncertainty. However, laboratories are
required to account for all measurement uncertainties when reporting results.

Present radionuclide levels in the environment, especially in the marine environment,
are very low and for the reporting of high precision and accurate data from gamma-
spectrometry measurements, it is necessary to understand and to quantify all possible sources
of errors. This is especially the case when non-destructive gamma-spectrometry is used, as
usually, when analysing e.g. sediment and soil samples, where many factors could affect the
final results of measurement.

Uncertainty estimation is simple in principle. The evaluation of uncertainty requires
a close examination of all possible sources of uncertainty, and the identification of those
which are most significant. The IAEA-MEL has developed a systematic procedure to
compute uncertainties in gamma spectrometric measurements of environmental samples, as
well as the combined standard uncertainty.

Within this systematic procedure, the overall uncertainty takes into account
uncertainties associated with radiochemical separations (when radiochemistry is involved),
as well as the uncertainties associated with detector calibration, nuclear data and counting
methods. In some cases, when the radioactive decay chains are involved during sample
preparation and/or during measurement, the determination of activity and uncertainties is not
straightforward. In the paper our uncertainty estimation process is presented step by step. As
sources of uncertainty in gamma spectrometric measurements, the paper discusses the
influence of nuclear data (emission probability, half-life), efficiency calibration procedure,
sample preparation, count-rate, self-attenuation and coincidences.

The results show that often counting uncertainty will be the most significant
component of combined standard uncertainty, but there are situations when other sources of
uncertainty will be dominant.

The expected contributions from different sources of uncertainties in the case of
gamma spectrometric measurement using HPGe detectors are presented in Table 1.

Table 1. Sources of Uncertainty
Uncertainty source Typical uncertainty range (%)

Counting 0.1 -20
Coincidence correction 1-15
Emission probability 0.1-11
Attenuation correction 0.1-5
Detector efficiency 1-5
Sample geometry 0.1-5
Half-life 0.01 - 1
Sample weight (volume) 0.01-1
Radiochemical procedures 1-10
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These values are only illustrative. For each practical situation the complete
uncertainty evaluation must be done. In the majority of cases, the radiochemical procedures
are performed after gamma spectrometric measurements to avoid the introduction of
supplementary uncertainty in the results.

One of the frequently encountered situations is related to the presence of peaks in the
background spectra. The magnitude of counting uncertainty due to the presence of a
background peak is presented in Fig.l as a function of the corrected sample net area (equal to
the difference between the net area of the peak in the sample spectrum and the net area of the
peak in the background spectrum) and the background peak net area (BPNA). If there is no
peak in the background spectrum BPNA is set to 0.1 counts.

10 - - - - - I - - J -

o
o

Fig.1. Sample peak net area - Background peak net area (BPNA)

A user-friendly software was created, enabling a quick evaluation of uncertainties
related with gamma spectrometric measurements for various practical situations. The
software, written in Visual C++ is designed to be used under a Windows environment and is
briefly described in the paper.

REFERENCES

[I] ISO, Guide to the expression of uncertainty in measurement. Geneva (1993) ISBN
92-67-10188-9.
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MONTE-CARLO COMPUTATIONS OF EFFICIENCY, SELF-ATTENUATION AND
COINCIDENCE CORRECTIONS IN LOW-LEVEL GAMMA-SPECTROMETRY

C. DOVLETE and P. P. POVINEC
International Atomic Energy Agency, Marine Environment Laboratory, Monaco

The standard efficiency calibration of germanium detectors for gamma-ray
spectrometry required a lengthy effort with multiple-energy sources for many necessary
geometries. In order to reduce the experimental effort and to improve the accuracy of
efficiency calibration, Monte Carlo simulation is an attractive means because any source-
detector configuration and any sample matrix can be modeled over the energy interval of
interest [1,2].

In this paper we present the procedure used at IAEA-MEL for efficiency calibration
of new large volume germanium detectors for various measurement geometries, including
self-attenuation and coincidence corrections.

The first step in this procedure is to adjust model detector parameters in order to
obtain the best agreement between experimentally derived and calculated efficiencies for a
given calibration sample. Thus we obtain efficiencies experimentally using the calibration
sample which contains two suitable, coincidence-free, gamma lines. One of them must be
below the 60 keV and the other, preferably above 600 keV.

In order to theoretically evaluate the efficiency, matrix and coincidence corrections,
we use the extensively tested GESPECOR method and algorithms [2]. According to this
methodology, the efficiency and the correction factors are computed using a realistic Monte
Carlo simulation method. Then based on the experimental and theoretical results for a given
geometry we adjust the detector parameters used in theoretical Monte Carlo efficiency
computations in order to achieve the best agreement between experimental and calculated
efficiency values. With these adjusted detector parameters we can then calculate the
efficiencies for various geometries and matrix samples.

In fact our procedure needs only one calibration sample for all measuring
geometries. However, if the composition and/or the density of the sample to be measured
differ from the corresponding values of our calibration sample, self-attenuation corrections
should be applied to the efficiency. These corrections depend on the sample geometry,
composition and density, and on detector parameters. Of course, the corrections are higher
for large volume, high Z and high density samples, for low energy photons. In the case of a
nuclide decaying through a cascade of successive photon emissions, measured close to a high
efficiency detector, coincidence-summing effects can be important.

The efficiency, self-attenuation and coincidence corrections computations were
performed for a 680 cm^ HPGe detector characterised by the parameters presented in Table
1.

The variation of self-attenuation correction with energy is presented for a particular
sediment sample for the energy range 30-3500 keV.

The self-attenuation correction presented in Fig.l has to be applied to estimate
detection efficiencies for sediment samples (density 1.3 g/cm^) using the efficiency
calibration data previously calculated for water (1.0 g/cm^).

The necessary self-attenuation correction for a sediment sample (sample density=1.3
g/cm^) is presented for the energy range 30-3500 keV

Finally, we present the results of computations performed for a 680 cm^ HPGe
detector (Table 1) and sediment samples for the efficiencies and the energy-dependent self-
attenuation factor for the energy range 30-3500 keV. As an example, a self-attenuation
correction (Fig.l) has to be applied to estimate detection efficiencies for sediment samples
(density 1.3 g/cm^) using the efficiency calibration data calculated for water (1.0 g/cm3).
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Fig. 1 Self-attenuation correction factor versus energy

Detector parameters
Detector radius
Detector length
Inner contact: Radius
Inner contact: Length
Detector holder material
Thickness of Ge dead layer
Distance from the active face
to entrance window
End cap diameter
Window thickness

cm
4.53
9.59
0.7
7.2
0.2
0.05
0.5

9.2
0.1

Table 1. Detector parameters

Also we have calculated the necessary coincidence corrections for a few frequently
encountered radionuclides, with coincidence problems, such as Co-60, Cs-134, Y-88, Ag-
110m, Eu-155, Sb-125, etc. As expected the resulting coincidence corrections are important
and must be taken into account in order to obtain accurate results.

REFERENCES

[1] Kamboj, S., Kahn, B. Evaluation of Monte-Carlo simulation of photon counting
efficiency for germanium detectors, Health Physics (1996) 512-519.

[2] Sima, O., Arnold, D., Self-attenuation and coincidence-summing corrections
calculated by Monte Carlo simulations for gamma-spectrometric measurements with
well-type Germanium detectors, Applied Radiation and Isotopes, 47 (1996) 889-893.

399



IAEA-SM-354/90P XA9951337

QUANTIFYING UNCERTAINTIES IN THE ALPHA-SPECTROMETRIC ANALYSIS
OF ENVIRONMENTAL SAMPLES

G. KANISCH
Federal Research Centre for Fishery, Institute for Fisheries Ecology, Hamburg, Germany

The evaluation of measurement uncertainty has become a very important task in the
physical and chemical quantitative analysis. The ,,Guide to the Expression of Uncertainty in
Measurement" published in 1993 by ISO [1] establishes general rules for evaluating and
expressing uncertainty in measurement across a broad spectrum of measurements. This
document gives an introduction to the concept of uncertainty and the distinction between
uncertainty and error. Based on the approach taken in the ISO Guide EURACHEM published
a document [2] which also establishes general rules for the evaluation and expression of
uncertainty in quantitative chemical analysis.

According to these documents the uncertainty estimation process consists of the
following steps:

• specification of measurand and measurement parameters
• identify uncertainty sources (for each part of the measurement process or for each

parameter)
• assess the contribution from each source #

• quantify uncertainty components (the size of each uncertainty)
• convert each uncertainty component to standard deviation
• calculate the combined uncertainty from all individual components

The uncertainty of the measurand due to the whole measurement procedure may then
be reported as a standard uncertainty, or as expanded uncertainty using a suitable coverage
factor k which expresses the level of confidence.

The method of alpha-spectrometric analyses of environmental samples refers to
radionuclides such as the isotopes of plutonium, americium, curium, uranium, thorium and
polonium. It is characterised by the advantage over other chemical methods that various
possible uncertainties of the individual steps within the more or less laborious radiochemical
procedure need not to be considered explicitly, because the overall chemical yield of the
determinand radionuclide is measured always by the use of an appropriate tracer radionuclide.
However, it is necessary that the amount of tracer added to the material of each sample prior
to the radiochemical analysis is known precisely. This is normally achieved by the use of a
tracer solution which can be traced back (by controlled dilution techniques) to an originally
calibrated solution, for which a certificate of the activity concentration and its uncertainty is
available. Then the activity of the sample (Bq) can be deduced from the known amount of
tracer (Bq) and the net count rates of the tracer and of the radionuclide to be determined. The
knowledge of the exact efficiency of the alpha detector in this case is not necessary to
determine the sample activity, however, an estimate of it is useful to get an estimate of the size
of the chemical yield, which characterises the quality of the chemical procedure.

If only an uncalibrated tracer solution exists, which can be the situation after
interfering radionuclides (impurities) in the tracer solution had been removed by radiochemical
methods, other methods of calibration have to be applied. One possibility discussed is to
prepare an 241Am (an easily available radionuclide) sample by electroplating a sufficient amount
of 241Am on stainless steel discs by using the own routinely used procedure. Thereby, one
obtains a sample representative for the own measurement geometry and condition, which then

1 components that are more than 3 to 4 times smaller than the largest component can usually be ignored
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is sent to a national calibration institution for a precise calibration of the activity on the sample.
Then it is possible to determine the efficiency values of the used alpha detectors with
sufficiently low uncertainty and thereafter to calibrate the tracer solution.

The next measurement variables being necessary to determine the sample activity (Bq)
are the net counting rates of the tracer isotope and the radionuclide to be determined. They are
obtained as the difference of the gross count rates and their corresponding blank count rates,
the latter containing also possible contributions of the detector background. Here, a problem
usually arises from the often encountered non-normal distributions of blank count rates: due to
various reasons a greater part of blank values may be sufficiently low (in control), but some are
significantly higher (out of control). This results in enlarging the uncertainties of the desired
net counting rates. Additionally, the uncertainties of the net count rates may be larger, if one of
the radionuclides to be measured exists as an impurity in the tracer solution. An example is the
possible existence of a 8Pu as impurity in the tracer solution when 239>240Pu and ^'Pu are to be
determined. This case is included in the consideration of the uncertainty estimation.

If the electroplated samples are sufficiently thin and the height of any one of the
radionuclide peaks in the alpha spectrum is not much higher than the other(s) to the left (low-
energy) side, the alpha peaks do not overlap. In this case a simple peak integration of channel
counts can be used for which it is easy to estimate the gross count rate uncertainty. However,
if the peak shape is not so good, such that a pronounced peak-tailing on the left side of the
peaks occurs, then a significant overlapping will result which will require the use of the more
complex method of non-linear least squares fitting for the deconvolution of the peak areas.
This is the only method from which also information about correlations between peak areas
can be obtained which have to considered for the estimation of the uncertainty of the activity
on the sample. Such a programme (e.g. [3]) is used to demonstrate the possible influence of
these correlations depending on the degree of peak-overlapping.

The last step is that the activity must be converted to specific activity (Bq per mass)
or activity concentration (Bq per volume). This encompasses the estimation of uncertainties of
parameters from the step of sample pre-treatment, such as the original mass or volume of the
sample as well as those associated with mass ratios, if for instance the sample was analysed
radiochemically as ash, but the activity result has to be reported on wet or dry weight base.
Additionally, uncertainties due to inhomogeneity of the sample as well as uncertainties in the
definition of what is wet or dry weight have to be considered for the final result.

[1] International Organisation for Standardisation, 1993: Guide to the Expression of
Uncertainty in Measurement, First Edition, Geneva, Switzerland (ISBN 92-67-10188-9)

[2] EURACHEM, 1995: Quantifying Uncertainty in Analytical Measurement, First Edition
(ISBN 0-948926-08-2)

[3] G. Bortels, C. Hurtgen and D. Santry, 1995: Nuclide Analysis on Low-statistics Alpha-
particle Spectra: An Experimental Verification for Pu Isotopes. Appl. Radiat. Isot. 46:
1135-1144
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Quality Assurance Programme for Environmental Radioactivity Measurements
at the Hong Kong Observatory

M.C. Wong and H.Y. Mok
Hong Kong Observatory, Hong Kong Special Administrative Region, China

The Hong Kong Observatory (HKO)runs an Environmental Radiation
Monitoring Programme (ERMP) to monitor the environmental radiation levels
in Hong Kong. In the ERMP, about 400 environmental samples are delivered
to the HKO Radiation Laboratory each year for alpha, beta and gamma
measurements. The quality of the radiation measurements is assured
through an internal quality assurance programme and inter-laboratory
comparison exercises.

The HKO has participated in the IAEA Intercomparison Runs since
1989. Activity measurements on alpha, beta and gamma emitting
radionuclides in eleven IAEA intercomparison samples of clover, soil,
sediment, flesh and sea water were conducted from 1989 to 1996, namely
IAEA-156, IAEA-352, IAEA-367, IAEA-375, IAEA-134, IAEA-135, IAEA-300,
IAEA-315, IAEA-326, IAEA-327 and IAEA-381.

Reports on the first eight intercomparison runs were received.
Performance of the HKO in these eight runs was satisfactory except three
outliers in two of the runs. The activity concentration of Am-241 and
K-40 in IAEA-134 and Pb-214 in IAEA-315 were too high:the respective mean
reporting values were 46 + 5, 290 + 14 and 20 + 2 Bq/kg as compared to
the respective range of accepted laboratory averages of 32.0 - 44.6,
160.5 - 269 and 8.0 - 17.2 Bq/kg. Table 1 summaries HKO's reporting
values of these radionuclides and the corresponding statistics given in
the reports.

Sample Code
Radionuclide
Median of
accepted
values
Confidence
interval at
significant
level 0.05
Range of
accepted
laboratory
averages
HKO' s mean
reporting
value

IAEA-134
Am-241
38.15

35.0 - 39.4

32.0 - 44.6

46 + 5

IAEA-134
K-40
212

196 - 240

160.5 -
269.0

290 + 14

IAEA-315
Pb-214

13

12.0 - 14.7

8.0 - 17.2

20 + 2

Table 1. HKO's reporting values of activity concentration
classified as outliers and the corresponding statistics
given in the reports of the IAEA intercomparison Runs

Review of the two intercomparison runs showed that the
unsatisfactory reporting values for K-40 and Pb-214 arose in the process
of background subtraction and that for Am-241 arose in the process of
calibration of the gamma spectrometry system.

For IAEA-134, the background measurement was conducted on 21
September 1992 while the five sample measurements were conducted from 22
September to 4 November 1992. The gross activity concentrations of K-40
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obtained in the five sample measurements varied from 215 to 304 Bq/kg.
The large variation might be due to fluctuation in background values of
K-40 for the five sample measurements. This showed that more updated
background value should be used for each sample measurement.
Furthermore, it was found that a wrong background value of K-40 was used
to perform background subtraction for one of the sample spectrum.
Incidentally, this mistake escaped the notice of the quality controlling
officer before result submission. If the correct background value was
used, the reporting value for K-40 should be 259 Bq/kg which would be
within the range of accepted values.

For IAEA-315, the background measurement was conducted on 26
April 1993 while the four sample measurements were conducted from 12 to
26 May 1993. Again, the background value was not updated enough for
background subtraction. For such a low activity concentration of Pb-214
in the sample (about 15 Bq/kg), a small change in the radon level in the
environment would have significant effect to the gross activity
concentration of Pb-214. Furthermore, the counting time of 55000 seconds
for the background measurement was found not long enough to obtain good
statistics for all gamma peaks of Pb-214. In fact, only the highest
yield gamma peak of 351.87 keV could be identified in the background
gamma spectrum. Other lower yield gamma peaks of Pb-214 could not be
identified due to insufficient counts. Background value of Pb-214
determined based on only one of its gamma peaks definitely would not be
of high precision. Use of outdated and high uncertainty background value
for background subtraction resulted in the unsatisfactory value of Pb-
214..

In IAEA-134, the 59.54 keV gamma peak of AM-241 was used to
determine its activity concentration. However, the high purity germanium
detector of the gamma spectrometry system was only calibrated down to 88
keV using mixed radionuclide standard solution supplied by Amersham
International pic. The efficiency at 59.54 keV used for the
determination of activity concentration of Am-241 was only an
extrapolated value. Its uncertainty would most probably be the cause for
the unsatisfactory reporting value of Am-241.

The above findings prompted the improvement of quality assurance
procedures in the Radiation Laboratory of the HKO :

(a) background values should be updated as frequently as possible
to ensure that both background and sample measurements are
under similar environmental conditions;

(b) both background and sample measurement time should be
sufficiently long to eliminate short term background
fluctuation and to obtain background values of higher
precision;

(c) standard solutions with gamma peaks of energy lower than 80
keV, such as Am-241 itself, _Ba-133_ or 1-129 should be added
to the generally used .mixed nuclide standard solution for
calibration if activity concentration of AM-241 has to be
determined; and

(d) all measurement results should be . cross-checked by
professional staff after quality assurance by laboratory
staff before reporting.

It. is therefore concluded that participation in intercomparison
exercise is an invaluable part of quality assurance in radioactivity
measurements and the HKO will continue to participate in the IAEA
Intercomparison Runs.
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Recent results in modeling Ge-gamma ray spectrometry measurements

0. Sima
Physics Department, Bucharest University, Bucharest - Magurele, Romania

Previous work [1] on modeling Ge-gamma ray spectrometry measurements has been
extended. A dedicated computer software, called GESPECOR, has been developed to assist
in the assay of gamma radioactivity of environmental samples. Using GESPECOR, full energy
peak efficiency (FEPE) and efficiency correction factors due to self-attenuation (Fa) and due
to coincidence summing effects (Fc) can be evaluated for a variety of detectors [p or n type
closed end coaxial HPGe, well-type HPGE, Ge(Li)] and sample geometry (point, cylinder,
Marinelli beaker, sphere, ring). Several standard matrices are predefined and can be selected
for typical environmental samples; alternatively a specific sample composition and density can
be used, when pertinent data are available.

The core of the software is a realistic Monte Carlo computation, tailored specifically for
an efficient simulation of the processes involved in gamma-ray spectrometry. Recent work on
the software targeted both on the improvement of the model and on the development of a
more flexible, user friendly interface. On the model side, the detector is parameterized by the
radius and length of the crystal, of the inner hole (or contact), by the thickness of the dead
layers, by the dimensions and materials of the detector holder, end cap and entrance window,
by the position inside the end cap. The geometry modules were extended to include the case
of detectors with rounded edges; a possible misalignment of the detector in the end cap (as
revealed by the X-ray photograph of several detectors) can be taken into account. The
simulation of the bremsstrahlung emission and the transport of the characteristic X-rays were
improved. On the other side, besides simple interfaces used to prepare input data files (for the
detector, sample geometry, shield geometry, and for various materials), a new, more complex
module, called INPEN, was added. By this module the decay data for the nuclide of interest
are read from the KORDATEN library [2] and the value of the conditional emission probability
for various sets of photons (cascading gamma photons, X-rays following internal conversion
or electron capture decay, annihilation quanta in beta+ decays) is evaluated. By using INPEN
the rather specialized decay data required for computing the coincidence summing corrections
are automatically evaluated for any transition belonging to a set of approx. 100 nuclides.

The validity of the computations of the FEPE was established by numerous checks
against precisely measured values of the efficiency for a variety of detectors and typical
measurement conditions. If accurate detector data are available and disturbing phenomena,
such as incomplete charge collection are absent, the accuracy of the computations is better
than 5%.

Self-attenuation corrections, applied to compensate the effect of differences in matrix
and density between the calibration sources and the actual samples, can be computed with a
better accuracy than FEPE, as Fa is less sensitive to the inaccuracy of the detector data [3]. In
GESPECOR self-attenuation corrections are evaluated with a fast algorithm; after a
preliminary Monte Carlo computation, the Fa values can be used as stand alone correction
factors, or can be integrated in the gamma-ray spectrometry analysis program. A new
program, dealing specifically with the case of very high attenuation, was included in the
GESPECOR package. In the case of very high attenuation the accuracy is better than 5% and
is much better in common experimental situations.

As a consequence of the trend to use very high efficiency detectors, important
coincidence summing effects may arise. For specific nuclides, measured in the well-type
detector geometry, the change in the value of the efficiency due to coincidence effects can be
a factor of 10 [4]. A powerful software for evaluating the values of the Fc has been
implemented in GESPECOR. In the computations higher order coincidences and angular
correlation are included and a realistic simulation of the total efficiency for elementary
emission points distributed in the volume of extended sources is carried out. The accuracy of
the values of the coincidence correction factor is 2 - 5% in the case of measurements with
conventional HPGe detectors, and from 5% (for nuclides with simple decay schemes) to 15%
(for nuclides with complex decay schemes and important higher order corrections) in the case
of measurement in the well-type detector geometry.

Some comparisons between the computations and precise experimental data are
presented in Fig. 1.
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Fig. 1. Computed / Measured values of FEPE (point source + conventional
HPGe detector and cylindrical source + well-type HPGe detector) and of Fc
(Se-75, Co-60, Y-88, Marinelli beaker source).

First, the ratio of the computed values of the FEPE to the measured values for a point
source placed at 10 cm above the end cap of a 124 cm3 HPGe detector is displayed. Detector
data provided by the supplier together with information available from an X-ray photograph of
the detector have been used. The effect of the rounded edges of the detector and of the slight
misalignment of the detector with respect to the symmetry axis of the end cap (visible on the
X-ray photograph) was included in the computations.

On the same figure the ratio of the computed values of FEPE to the measured values
for a cylindric sample measured in the well of a HPGe well type detector with a crystal volume
of 350 cm3 is also presented.

A last example is the ratio of the computed values of the coincidence correction factor
to the measured values in the case of a 11 solution measured in the Marinelli beaker geometry
with a HPGe detector with a relative efficiency equal to 50%. In Figure 1 the results for the
peaks of the nuclides Se-75, Co-60 and Y-88 have been included.

In conclusion, GESPECOR can be successfully applied in gamma-ray spectrometry
measurement of environmental samples.
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DEVELOPMENT OF AN UNDERWATER CHERENKOV DETECTOR TO REVEAL
SOURCES OF TECHNOGENIC RADIONUCLIDES

A.M.CHERNYAEV, I.A GAPONOV.
Russian Research Center "Kurchatov Institute", Moscow, Russia

L.V.LAPUSHKINA
National Research Institute "Electron", St. Petersburg, Russia

For monitoring marine radioactive contamination sources the underwater scintillation
detectors are extensively used, permitting in situ detection of radionuclides both from a surface
ship and from underwater vehicles [1], Detection of gamma-emitting radionuclides by the
underwater scintillation detectors does not involve any difficulties. The problem consists in
detection of the nuclides, when their beta-decay is not accompanied by gamma radiation. First
of all, it is true for strontium-90, which is the most significant nuclide from ecological
viewpoint.

To enhance the potentialities of in situ radioactivity monitoring in marine environment,
complex research aimed at the development of an underwater Cherenkov detector for
measuring of beta-decay nuclides, featuring a high sensitivity not only in deep-sea but in near
the surface sea water and characterized by a high level of the natural light background, has
been undertaken at RRC KI . To suppress the light background this project makes use of an
original method of optical filtration of light fluxes by the wavelength, making allowance for
differences in spectral characteristics of the Cherenkov radiation and atmospheric light, as well
as the optimal combination of optical and geometrical parameters of basic elements in the
photodetector [2],

A schematic diagram of the Cherenkov detector being developed is presented in Fig. 1
and it consists of a high-strength capsule (1) with a transparent inlet window (2), enclosing a
solar-blind filter (3), a photomultiplier (4) and an electronic module (5).

Nŝ ^̂ ^̂ <sŝ ^

FIG. 1 Structural schematic diagram of the underwater Cherenkov detector.
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The spectral sensitivity range of the Cherenkov detector is concentrated at the band of
220-300 nm. When passing to the spectrum visible range, the sensitivity decreases abruptly.
Moreover, the sensitivity drop occurs in such a way that atmospheric light integral values at
the output from the detector can not be distinguished, at the background of statistical
fluctuations of the Cherenkov radiation integral values, from natural potassium-40 radionuclide
present in sea water. The result mentioned is achieved by using the solar-blind filter
incorporating an air-isolated alkali metal layer deposited on a transparent substrate in
combination with the photomultiplier using either TeCs or TeRb photocathode. Besides, the
solar-blind filter contains an additional interference filter made from materials, which are
transparent in the working range of the spectrum. Our estimates show that the threshold
sensitivity of the detector module for strontium-90 in the sea water surface layer under the
most unfavorable conditions will make up approximately 400 Bq/m3 if the measurement
duration is 1000 s.
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OCCURRENCE AND TRANSPORT OF PHENYLUREA AND TRIAZINE
HERBICIDES FROM THE CHARENTE RIVER AND THE FLUVIO-ESTUARINE
ZONE OF MARENNES-OLERON TO THE COASTAL SEAWATER

P. Scribe, S. Chouakri, S. Dupas.
Laboratoire de Physique et Chimie Marines, Universite Pierre et Marie Curie, tour 24
5eme etage, 4 place Jussieu, 75253 Paris Cedex 05.

J.F. Dubernet
CEMAGREF-Groupement de Bordeaux, 50 avenue de Verdun, BP3, 33612 Cestas

FRANCE

Spatial distribution of herbicides has been investigated on the fluvial section
(Chalonne, Nersac, Sireuil, Bourg and Brives) and the estuary of the Charente River (1,3).

On a fluvial section from Angouleme to Saintes, monthly sampling shows that
atrazine, simazine, and desethylatrazine are continuously present all over the year
(Fig.l:around 200 ng/1). But higher concentrations were observed from April to July and
maximise (700 ng/1) when stored herbicides are flushed out from agricultural soils by rainfall
(Fig.l). Significant but erratic amounts of diuron, isoproturon and linuron are found
corresponding to local sources of contamination. Fluxes of atrazine, simazine and DEA have
been evaluated for four years of monthly sampling upstream Saintes. Large variations of the
desethylatrazine/atrazine ratios (DAR) were observed since 1994 from <1 to 10 depending on
the season and the climatic conditions.

01/01/93 20/07/93 05/02/94 24/08/94 12/03/95 28/09/95 15/04/96 01/11/96 20/05/97

-Atrdesethyl g Sim ng/l & Atr ng/l 1

Figure 1 : Concentration of DEA, simazine and atrazine in runoff of the Charente river at
Brives for 1993-1997
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From the inner and the outer estuary of the Charente river at two key-periods of the
hydrological cycle (spring and winter), atrazine, simazine, desethylatrazine and diuron
concentrations have been found dependent on sampling location and salinity of waters (2,3).

In drainage canals (Brouage, Charras, Marennes) high concentrations of atrazine and
simazine were observed in freshwater of drainage canals (atrazine: 7500ng/l, 21/06/1993)
during a sampling period (April-August) that locally may lead to large concentrations of
herbicides in coastal seawater (atrazine:400 ng/1; diuron:200 ng/1) (Fig.2).

Figure 2: Concentration of triazines and phenylureas in sea-water and drainage canals (4/5/91)

These investigations point out that multiresidues, in particular degradation products of
triazines and phenyureas must be considered in the environmental risk assessements of fresh
water quality control of rivers as well as coastal seawater, specially when agrochemical
contributions from drainage canals directly discharge into the sea.
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Black Sea has been subjected to various investigations from 19th century to present, due to its

unique oceanographic features and geological evolution. It has a surface area of 423 000 km

(excluding Azov Sea) and a volume of 547 000 km3. Black Sea is an intercontinental and

almost a miniature ocean with its geological structure.

There are six countries along the cost of the Black Sea, however the catchment area consists

of seventeen countries and a population of 165 million and is five times larger than the sea

surface area. The Black Sea catchment basin with an area of 2.5 million kmJ extends to

Central Europe through Danube River in the West; to Baltic Sea in the North; to Caspian Sea

in the East and Central Anatolia in the South. In spite of this large basinal area, its connection

to the ocean is rather limited. It is connected to the Agean Sea (Mediterranean Sea) by way of

the Turkish Strait System (TSS) including Strait of Istanbul (Bosphorus), the Marmara Sea

and Strait of Canakkale (Dardanelles).

Muskulc Sokak No. I. 34470 Vefa istanbul Tel: 00 90-212-528 2539
00 90-212-528 6022

Fax 00 90-212-526
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The growing pressure of population and industrial activities in a such a large catchment basin

increase the anthropogenic influences and pollution in the Black Sea. The most intensive

effects of pollution can be observed in the West Black Sea which is located between

Sivastopal in the North and Inebohi in the South. The West Black Sea is surrounded with the

Eastern side of Crimea Peninsula and lower plain plateau of South Ukraine to the North;

Balkan Peninsula (Romania and Bulgaria) and Thrace to the West and Kocaeli Penirisula

(Turkiyc) and West Black Sea Region (Turkryc) tp the South.

The major water input to the Black Sea is provided by the large rivers in its catchment area

and high precipitation in the region. The major rivers draining to the Black Sea are Dyneper,

Danube, Bug, Dynester, Sakarya and Filyos. The Danube river contributes approximately

60% of the water input and 20% of suspended material (24.1 million ton/year) to the Black

Sea. This sediment load carried by the Danube River is accumulated at the shallow

continental shelf. Therefore, Danube delta moves about 40 metres to the sea every year.

Domestic, industrial wastes and nitrogen, phosphor and pesticides derived from agricultural

activities are carried to the Black Sea by aforementioned rivers. Previous studies concerning

the pollution in the Black Sea are mostly in local scale.

Regional oceanographic investigations were carried out by remote sensing technologies. The

satellite imagery provides graphic information on the water quality and thermal in seas at the

times of the satellite overpass. Remote Sensing technology is an effective monitoring tool in

water studies in such large area (West Black Sea), by using near simultaneous sampling

measurement. The distribution of Chlorophyll-a, Total Suspended Sediment and Turbidity

concentrations were determined in the West Black Sea by using data provided by Landsat

Thematic Mapper (TM) during May 1992 in order to investigate the sources and pathways of

the pollution in the West Black Sea. Water quality studies were carried out along coasts of

Romania, Bulgaria, Thrace and Turkish Strait System (from the mouth of Danube River to the

Strait of Canakkale) by using Landsat TM data NOAA satellite data, and available surface

current pattern of the Black Sea.
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INTERCOMPARISON STUDY OF SAMPLING METHODS FOR THE

DETERMINATION OF POLYCHLORINATED BIPHENYLS (PCB) IN

SEAWATER

Detlef E. Schulz-Bull
Institute for Marine Research at the University of Kiel

The determination of organic pollutants in seawater is a serious problem,
as their concentrations in the water column are typical in the fg - ng/L range.
Available methods therefore includes extensive sampling and laboratory
work. The development of simple sampling techniques for organochlorines
(e.g. passive sampling with semipermeable membrane device (SPMD),
mussel watch) is required.

Three methods for the measurement of trace organochlorines in seawater
were investigated 1) the filtration (GF/F) and extraction (XAD-2 resin) of
seawater with an in-situ pumping system (KISP; Petrick et al., 1996), 2)
biological-accumulation by mussels (mytilus edulis) and 3) passive
sampling with SPMD.

The study was carried out over a period of 8 weeks in September 1997.
The mussels and the SPMD were deployed side by side at 15 m depth in
the Kiel Bay (Baltic Sea). Subsamples (triple) were taken every week, at the
same time discrete samples with the KISP (Fig. 1) were collected.

The extractions of the material, the sample clean-up procedures and gas
chromatographic measurements were carried out by standard methods for
the determination of chlorobiphenyls (CB) in seawater (IOC, 1993).

KIEL in-situ Pump

1: filter holder, 2: standard power pack housing, 3: housing for
electronic, 4: resin holder, 5: pump, 6: flow rate counter, a,b,c:
cable connections
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The KISP was the only system, that can separare the dissolved and
particular forms. Concentration of ZCBs (sum of 17 congeners) in solution
varied between 2 - 8 pg/L and in suspension between 40 - 55 pg/L This
suggests that suspended organic matter was the dominant carrier for these
relatively apolar substances. These concentrations are in the typical range
for the Baltic Sea (Schulz-Bull et al., 1995).

The concentrations of ECBs in mussels were between 100 - 480 ng/g lipid
material, with no obvious trend during the experiment. In comparison the
SPMD was less variable at each sample date and show a strong increase (
5.8 ng/g lipid after 7 days to 38.5 ng/g lipid after 60 days, corrected with
blanks) during sampling period. The blank values of the SPMD were very
low (about 1 -2 ng/g) and reproducable. At the end of the experiment the
SPMD material and the container was strong covered with algae. This
raises the issue that biofouling can affect the SPMD material and the SPMD
kinetics.

CB compositions were similar in all sample typs, but not identical (Fig. 2.)
The strongest contributions in mussels originate from CB No. 138 and 153.
The lower chlorinated CBs dominated in solution. The composition in
SPMD was most similar to the particulate composition.

25'
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•
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SPMD

Mussels

Solution

Particle
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CBNo.

Fig. 2 Mol % contributions of individual CBs to their sum in solution,
suspension, nTussels and SPMD.
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Monitoring is the repeated observation of a parameter in the environment in
order to detect environmental pollution or contamination in time and/or space.
The monitoring in the marine environment is mostly carried out by means of
conventional collection of the samples from research vessels. However, this
procedure can only provide data during the period when the research vessel is
available. The observation and thus the interpretation of the data is restricted
to the time of sampling in particular if the monitoring is to be done in a sea
area where the hydrographic parameters S and T are highly variable due to large
river discharges and/or high tidal currents. This will also dominate the
concentration level of contaminants and nutrients.

Permanent observation of paramaters at sea stations can only be obtained by
automatic sampling. The MERMAID technique developed in former projects [1]
provides a possibility to run automatic stations within the German MARNET
measuring stations to obtain data on nutrients concentration on line and to
collect organic micropollutants and the radionuclide 137Cs by solid phase
extraction from seawater and subsequent analysis in the laboratory. The BSH
MARNET consists of ten stations located in the German Bight sector of the North
Sea and the western Baltic.

The hydrography of the German Bight is influenced by the input from Atlantic
water through the Channel and by the input from the river systems from Rhine,
Ems, Weser and Elbe. In addition, the salinity at a given position is influenced
both by tidal currents and wind forces. The input of nutrients and harmful
substances into the German Bight occurs primarily from rivers [2]. This input is
highly variable in time depending on the river run-off. Nutrients in addition
show a strong seasonal dependence due to consumption during phytoplankton
production and remineralisation to inorganic constituents during the winter
period.

The hydrographic situation in the western Baltic Sea differs slightly from that
from the German Bight. This sea area is the transition zone between the North
Sea/Kattegat and the Baltic Sea. The high saline water inflow from the North Sea
occurs below the halocline. The water outflow of less saline water takes place
at the surface layer [3]. This exchange produces a highly variable hydrographic
condition at these locations.

During the three years project funded by the German Ministry of Research four
stations are equipped with MERMAID technology including automatic pump
photometers (APP) to determine Phosphate, Nitrate and Ammonia. Silicate will be
measured on one remote station.
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Fig. 1: The locations of the measuring network of the BSH (MARNET). The stations
"ELBE", DEUTSCHE BUCHT, NORDSEEBOJE III, and FEHMARN BELT will be equipped with
MERMAID components e.g. APPs for nutrient monitoring.

On two of the stations an automatic sampler for organic micropollutants (and
137Cs) (ASOM) will be installed. This ASOM collects water samples in a remote
controlled manner and retains the organic pollutants on filters and organic
solid phase adsorbers. The station will be maintained in a three weeks intervall
during winter period and six weeks intervall during summer; during this
maintenance the absorber are to be changes for final analysis in the laboratory.

First results from the time series of nutrient and organic micropollutant
concentrations will be presented.
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The near-shore zone is the most interesting sea region for coastal engineering.
In this region the most effective changes in coastal morphodynamic takes place due to
intensive sediment transport generated by waves and currents. The processes
occurring in this zone are of great importance for coast protection and hydrotechnic
activities as well as recreation. They are extremely complicated due to their stochastic
character in the time and space domain.
The most valuable information concerning the dynamics of bedload transport and its
local character is provided by the field surveys. Such investigations are carried out
under natural conditions and take into account the characteristic properties of the
region.
The subject of the work was the study of bedload movement for the multibar
conditions. The aim was determination of the main characteristics of this movement:
- critical velocities of single grains motion and mass transport beginning;
- thickness of the mobile sediment layer,
- mean velocities of bedload sediment motion,
- intensity of sediment transport.
The field study was carried out in a mulubar (4-5 bars) coastal zone 700 m long and
about 1000 m wide at Coastal Laboratory near Lubiatowo (southern coast of Baltic
sea). Sediment transport in this region was the object of intensive and complex field
studies by the use of radiotracer method [1],

The most effective way to investigate the sediment transport processes under
natural conditions is a tracer technique. The characteristic advantage of this technique
is noninvasive observation and measurement of parameters of the bedload or
pollutant transport in sea bed floor. Especially the radioactive tracers provide the most
reliable information concerning of examined process due to measurement of nuclear
radiation (continuous detection, no sampling necessity). The isotope of lMIr was used
as a radiotracer in the work. The "2Ir was a component of specially prepared glass

grains of the diameter of 0,020 - 0,025 cm and density of 2668 kg/m3. The tracer was
introduced at selected points of the coastal zone in order to cover its most interesting
regions. As a result of interaction of waves and currents on the sea bottom, bedload
motion was evaluated on the base of measured tracer distribution within a region
under test [2].
During the experiment run the basic meteorological and hydraulic parameters were
recorded;
- wind (direction and velocity),
- wave (amplitude and period);
- current (direction and velocity).
It has been obtained that the motion of single grains of the bedload appears at the
water velocity equal to 8 - 12 cm/s. The start of mass transport occurs at the water
velocity of 30 - 40 cm/s.
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Core samples were analyzed, and result obtained indicates the stratified
structure of bedload transport. The two layers of bedload move with different
velocities. The mass transport in the layer of some centimeters occurs simultaneously
with the surface motion in the very thin layer (some several diameters of bedload
grains). In the cases of small interaction between the wave and the bottom the
transport of sediment occurs in the surface layer only. Relationship between mean
velocities of surface and mass bedload transport and water current velocity was
obtained.

The results obtained give the possibility to elaborate empirical model of the
global sediment transport rate for the multibar conditions. The solution of the model
for the different conditions has been presented in the form of nomograms [3],
Example nomogram have been shown at fig 1.

0.02

FIG.l. The global sediment transport Q versus angle of breaking waves ctz for
different values of breaking waves height Hz

REFERENCES

1. Owczarczyk A., Strzelecki M , Szpilowski $., Wierzchnicki R., Basinski T., New
application of radioactive tracer method for the sediment movement measurements in
the near-shore zone. Isotopenpraxis 25(1989) 8, 330-340.
2. Owczarczyk A., Pruszak Z., Szpilowski St., Wierzchnicki R., Zeidler R., Badanie
ruefnt osadaw w morskiej strefie brzegowej metoda radioznacznikowa. (m polish)
Rozprawy Hydrotechniczne, 54, Gdansk, 1991.
3. Wierzchnicki R., Charakterystyfa i parametryzacja ruchu osadow dermych dla
warunkow wiehrewowej strefy brzegowej na podstawie badan terenowych, (PhD
thesis), (in polish) , Polish Academy of Sciences - Institute of Hydroengineering,
Gdansk, 1997.

417



IAEA-SM-354/99P XA9951346

Mobility of sedimentary Re during oxidation and subsequent long-term
burial in reducing sediments

John Crusius; IAEA Marine Environment Lab; BP 800; MC 98012, Monaco;
e-mail: crusius@monaco.iaea.org

John Thomson; Southampton Oceanography Centre; European Way, Empress Dock; Southampton,
SO14 3ZH, UK; e-mail-Jonn.Thomson@soc.ac.uk

The geochemical behavior of Re is interesting for a number of reasons. It is a stable analog
of "Tc, a long-lived radionuclide produced during the nuclear fuel cycle that is relatively mobile in
the environment. Rhenium is also interesting in that it is enriched in reducing (suboxic) sediments,
slightly later in the redox sequence than U1, and the extent of Re enrichment over crustal
concentrations is greater than observed for any other element12. An increase in the areal extent of
reducing sediments is predicted by many of the models invoked to explain the 30% decrease in CO2
concentrations during the last glacial period (21 kyr ago). Investigations of the spatial pattern of Re-
enriched sediments from that time interval will prove important in evaluating that possibility. In this
work we assess the mobility of Re during long-term burial, which is important from the standpoint of
its use as a 99Tc analog and its use as an indicator of past reducing sediments.

The sediments studied in this work are all from the Madeira Abyssal Plain (MAP), which bes
mid-way between northwest Africa and the Mid-Atlantic Ridge and is centered near 31°3O'N,
24°30'W, at a depth of-5400 m. A single turbidite has been typically deposited in the MAP area with
each sea level change, probably resulting from the instability of the source sediments at those times3.
Upon deposition the surface of each turbidite lies exposed to oxygenated seawater, with minimal
sedimention on top, until buried by the next turbidite. Organic-rich, reducing turbidites are thus an
ideal natural laboratory to study the effects of oxidation over thousands of years on geochemical
signals, as well as the effects of subsequent long-term burial. The turbidites are typically
compositionally homogeneous with little or no sedimentological grading upon deposition3. Thus,
post-depositional mobility and/or degradation can be readily detected from any deviation from
constant concentration with depth.

Core 11805 includes a thick turbidite (>11 m) that was deposited 250,000 years ago and
contains a redox front that is still active, as no other turbidite has been deposited on top of it . The
organic carbon content of the unoxidized portion of the turbidite is 0.7%. The turbidite has been
covered by 50 cm of brown clay since deposition. Oxygen has penetrated to a depth of 120 cm at
present, which defines the current redox front (70 cm into the turbidite). In the oxidized portion of
the turbidite the %COIS has diminished to 0.2%, and authigenic U and Re have been mobilized,
lowering their concentrations substantially by comparison with the depths below the redox front (Fig.
1). Below the depth of-1.7 m the U concentrations remain fairly constant and represent the
concentration at the time of emplacement. Between the redox front and 1.7 m depth some of the
oxidized U has been re-immobilized in a peak ~0.5 m broad, as has been observed in many other cores
5. The Re profile is quite different from that of the U profile, as Re concentrations increase slowly
immediately below the redox front, reach a peak at a depth near 3 m and decrease gradually below to
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Fig. 1: Data from core 11805 from the MAP area (see above), where O2 penetrates to 120 cm. A) U
profile (from ref 4), B) Re profile spanning lm near the redox front. Diamonds denote data from ref
2. Squares denote data from the Kasten core, C) %C?rg profile (from ref 4), D) Re profile spanning
12 m. Squares denote data from Kasten core, while circles denote data from the piston core. The
dashed line in C&D denotes the top of the turbidite. Note the different depth scales in A&B vs C&D.
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a constant value near 7 m depth. As is the case with U, the constant value towards the base of the
turbidite represents the Re concentration at the time of emplacement, while the very broad peak above
this contains a portion of the Re that was mobilized from the oxidized portion of the turbidite. We
hypothesize that the moderate organic carbon content of this turbidite has resulted in broad spacing of
redox fronts upon burndown, with U immobilized at a depth that is substantially shallower than
immobilization of Re.

By assessing the deficit of U and Re above the oxidation front and the surplus within the
peak one can estimate how much of that which was mobilized during oxidation was re-immobilized
below. In the case of U, there is in fact a 43% surplus, reflecting uptake of uranium from seawater in
addition to that from the oxidized turbidite4. In the case of Re, there is a comparable excess in the
peak, although precise quantification is hampered by the slight offset between piston and Kasten core
data (Fig. ID).

Turbidite t from core MD24 was deposited -700 kyr ago and experienced oxidative
burndown for ~10 kyr (Thomson, unpublished data). Turbidite t is the most organic-rich turbidite yet
recovered from the MAP area, with 1.7% Corg in the unoxidized portion (Fig. 2). Within the oxidized
portion of the turbidite the %Corg has decreased to 0.2% and authigenic U and Re have both been
mobilized, greatly reducing their concentrations (Fig. 2). Uranium has been re-immobilized in a
broad peak spanning -0.5 m immediately below the relict redox front in this core as well. This peak
has been demonstrated to have remained immobile over the 700 kyr since burial by a U-Th isochron
method 5. The Re profile maintains a very similar shape (Fig. 2), with a maximum immediately
below the relict redox front with concentrations levelling off some tens of centimeters deeper.
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Fig. 2: Core MD24, turbidite t, -700 kyr old. The dashed line at 23.6 m denotes the top of the
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turbidite. A) %Cons, (from ref 5) B) 238U activity (from ref 5) and C) Re concentration.

The similarity of the Re profile to that of the U profile shape, coupled with observations of similar
geochemical behavior of the two elements in recent sediments1 , suggest that the Re, like U, was
mobilized during oxidative burndown and subsequently immobilized below. We hypothesize that the
depth scales of re-immobilization of the two elements are similar in this case because the redox
boundaries were compressed during burndown within this organic-rich turbidite. The similarity of
the Re and U profiles also suggests that Re has remained immobile since burial, as well. Certainly the
sharp Re gradient at the relict redox front argues convincingly that Re cannot be diffusing upward
significantly over the 700 kyr since turbidite burial.

The U and Re concentrations towards the base of the turbidite again represent the
concentrations at the time of emplacement. By assessing the deficit of both elements above the
oxidation front and the surplus within the peak we estimate that between 70-100% of that which was
oxidatively mobilized has been retained below (Fig. 2D).

To summarize, it is clear from all of our data that Re is readily oxidized from reducing
sediments upon exposure to O2, but that it remains immobile in unoxidized reducing sediments upon
burial for up to 3 Myr (not shown). In the two examples displayed here most, if not all, of the
oxidized Re is re-immobilized below, however in other examples (not shown) this is not the case. In
all cases any re-immobilzation of oxidized Re occurs over a depth scale of-0.5 m to ~5m, the
immobilization distance decreasing within more strongly reducing, organic-rich sediments.
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Sediment transport phenomena are important in marine ecology and coastal
engineering using zones where the river drawn sediments are settled down. As a rule,
sediments contain various chemical and biological pollutants. River mouths serve as
natural collectors of pollutants from a watershed, therefore surveys of sediment fluxes
in these regions are highly important. Moreover, because sediment loads can be high
following storms and during persistent heavy wind, it is especially important to follow
predominant sediment trajectories during these periods. Hence, simple and reliable
methods of monitoring sediments of specific origin could be helpful in forecasting
pollutant influx, accumulation and redistribution in river mouths and coastal zones.

Different tracer methods: fluorescent, magnetic and radio-isotopic are widely
used for studies of sediment dynamics [1-4]. The use of natural and artificial
radioactivity of the sediments has pronounced advantages, as radio-isotopes can be
detected at very small concentrations, their properties are independent on external
effects, and they can be measured using natural sediment loads. Though the use of
artificial radioactive tracers can be informative, it has some principal disadvantages
including potential radioactive pollution, danger for human health and the need of
complicated instrumentation.

The aim of this paper is to present a method using natural radioactivity of
sediments to follow their movements in a river-sea system. This method is based on
measuring the differences between radioactivity of transported river sediments and
of sea bottom sediments.

For studies of the sediment transport in the river mouth areas in the Black Sea,
Caspian Sea and Lake Kinneret we used two methods:

1. continuos underwater radiometric observations.
2. gamma-spectroscopy.
The first method (underwater radiometry) uses submersible radiometers of

different systems with onboard registration of the recordings, continuously measuring
total gamma irradiance of bottom sediments along the vessel route. The results
obtained from the submarine radiometric survey are in the form of records of the
irradiance intensity. The largest differences in intensity of the gamma irradiance are
observed at the borders of the bottom sediments of different origin (river alluvium and
sea bottom sediments). Regions of the sediments of different faces and different ages
are well outlined by isolines of gamma-radiation intensity. As the gamma-radiation
intensities of the sea bottom sediments are small (2.5-6.0 microroentgen per hour), the
occurrence of anomalous values permits exact mapping of the river fans of the river
alluvium.
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The gamma spectroscopy (method 2) uses laboratory measurements of the
energetic spectra of the gamma irradiance of the bottom sediments, sampled at
different points of the studied area.

The results of investigations of sediments dynamics of the Kuban River (Black
Sea), the Terek River (Caspian Sea) and the Jordan River mouth (Lake Kinneret),
obtained during a calm period and after winds, showed that river diluted silts with size
of less than 0.01 mm correspond to the area of maximum intensity of gamma activity,
equal to 6.0 or more microroentgen per hour. Sandy silt of 0.01-0.05 mm diameter
corresponds to the area of a high intensity of 4.4-6.0 units. Isolines of moderate
intensity (3.0-4.5 units) demarcates the area of the fine fractions of river origin. The
sediments of marine origin are characterized by the intensity of gamma-radiation <2.5
units. As there is close interrelation between the intensity of natural gamma
radioactivity and the logarithm of the percent of silt fraction content, radiometric
measurements, using both methods, allow determination not only of the area of river
sediment accretion, but also of the predominant fraction in the sediments.

The main advantage of the continuous underwater radiometric survey (method
1), while comparing with other methods (e.g., sediment sampling), is the lower amount
of effort involved in data acquisition. The river alluvium distribution depends on
hydrometeorological conditions that frequently change (on the scale of several hours).
A submarine radiometric survey made by towing a radiometer and recording gamma
activity also lasts several hours allowing real-time comparison of sediment migration
and hydrometeorological conditions.

The use of natural radioactivity in the study of sediment transport in river
mouths can provide the following information:
- sediment composition of large built-up forms (sand bars and spits) under different
conditions;
- location of zones of maximal influx and accumulation of pollutants deposited by the
river;
- location of zones of erosion;
- change in littoral zone relief due to sediment transport and decomposition under
varying conditions.
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Accumulation Of Petroleum Hydrocarbons In Zooplankton Of Banyas
Coastal Waters (Syria)
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We present in this paper the distribution of petroleum hydrocarbons in seawater
and their levels in a zooplanktonic samples. Sampling operation was carried out between
August 1995 and November 1996 in the coastal area of Banyas city (F.astern
Mediterranean). Petroleum hydrocarbons concentrations were ranged between non
detectable values and 16.4 u.g/1 in seawater, and between non detectable values and 4304
ug/g do weight in zooplanktonic samples.

Sea water and zooplanktonic
samples were collected from three
oceanographic stations, along the coast of
Banyas city (figure 1), Sampling operations
were carried out from August 1995 to
November 1996 for seawater, and from
December 1995 to November 1996 for
zooplankton. The different sampling
stations were characterized to present
different types of pollution; station 3 is
located near the discharge effluents of
Banyas refinery.

35°1O'N

35°55 '56' 57' 58'E

EigureJ..: Geographic localization of
different sampling stations.

Water samples were collected at 0.5 meter below water surface, using 2.5 liters
pre-cleaned Labe-Line water sampler. Dissolved and dispersed petroleum hydrocarbons
were extracted with a mixture of n-hexane:di-chloro methane (50:50 v.),and evaluated by
spectrofluorimetric technique; the precision is 5% for a petroleum hydrocarbons
concentration of 10 (.ig/1. Zooplanktonic samples were collected using a WP2 net (200
(.im), they were filtered on Whatman GF/A pre-treated filters at 450°C for 2 hours and
extracted later by a mixture of n-hexane:Acetone (80:20 v.) in Soxhlet (Marchand,
1983). The fluorescence of different extracts were determined using JASCO
Spectrofluorimeter FB-777 and chrysene as an inteixopmarison chemical standard.

Petroleum hydrocarbons concentrations were ranged between non detectable
values and 16.4 u.g/1 in seawater (table 1) and between non detectable values and 4304
Hg/g a™ weight in zooplanktonic samples (table 1), the maximal values were recorded in
both water and zooplanktonic samples of station 3, reflecting an important impact of the
Banyas refinery's effluents on the coastal ecosystem.
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Table 1: Concentrations of petroleum hydrocarbons in seawater (ug/1) and in
zooplankton (ug/g dry weight) and some related data, for the coastal area of Banyas city
(Syria)

Station
Range
Mean
Standard Error
Standard Deviation

Petroleum hydrocarbons
in seawater

St.l
0.00-0.78

0.36

0.14

0.34

St.2
0.58-3.22

1.31

0.39

0.97

St.3
1.20-16.4

6.07

2.19

5.35

Petroleum hydrocarbons
in zooplankton

St.l
0.0-365.5

169.03

94.24

188.49

St.2
48.5-216.5

116.10

39.37

78.73

Sl.3
102-4304

1492.50

965.67

.1931.36

The obtained concentrations of petroleum hydrocarbons in seawater are in
accordance with those registered by Noureddin et a/. (1994) for the coastal area of
Banyas city. The level of these pollutants in zooplankton recorded in this study coincide
with the results of Ahel (1985) and Serrazanetti et al. (1994). The relation between the
concentrations of petroleum hydrocarbons in zooplankton and in seawater is illustrated in
figure 2.

6000

j —»—Predicted Y

4 " 6 8 10 12
Hydrocarbons In sea water (ug/1)

14 16

Figure 2: Relation between the concentrations of petroleum hydrocarbons in
zooplankton and in seawater (K = 221.68 + 179.8 x).
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SOURCES ET ORIGINES DES HYDROCARBURES DANS LES SEDIMENTS
SUPERFICIELS DE LA BAIE D'ALGER

SELLALI D-, CHOUAKRJ S., SADOUNI N., BENCHIKH S, et OUNADI F.

Laboratoire de pollution marine, ISMAL, BP 54, Sidi-fredj, Staoueli, Tipaza, Algérie.

Les polluants pétroliers prcscnU dans ICB sédiments superficiels prélevés en avril 1995 dans la
baie d'Alger, sont analysés par chromatographie en phase gazeuse (colonne capillaire et
détecteur FID). Cette technique, outre la détermination des niveaux de base, permet la
caractérisatiun tics sources et origines des hydrocarbures dans le site d'étude,

Ce dernier (Fig. 1), décrit par do nombreux auteurs, est caractérisé par des rejets domestiques
et industriels, particulièrement concentrés dans la partie Ouest, où sont implantés les quelques
185 ha du port d'Alger.

Figure n°l : Localisation des points de prélèvements de

Les hydrocarbure» identifiés se traduisent sur les çhromatogrammes par un massif non-résolu
(UCM : Unresolved Complex Mixture), synonyme d'apports importants, et par des pics
résolus qui émergent de ce massif.

Les distributions des hydrocarbures non aromatiques (HNA) et aromatiques (HPA) apportent
un certain nombre d'éléments qui précisent la localisation des sources de pollution présentes;
La plus remarquable est constituée par le port, qui, au-delà des nuisances liées à l'activité
portuaire proprement dite, reçoit des émissaires urbains qui drainent les eaux usées de
1 agglomération algéroise. Cette source caractérise un secteur occidental plus riche en
hydrocarbures totaux (117 - 1820 ug/g) que le secteur oriental (19-96 ug/g)
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Lea hydrocarbuxes rcsolun detected ont pour origine majeure lei cires cuticulairea des
vegetaux continental (CPI23 _ 31 et R29 _ 31 supcrioure a 1) (Boutoubaul et SsJIot, 1993).
Unc source autochtonc constitute par des compoads hydrocarbon^ des bacicrics et du
phytoplancton eat cgalcmcnt miae en evidence.

Les HPA non-aubutitue'B et, par consequent iasus de processus do combustion / pyrofyse, sont
confines dans le scclcur occidental de la baie lequel cat soumia a une pollution modê dmem a
fortemenl pctrogeniquc, selon l'indice M0P1 (Marine Oil Pollution Index) (Payne et

Plus a l'Est, Les nivcaux ainai que lea taux de degradation des bydrocarbures diminuent; ce
socteur cat sous 1'influence de sources biogenes avec quelques traces de p&rogenc,

Enfin, le rapport priBtane/phyUno prochc de 1, caractdrise un p&role polluant do type alg6rjen
(Albulgiarfoi, 1978).
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Particle flux model

Vertical transport of suspended particulate trace elements
in the North Atlantic Ocean
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D-24105 Kiel, Germany

§ Geologisch-Palàontolisches Institut und Museum der Universitât Kiel, OlshausenstraBe 40,
D-24118 Kiel, Germany

Suspended marine particles are important in controlling the distribution of most trace elements (TE) in
the oceans because of their large surface area and long residence times. They can release bound
elements back to seawater by microbial decomposition, desorption and dissolution. On the other side,
they can adsorb (or scavenge) TE from the dissolved phase. To provide more information to this issue
trace elements (TE) in
suspended particulate
material (SPM) have
been measured in the
frame of German JGOFS
on three cruises from
1995-1997 at 5 North
Atlantic stations along
20°W using a large
volume in situ filtration
system (KISP; Petrick et
al., 1996). About 60
SPM samples have been
collected out of 100 to
400 L of water between
25 m to 4150 m depth.
For in situ sampling of
suspended particulate
TE the seawater was
sucked from the KISP

Sinking particle

• * V Suspended
' . ! ! . * particles

total

Sediment trap

Initial

500 m

1000 m

D:

T:

4000 m

Initial particle flux

Total particle flux

Vertical flux of suspended

particles

Depth interval

Residence time of SPM

(from 2Xïb profile)

Theoretical transport-

speed of SPM

Fig. 1 : Aggregation of SPM onto sinking partikles (modified from Sherrell and

Boyle, 1992); from 2MTh-profile a theoretical vertical transport speed (y^) can

be estimated.

inlet tubing directly through the filter. The PTFE-filter holder (142 mm, Sartorius), the connection
units, and the polyethylene tubings have been thoroughly cleaned before use in accordance to trace
element clean technique. After recovering, the KISP's were positioned close to a clean bench and
HPW was sucked through the filters, afterwards the filters were foalded, rolled up, pushed into their
store tubes and finally freezed to -20°C. After drying the SPM-weights on the filters have been
determined; correction for seasalt residue was performed by Na-measurement. The filters were
destroyed with chloroform and afterwards totally digested with a 1.3:3 mixture of subboiled nitric acid,
hydrofluoric acid and perchloric acid ('suprapur', Merck) at 160°C in teflon pressure bombs for about
12 h. Afterwards, the solution was evaporated to dryness and redissolved in dilute nitric acid
(HNOJ/HJO 1:10). Final analysis of Al, Ca, Fe, P and Ti was performed by inductively coupled plasma
atomic emission spectroscopy (ICP-AES; ICP 40 model of Perkin-Elmer). The measurement of Cd, Co,
Cu, Mn, Ni, Pb, and Zn was done by flameless atomic absorption spectroscopy with Zeeman
background correction (FAAS; 4100 ZL model of Perkin-Elmer).
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Main Results

(1) Vertical profiles of particulate TE-concentrations are presented and discussed with emphasis on the
JGOFS-L2 (47°N/20°W): Some elements (e.g., Cd) exhibit an exponentally decreasing particulate
concentration, others show a more or less distinct maximum (e.g. Fe, Al) between 500 and 1200 m (in
the main thermocline) in a layer of intensive remineralization and disaggregation and weak vertical
mixing.
(2) Regional gradients and depth variabilities ofTE-contents in particulate material are shown.
(3) Vogler et al. (in press) determined and interpreted vertical profiles of suspended particulate "''Th
concentrations with the 'reversible exchange model' according to Bacon and Anderson (1982). They
calculated an average vertical transport of SPM of 800 m/yr for this region. The suspended particulate
TE profiles are interpreted with a particle flux model (Fig. 1) with regard to this result and
hypothesized particle-particle and particle-solution interaction.
(4) The vertical transport of suspended particulate TE is compared with the TE flux of sinking particles
determined by sediment traps from the same location (Kuss and Kremling, in press).
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INFLUENCE ON RADIONUCLIDE TRANSFER TO THE OCEANS
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One portion of the marine radionuclide inventory has had a significant residence

on land, either in the aquatic system, in the case of liquid discharges of nuclear installations

or in the terrestrial system in the case of atmospheric deposition. Migration of theses

radionuclides to the oceans is controlled by the tendency of the element in question to

adsorb or to remain in solution (dissolved load) and the ability of surface waters to remove

and transport particles (adsorbed load). Results for the Swiss aquatic system on

radionuclide speciation, particle erosion and transport illustrate the phenomena and help to

quantify the migration processes.

The first example deals with liquid discharges from nuclear power plants and their

behavior in the river sections downstream. ^Co represents an ideal test case because of its

known mobility [1] and its participation in most relevant biogeochemical aquatic processes.

Data collected in various river and lake systems of Switzerland allow calibration of a model

which combines codes developed for the physics of aquatic systems [3] with a metal

speciation code [2]. In spite of the long list of parameters controlling the behavior of Co,

critical single parameters, such as the concentration of organic ligands have been found to

explain results collected in situ (FIG. 1).

FIG. 1. Speciation of cobalt in the rivers Aare

' and Rhine below the Swiss nuclear power
£ 90 .DLmax."

80 - ^BLmin •-
o — plants at pH 8; 'free' indicates the cationic form;

_ adsorbed, the portion associated with

~ suspended particles and complexed, the portion

— that reacted with natural organic ligands (Lmin

~ = 1.4nM; Lmax - 7.6nM [4]). Both 'free' and

— complexed forms are more readily transported
'tree1 adsorbed complexed , ,

toward the oceans.

FIG. 1 also shows that depending on ligand concentration the majority of Cobalt is

organically complexed, which reduces its adsorption ability and explains its mobility.
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The second example illustrates the importance of erosion for the transport of

strongly particle-reactive radionuclides like Plutonium and Cesium. Sediment cores from

Swiss lakes indicate l37Cs maxima related to atmospheric atomic bomb testing and the

Chernobyl accident, but transport to the lakes continued after deposition as a result of

erosion in the catchment area (FIG. 2). For 239Pu a maximum of 2 Bq/kg is found in

sediments from the 1960ies, but activities have remained at a relatively constant level of 0.2

Bq/kg in the 1970ies and 80ies, dropping in recent suspended matter to 0.1 Bq/kg.

Quantification of erosion processes is still difficult, because they depend on external

(weather pattern, agricultural activity) and internal (mineralogy and physics) parameters,

which remain poorly defined. Based on data from Swiss lakes it is possible to estimate Cs

and Pu removal for much larger catchment areas. Such erosion processes are of particular

importance in contaminated areas.

n FIG. 2. Depth distribution of l37Cs

(decay-corrected to the date of

sampling, 7.12.97, open circles and

to the time of deposition, filled

circles, with 2o measurement error)

in a sediment core from lake Greifen.
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area.

On the basis of reports on liquid discharges from nuclear installations world wide,

an estimate of the portion of radionuclides, which reach the oceans can be carried out using

the Swiss test case as representative. Similarly, erosion estimates for Switzerland allow an

assessment of the bomb and Chernobyl-related flux toward the oceans.

This research is supported by the Swiss Federal Nuclear Safety Inspectorate (HSK)
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THERMOCLINE CHEMISTRY

DAVID W. DRYSSEN
Department of Analytical and Marine Chemistry, Goteborg University, Sweden

The chemocline is the borderline between the upper oxygen-containing (oxic) seawater and
the sulfide-containing (anoxic) seawater below, i.e. the borderline between the living and dead
sea.
The three most studied waters with more or less permanent chemoclines are the Black Sea, the
Baltic Sea at the Gotland Deep and the Norwegian fjord Framvaren. All these three waters
were created during the latest deglaciation some 8000 to 10000 years ago.
Any change in the nutrient load or the meteorological and hydrological conditions will shift
the depth of the chemocline and thus the living conditions for the marine life.
To be more specific: The hydrological conditions in the Black Sea can be changed by using
the river water for irrigation which will shift the water balance. The density of the oxic layer
will increase and the chemocline depth will decrease, i.e. move upwards.
Last year the summer in July and August was unusually warm in the Scandinavian area.
Noxious algae blooms occurred, but the effect of the fallout in August-September on the
Gotland Deep was not measurable with the analytical methods that were used.
Framvaren is connected with the North Sea through a man-made channel with a sill depth of
2-3 m. The chemocline at 20 m has been shifted downwards from 18 m in the last 15 years. It
is tempting to deepen the channel in order to allow larger vessels into the fjord. This would
lower the chemocline, but release hydrogen sulfide and kill off all fish in the oxic layer by
asphyxiation.
All three areas are affected by river inflows and runoff. Besides the fresh water content of
nutrients two river-borne species affect the systems: dissolved silica (Si(OH)4) and iron (Fe2+

and Fe(OH)3). The supply of silica is necessary for the spring blooms of siliceous algae and
the fallout of biogenic opal. Iron is not only an essential trace metal but its availability is
affected by the chemocline chemistry.
The most difficult part of the chemocline chemistry is the sulfur chemistry and microbiology.
In the 3rd edition of Methods of Seawater Analysis (1) the chapters on the determination of
hydrogen sulfide, sulfur and thiosulfate have been revised. In the future more attention is
going to be given to elemental sulfur since it seems to be the key product of the reaction
between oxygen and hydrogen sulfide and reaches its maximum concentration in the
chemocline. Ralf Steudel has focussed the attention on the formation of polythionates (2) and
devised methods for their determination (3). Below the chemocline elemental sulfur is present
as polysulfides ((H2Sn).
The chemocline and the anoxic water below the chemocline affects many of the trace metals.
The dissolved concentrations of the metals are determined by the solubility equilibrium, e.g.
MS(s) + H+ <=> M2+ + HS" (see ref. 4) and the complex formation equilibrium M2+ + 2HS' <=>
M(SH)2- A few reliable equilibrium constants have been obtained for iron(II) (6.45), zinc
(12.9), cadmium(13.8) and mercury (37.7). As judged by the constants for mercaptoethanol
(HOCH2CH2SH) in Table I the complexes MSH+ may be neglected.
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Table I. Formation constants for metal complexes with mercaptoethanol.
Mn(II) 1.8 Cu(I) 16.7
Fe(II) 2.5 Ag(I) 13.4
Co(II) no value CH3Hg+ 15.9
Ni(II) 3.9 H+ 9.72
Cu(II) 8.1
Zn(II) 5.7
Cd(Il) 6.1
Hg(II) 20.0
Pb(II) 6.6

Only two beneficial properties may be connected with the chemocline: dinitrification
(elimination of ammonium and nitrate by formation of dinitrogen, N2) and the eleimination of
a few toxic metals (e.g. cadmium and mercury) by coprecipitation with FeS and FeS2-
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INVESTIGATION OF RADIONUCLIDE CONTENT IN GULFS AND BAY

CHYERNAYA OF ARCHIPELAGO NOVAY ZEMLYA.
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P.B.Malakhov, N.V.Skovorodkin.

V.G.Khlopin Radium Institute

St.-Petersburg, Russia.

In August - September 1993 a group of scientistst of the V.G.Khlopin Radium

Institute , Navy of the Russian Federation and National Centre "Kurchatov Institute"

on board the research vessel "V.Kavraiskyi" conducted the radiation survey of

radioactive waste dumping grounds in Kara Sea and in gulfs of archipelago Novaya

Zemlya.

The survey was made in the Abrosimov, Stepovoy, Tsivolky, Oga, Sedov,

Techenyi, Blagopoluchiay Gulfs , in the Chernaya Bay as well as in the

Novozemelyskaya Deep. In each gulfs 2 - 3 stations were organized on which samples

of sea water, bottom sediments and biota were collected from various the horizons, and

doze rate and volumetric activity of water were measured by immersible (underwater)

stintilation gamma spectrometer.

The concentration l37Cs in samples of sea water from gulfs of the Archipelago

Novaya Zemlya is within the range 8-40 Bq/m3.

In this report the results of analyses made at the Radium Institute for samples of

sea water and bottom sediments from the Abrosimov, Stepovoy, Tsivolky, Oga, Sedov,

Techenyi and Blagopoluchiay Gulfs for 90Sr, l37Cs, Pu and 2l0Po will be presented. In

addition, the results for bottom sediments from the Chernay Bay, where in the fifties

and sixties underwater and sea level nuclear explosions were conducted, will be

described.

The Radium Institute has performed the radiation monitoring monitoring of the

Chernaya Bay for last six years. Specific activity l37 Cs of bottom sediments is 20 - 240

Bq/kg, and that 90Sr -25 - 35 Bq/kg. These results are compared with early published

data.

As a result of investigation performed on radioactive waste of dumping

grounds no anomalies with high parameters of radiation situation were revealed.
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Validation of a marine dispersion model for the calculation of doses to the European
population
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National Radiological Protection Board, Chilton, Didcot, Oxon 0X11 ORQ,
United Kingdom

Marine dispersion model
A marine dispersion model has been developed at the National Radiological Protection Board
(NRPB) to assess the radiological impact of radioactive discharges into the marine environment.
The model is derived from the compartmental model developed for the MARINA project1 and
forms part of the more general European Union methodology for assessing the radiological
consequences of routine releases of radionuclides to the environment2. It describes the significant
movements of radioactivity in European coastal waters. In the model, the different areas of the
European marine system are represented by compartments and the movement of radioactivity
between compartments is modelled using transfer rates. The regional marine model is interfaced
with a local compartment model, usually represented by a single compartment, into which
radioactive liquid effluents are assumed to be released. The local compartment describes the local
environmental conditions, which may be very important in determining the impact of the
radioactive waste. The transport processes considered in the model are: advection, diffusion and
interaction with sediments. The adsorption of activity by sediments is due to both partitioning of
the activity between the liquid phase and the solid phase (suspended sediments) and the removal
of activity from the water column to bottom sediments. Both processes are modelled using
element dependent distribution coefficients (kj). The removal of activity from the water column
is described by a particle scavenging model. Each sea compartment has associated a seabed
compartment divided into two layers. The removal of radioactivity is determined by distribution
coefficients and by the rate of settling of the paniculate matter. Movement between the two
layers, burial in deep sediment, and the return of radioactivity to the water column through
bioturbation and diffusion are also taken into account.
The model predicts radionuclide concentrations in seawater, in suspended sediments and in seabed
sediments. Concentrations of radionuclides in seafood are calculated from activity concentrations
in seawater using equilibrium concentration factors. Activity concentrations in sand are related
to the concentrations in the top layer of the seabed. The predicted radionuclide concentrations
in marine materials are then used to calculate the intakes of these radionuclides by man through
ingestion or inhalation, while activity concentrations in sediments are generally used to calculate
intakes through inhalation of resuspended material or dose rates for external exposure.
The NRPB marine dispersion model has been used in all the studies carried out at NRPB on the
radiological consequences of releases into the sea. These studies include the assessment of the
radiological exposure of the population of the European Community from radioactivity in the sea
(MARINA and MARINA-MED3 projects) and the calculation of the present and future doses
likely to be received by people living in the UK coastal region of the Irish Sea4> 5.

Validation of the model
A calibration of the marine dispersion models developed by Grimwood6 and Evans7, on which the
NRPB marine model is based, was carried out by Hallstadius et a/8. Activity concentrations of
137Cs in the seawater of the North Sea, Skagerrak, Kattegat and Baltic Sea predicted by the
models using historical discharges from Sellafield, Cap de la Hague and Dounreay were compared
with measurements taken in the same areas. Transfer rates between compartments were adjusted
to give the best fit between model predictions and actual observations. A validation of the Irish
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Sea section of the NRPB marine dispersion model was carried as part of the assessment of present
and future doses to the population of the UK coastal region of the Irish Sea*. Activity
concentrations of 137Cs, Pu(alpha) and 241Am in seawater and seaspray predicted by the model
were compared with measurements taken by Ministry of Agriculture Fisheries and Food and
United Kingdom Atomic Energy Agency in the Irish Sea.

Validation carried out for this paper
The validation described in this paper focussed on three radionuclides: Cs-137, Tc-99 and
Pu-239. Historical discharges of these three radionuclides from the main European nuclear
installations, Sellafield, Cap de la Hague and Dounreay from the beginning of the operations up
to 1995 were included in this study. Input into the North European water system as a result of
fallout from nuclear weapons tests and the Chernobyl accident were also incorporated.
Radionuclide concentrations predicted by the model in seawater, sediments and seafood up to
1995 were compared with measurements taken by different organisations in the waters of the
European Continental Shelf and in the Arctic Ocean. Radionuclide concentrations calculated in
various compartments were compared with average measurements taken in the same areas. The
validation generally showed good agreement between the model predictions and the observations.
Better results were obtained closer to the release point but no systematic over or under prediction
by the model was found. A best fit analysis of the transfer rates was also carried out for all three
radionuclides and the results of this exercise compared with the values currently used in the
model.
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A Pollution Study on Central and South Caribbean Coast of Costa Rica

Jenaro A. Acufia1

1. Centro de Investigaci6n en Ciencias del Mar y Limnologla (CIMAR), Escuela de Qulmica,
Universidad de Costa Rica.

Results of a three year study on an area under the influence of human
activities and coastal currents, compared to a tropical coral reef, both along the
Caribbean coast of Costa Rica, are reported. Nutrients (nitrate, nitrite,
phosphate, and silicate), chlorophyll a, suspended sediment load and
dissolved/dispersed petroleum hydrocarbons were measured.

The Caribbean coast of tropical Costa Rica is only 212 km long and quite
even, with only three major wide capes, one near the center of the coastline
(Site of the City of Lim6n), the next at near 40 km south (Site of the town of
Cahuita) and the farthermost close to the borderline with Panama (Punta Mona),
near 60 km south of the City of Lim6n. It has been affected by urban
development and by natural disasters in the past 10 years. Firstly, the coastal
development has generated and maintained an intermitent discharge of
pollutants to the sea and secondly, in 1991 a strong earthquake lifted the entire
coastal line, up to 1 m high. The country's largest Caribbean port is located at
the main City of Lim6n. Waste'waters from the city tradicionally have been
discharged into a network of pipes, which carry the flow directly to the sea or
rivers and streams without any treatment. Vast areas dedicated to banana crops
have been part of the source of pollutants. The 1991 earthquake destroyed the
old and intrincaled network of pipes, therefore a new one has been built, but this
time the design has included a primary treatment plant with a submarine outfall
(under construction) which will be sited south of the City, and only 1 km long
from shore. The diffuser or mixing system will come upon a strong southward
marine current. Some 40 km south of this area is the only well developed coral
reef of Costa Rica, protected through the National Parks System, at Cahuita
National Park. Effects on this reef, if any, should be anticipated in order to
allow an effective response. This Poster presents an overview of the nutrient
dynamics and dissolved/dispersed petroleum hydrocarbons as exposed after
several years of monitoring in two sites of the Caribbean coast of Costa Rica.
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Figure 1. Temporal distribution or surface parameters at Moin Station, 1995-1997,
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Information Management System for Environmental Protection
in the Coastal Area of Japan

T. AJIRO, N. BABA, Y. MICHIDA,
Hydrographic Department, Maritime Safety Agency, Japan

M. TORIGAI,
TERRA Co., Japan

As a national level response to the International Convention on Oil Pollution Preparedness,
Response and Co-operation, 1990 (OPRC 1990), Japanese Government established in 1995 a
national system for responding promptly and effectively to oil pollution incidents. The system
includes development of integrated information systems for oil pollution preparedness that should
be prepared by related governmental bodies. In fiscal 1997, the Hydrographic Department (HO)
has started to develop such an information system as an application of Geographical Information
System (GIS).

Before the completion of the system construction, there happened one of the biggest oil spill
incident around Japan; Nakhotka got a crash in the rough weather condition in the middle region of
Japan Sea on January 2,1997 and over 6240kl oil were spilt out from the vessel. Furthermore, on
July 2, 1997, a tanker, whose name is DIAMONDGRACE, hit the sea bottom in the Tokyo bay and
spilt out 1550kl oil. These incidents strongly allowed the government to realize the importance of
practical system for oil pollution preparedness including information management for the coastal
regions.

The system we have been developing aims to support oil spill response planning, assessment and
responding activities. Maritime Safety Agency (MSA) which has primary responsibility for
dealing with emergent situations at sea including oil spill incidents is supposed to be the primary
user of the system. The system is designed to provide wide spectrum of information required in
several stages regarding oil pollution incidents as geographically referenced information. It
consists of an online data base which is accessible from all of our 11 regional headquarters, GIS
softwares to prepare and present the required information and peripheral hardwares and softwares.
The data base contains basic geographical data utilizing Electrical Navigation Chart (ENC),
oceanographic data, socio-economic information related to oil pollution and information on
disaster prevention (Figure 1).

Fig. 1 System architecture of Information System for the Coastal Area

ENCs covering the area around Japan have been published by Hydrographic Department, MSA.
ENCs are compiled in the S-57 format released by IHO. The S-57 is a concept for objective
management of GIS to provide the standard to be used for the exchange of digital hydrographic
data between national hydrographic offices and for its distribution to manufactures, mariners and
other data users.[1] It is realized that our system is able to easily maintain the information on shore
line types, which is important in clean-up activities for oil spill, because the system is based on
ENC.[2] As for the oceanographic data of our system such as tides, tidal currents, waves and
surface metrology, climate values of these are collected through Japan Oceanographic Data Center,
and monitoring data are taken in our system through various way, for example, NEAR-GOOS
(North East Asian Regional - GOOS, GOOS: Global Ocean Observing System) real time database
operated by Meteorological Agency of Japan. As socio-economic information of our system, it
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includes fishery facilities, recreation sites, water intake facilities of life line etc.
And also, our system is designed to support some other functions; taking notes, scaling a

distance and reproof, counting objects etc.
The presentation system is being constructed on a GIS software TNTmips that provides us with

viewers for required information selected from the online database by overlaying multiple
information layers.

Figure 2 shows an example of the display of the coastal information which are under
construction as applications of GIS. This system is able to show the attribute information of the
symbol clicked by a pointer.

Fig. 2 Sample Display, Port of Yokohama, of GIS system under construction at HD,MSA
This image overlays a land map, ENC information, aerial photo and oil storage
facilities.

Figure 3 shows the example for DIAMONDGRACE incident overlaying a satellite image of
SPOT obtained by National Space Development Agency, Japan. We can understand the
effectiveness of this system and satellite images.

Fig. 3 Oil spill Accident in Tokyo Bay happened on July 2, 1997
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Levels of Trace Metals and Hydrocarbons in Sediments from

the Arabian Gulf.

Nahida B.A1-Majed, Wajdi A.Rajab and Eqbal S.Al-Ruqaab

Environment Public Authority, Kuwait.

P.CBox 24395 Safat, Postal Code 13104 Kuwait. Fax: (965)4835483

The purpose of this study is to determine the levels of trace metals and
trace organic pollutants in sediment samples collected along the Arabian
Gulf as a part of Umitaka Maru Cruise.

Samples were prepared and analyzed in accordance with MOOPAM
methods. The obtained levels in sediment samples based on dry weight
were as follows: (1) Trace metals: Cd 0.06 - 0.40 pg/gm, Pb 1.0 - 64.3
Mg/gm, Cu 2.3 -142.0 Mg/gm, V 1.4 - 99.9 pg'gm, Ni 1.9 -109.2 Mg/gm,
Zn 4.2 - 410.3 Mg/gm, Cr 2.0 - 131.9 Mg/gm, Mn 8.9 - 517.0 Mg/gm, and
Fe 1.4 - 34.5 mg/gm. (2) Trace organic PHCs 3.4 - 29240 ug/gm, total
n-alkanes 0.55 - 43.82 Mg/gm, pristanc 0.01 - 4.56 Mg/gm, phytane 0.01 -
7.76 Mg/gm and the total PAHs varied between 0.01 - 90.03 ng/gm.

The obtained levels of trace metals and trace organic in sediment tend to
show a trace metals pollution in Arabian Gulf. The obtained levels of
petroleum hydrocarbons were found to be comparable with the reported
levels of unpolluted area in other regions.

441



IAEA-SM-354/111P XA9951358

137 210
Comparison of Dose due to Cs and Po that receive the resident
population in the site of the Juragua Nuclear Power Plant by marine organisms
consumption.

C. Alonso Hernandez, R. Avila Moreno, M. Dias Asencio, A. Mufloz Caravaca.
Laboratory of Environmental Radiological Surveillance of Cienfuegos.

Abstract.

Since 1987 until 1996 the Laboratory of Environmental Radiological
Surveillance of Cienfuegos has executed a radiological monitoring program in the
central region of Cuba with the objective of evaluating the site of the first Nuclear
Power Plant that is being built in our country, in the southern coastal center.

As part of this program it have been determined the natural and artificial
radioactivity levels in the marine environment and calculated the dose that
receives the population by the consumption of marine organisms captured in the
region.

210

Two radionuclides mastered the attention of our work, the Po, for the
contribution to the natural dose by internal irradiation and the 137C$ for its
possible increase to the environmental fund by the release of the Nuclear Power
Plant.

Mo Husk samples, fish and crustaceans were collected and analyzed their
levels of r37Cs and 2f0Po in two studied zones, the coast adjacent to the exit
channel of the liquid discharges of the central and the bay of Cienfuegos,
important fishing resources zone. The studied population was divided by their
feeding habits and were selected two groups, Cienfuegos and Castillo de
Jagua, the first is the head-board municipality of the province with feeding habits
defined by the commercial Net, while the second is fed basically of marine
organisms that are captured in the described fishing zones above mentioned.

The obtained results demonstrate that the levels of 137 Cs are agreed to
the reported by Baxter et al [1] for the zone of the Caribbean, and there are no

210
differences between the two chosen zones. The concentration of Po vary
among 5 and 4000 Bq/Kg of fresh weight, greater to the reported international
average by the UNCEAR [2]. The highest levels were found in the bentonic
organisms of the Cienfuegos bay.

It is presented a detailed analysis of the individual dose for each groups
of study according to their consumption habits. They were determined doses by

210 137

incorporation of Po of 1.5 mSv/year and in the case of Cs up to 0.1 pSv/
year.
Reference.
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X-RAY FLUORESCENCE MONITORING OF HEAVY METALS IN MARINE SEDIMENTS:
A MULTIELEMENT SEMIQUANTITATIVE APPROACH

N.V. Alov, K.V. Oskolok

Department of Analytical Chemistry, Faculty of Chemistry,
Moscow State University, Moscow 119899, Russia

The main task of ecological monitoring of marine sediments is
the express estimation of sediment condition. The sediment
monitoring includes the determination of the anthropogenic affect
source, the pollution area, the lateral and depth distribution of
the pollutant, the emergency degree for the environment. The
significant feature of anthropogenic affect is the complex change
of a whole sediment composition (base, micro- and trace element
contents). In this case it is very important to know not so the
precise content of the pollutant in the each sample as the
character, degree and tendency of the anthropogenic affect. The
key factors of ecological monitoring are the analysis time and
cost. That is why the express reliable multielement
semiquantitative analysis (MSQA) of sediments is preferable to the
long precise determination of individual elements. Besides the
comparative MSQA is extremely precise.

The marine sediment monitoring has some requirements to the
analytical methods to be used: possibility of express MSQA, high
selectivity and sensitivity, wide range of contents being
determined, reliability, relatively low cost of analysis. X-ray
fluorescence spectroscopy (XRF) is a modern method satisfying to
all of these requirements. The one of the main advantages of XRF
is the possibility of "standardless" MSQA. This approach is based
on the use of fundamental physical parameters (fluorescence yield,
mass coefficient of absorption and etc.) for the element content
calculat ion.

The possibilities of "standard 1 ess" XRF were demonstrated by
the monitoring of marine sediments from several regions of Black
and Caspian Seas. It was found that element composition of the
marine sediments from different regions is varied considerably. It
was established that in the most samples the contents of Fe, Sr
are some mass.%, the contents of Mn, Cu, Zn, Mo, Nb, As, Cd, Hg
exceed 100 ppm, the contents Se, Pb, U, Po exceed 10 ppm. The
reasons of this phenomenon are discussed.
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Assessment of landbased pollution discharges into the Cameroon coastal zone
from petroleum activities and some manufacturing industries.

ANGWE, C.A. and GABCHE, C.E.
IRAD Research Station for Fisheries and Oceanography

PMB 77, Limbe, Cameroon
Fax: (237) 33-27-81/35-13-57/39-15-16

A quantitative assessment of landbased sources of pollution into the coastal zone of Cameroon was
undertaken during the last quarter of 1996. The study was based on a WHO manual on management
and control of the environment, (WHO, 1989). The method consisted of classification of coastal
industries (including the country's sole oil refinery) according to the United Nations Classification
System. Estimates of pollution loads were calculated using appropriate pollution factors from the
manual and the most current industrial production figures gathered in the field, with appropriate
conversions where necessary. Industrial production figures were collected from various government
departments located in the main coastal towns of Limbe, Douala, Edea, Kribi etc and from
Cameroon's capital city of Yaounde. Where necessary, direct contact was also made with some
industries for data collection.

The assessment covered 7 types of industries, viz: food processing, beverage production;
building and construction, petroleum production; textiles; chemicals, glass and other products and
metal production. The results are summarised in Tables 1,2 and 3. All pollution loads were
expressed in tons/year for ease of comparison.

The annual total loads of BOD and suspended solids (SS) reaching the Cameroon coastal zone from
landbased industries are 158915 and 155619 tons (t) respectively while oil, nitrogen and
phosphorous inputs amount to 104038 tons, 26571 tons and 344 tons in that order. With respect to
BOD, the major water polluting industries were, in order of significance, petroleum refining, food
processing and chemical production. Within the food processing industry, two activities (palm oil
manufacturing and corn milling) contributed almost all the BOD load. Generally, industries
contributing high BOD loads were also responsible for high SS discharges. Metal production,
(mainly the manufacture of alumina from bauxite), was also a significant contributor to water
pollution by suspended solids. Almost all the oil and nitrogen pollution loads came from petroleum
activities while the major source of phosphorous was chemical and glass industries.

A single industry each was responsible for the 3 different solid waste pollution loads, viz:
beverage production, 5660 tons of putresible solid wastes, building and construction, 95.8x106 tons
of non-harzardous solid wastes and petroleum production, 28.4x105 tons of harzardous sludge. .The
main toxic chemicals were introduced by two industries: petroleum refinery and metal production,
with an overwhelming proportion coming from the former industry

From the study, it was concluded that the petroleum industry is the most polluting in the
Cameroon coastal zone. Amongst others, it was recommended that the coastal zone management
plan for Cameroon be implemented without further delay.
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Table 1 : Water pollution loads (tons/year) from some industries in the Cameroon coastal zone

Type of Industry

Food processing
Beverage production
Chemicals, glass
and other products
Metal products
Petroleum products
Textiles
Total

No of
nlnnts

77
7

47

10
1

17
159

BOD

Load
62300'39.20

6497
18060

5684
66000
374.7

158915.7

%
39.20
4.09
11.36

3.58
41.53
0.24
100

ss

Load
92420
2646
5504

37935
17000
114.3

155619.3

%
59.39
1.70
3.54

24.38
10.92
0.07
100

Oil

L_ Load
31.1

-
25.8

- ..
104xl03

-
104038.9

%
0.02

-
0.02

99.96

100

N'

Load
2.9
-

516

52.9
26xl03

-
26571.8

%
0.01

1.94

0.20
97.85

100

P

Load
0.42

-
344

-
-
-

344.42

%
0.12

-
99.88

-

100

Table 2 : Main Sources of water polluting toiic chemicals (tons/year) in the Cameroon coastal zone

Type of industry

1. Metal Products
2. Petroleum products
Total

Phenol
load
2.04

3.494
3.496

%
0.1

99.9
100

Cr
Load

-
2.76
2.76

%
-

100
100

F
Load
4.5
-

4.5

%
100
-

100

CN
Load
7.60
36.7
44.3

%
17.2
82.8
100

s
Lk25l

.
759
759

%
-

100
100

Table 3 : Solid waste pollution loads/(tons/year) from some industries in the Cameroon coastal zone.

Type of industry

Food processing
Beverage production
Building and Construction
Chemicals, glass and other
products
Metal products
Petroleum products
Textiles
Total

No of
plants

77
7
10
47

10
1
17

169

Putresible solids

Load
84.7
5660

-
-

-
-
-

5744.7

%
1.47

98.53
-
-

-
-

100

Non-harzardous wastes

Load
544.3

95.tXV)i

9925

129.278
-

43.4
959.3 i l 0 s

%
<0.01

99.85
0.10

0.13

<o.oi
100

Barzardous sludge

Load
-
-
-

484.6

-
2839991

-
28-SxlO4

%
-
-
-

0.02

-
99.98

-
100
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Assessment of environmental radioactive contamination and dose to man by
in-situ gamma spectrometric, beta dose and gamma air kerma rate

measurements.
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+ School of Electronic Engineering and Computer Systems, University of Wales, Bangor,

Bangor, LL57 5UT

Introduction

The assessment of the levels of radioactive contamination in the environment and the subsequent
dose to man is an example of where a potential pollutant can be traced from its sources, through
its environmental pathways, to its effects by the use of in-situ methods. In a series of studies, a
variety of in-situ methods have been employed to determine radionuclide activity concentrations
in the field using gamma spectrometry, coupled with more extensive laboratory gamma-
spectrometry, and direct field assessment of beta dose and gamma air kerma rates. The methods
have been employed to assess the impact of discharges of uranium ore concentrate processing
(BNFL, Springfields) and nuclear fuel reprocessing facilities (BNFL, Sellafield) and the extent of
contamination from Chernobyl [1-3].

Methods

In-situ gamma spectrometry

Several groups have explored the potential of in-situ gamma spectrometry but the technique has
not been widely adopted [1]. In-situ measurements of soil or sediment activity are more
representative due to the large volume of soil 'seen' by a detector placed one metre above the
ground but quantification requires a knowledge of the radioactivity distribution with soil or
sediment depth [4-6].

The instrumentation employed was a high-purity n-type germanium detector (EG&G ORTEC)
in a laboratory arrangement with Pb shielding and Cu/Cd liner and a field arrangement on a tripod
one metre from the ground in a downward pointing vertical configuration. A battery-powered
portable MCA was used for spectra acquisition. The instrument is calibrated with UK National
Physical Laboratory standards.

Beta dose rate measurements

Beta dose rates were assessed using a Berthold LB1210B contamination monitor. This has an
11cm square thin titanium windowed proportional counter. After subtraction of the gamma
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reading [2], a measure of the beta only count rate was obtained which was converted for the
measurement of H'(0.07), the skin dose equivalent rate, using a factor of 32 counts s'Vp.Sv h"1.
Variation with height and transmission factors through clothing (shielding) have been considered
[2,3]-

PJr forma rate

Gamma air kerma rates at a height of one metre above the soil/sediment were determined using
a Mini Instruments 6-80 environmental monitor fitted with a vertically held gamma compensated
G-M tube (MC71). This is designed to measure the quantity of photon fluence and is calibrated
in air kerma. This value can be converted to effective dose equivalent rate using the factor 0.86
SvGy1 (airkerma)[2].

Results

Development of in-situ gamma spectrometric methods is proceeding by mathematical modelling
of radiotiuclide depth profiles and by instrumental and measurement techniques to assess their
shape in the field [4-6]. In-situ spectrometry with subsequent calculation of gamma dose rates
and in-situ gamma air kerma measurements provide complete agreement and has allowed the
extent of contamination from Chernobyl to be assessed in North Wales, UK [1]. A combination
of all the methods with habit surveys has allowed the relative magnitude of the dose from
discharges of uranium ore concentrate processing and nuclear fuel reprocessing facilities to be
compared in the Ribble Estuary, UK The observations suggest that members of the public using
the Ribble Estuary for both work and pleasure receive small excess doses (<75 u.Sv a"1) due to
radionuclide discharges from Sellafield and Springfields. In general, these doses are mainly
derived from Sellafield discharged gamma emitting radionuclides with only a small contribution
from Springfields (<10 p.Sv a') [3].

Conclusions

In-situ measurements can provide a relatively quick assessment of the extent of radioactive
contamination and the possible dose implications for man. Their integration over a wide area
provides more realistic values than taking discrete, small samples back to the laboratory. Further
work is needed on the depth profiles of radionuclides in in-situ gamma spectrometry and in
modelling of beta shielding and height effects for beta dose equivalent measurements to improve
the conclusions drawn from field data. Overall, radioactivity is unique amongst contaminants in
that reliable concentration values and estimates of possible effects can be made in the field.

(1) Macdonald, J., Smith, P.H. and Assinder, D.J. The development and use of an in situ gamma-ray spectrometry
system in North Wales. Journal of Radiological Protection, 16, 115-127, 1996.
(2) Mudge, S.M., Assinder, D.J. and Bourne, O.S. Measurement of beta dose equivalent and gamma air kerma
rates in the Ribble Estuary. Journal of Radiological Protection, 16,237-248, 1996.
(3) Mudge, S.M., Bourne, G.S. and Assinder, D.J. Radiological assessment of the Ribble Estuary. H. Beta and
gamma dose rates and doses to critical groups. Journal of Environmental Radioactivity, 36,21-41, 1997.
(4) Macdonald, J., Gibson, C.J., Fish, P.J. and Assinder, D.J. A theoretical comparison of methods of
quantification of radioactive contamination in soil using in-situ gamma-spectrometry. Journal of Radiological
Protection, 17, 3-15, 1997.
(5) Macdonald, J., Gibson, C.J., Fish, P.J. and Assinder, D.J. The significance of variations in the angular
correction factor in in-situ gamma spectrometry. Journal of Radiological Protection, 18, 37-42, 1998.
(6) Macdonald, J., Gibson, C.J., Fish, P.J. and Assinder, D.J. Methods of improving m-situ gamma spectrometry -
a comparison for real activity soil profiles, (in press, Radioactivity and Radiochemistty)
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Biodisponibilité du cadmium chez le calmar Todarodes sagittatus,
principale proie du globicéphale noir des Iles Féroé.

P. Bustamante, F. Caurant, P. Miramand

Laboratoire de Biologie et Biochimie Marines, Université de La Rochelle, 15 rue François de

Vaux de Foletier, 17026 La Rochelle Cedex, France

Le globicéphale noir des Iles Féroé présente des concentrations de cadmium dans
le foie et les reins particulièrement élevées (i.e. 63 ± 61 et 78 ± 49 ug/g de poids frais,
respectivement, (1)) comparées à celles mesurées chez des individus provenant d'autres zones
(e.g. de 3,0 à 14,0 ug/g dans le foie de globicéphales noirs de l'Atlantique Nord Ouest, (2)).
Chez les plus vieux individus, les concentrations dans les reins sont supérieures (i.e. de 500 à
900 ug/g, (3) aux concentrations limites (i.e. 200 ug/g) au delà desquelles apparaissent des
dysfonctionnements métaboliques chez les humains (4). Le globicéphale noir des Iles Féroé
est principalement teuthophages avec Todarodes sagittatus comme calmar le plus abondant
dans son alimentation (5).

Dans le but d'évaluer l'apport de cadmium par cette espèce proie à ce Delphinidé,
nous avons analysé le cadmium par spectrophotomètrie d'absorption atomique (SAA) dans les
organes de 20 calmars Todarodes sagittatus péchés au chalut sur le plateau continental des
Iles Féroé. Les concentrations de cadmium dans l'animal entier sont de 4,2 ± 1,9 ug/g de
poids frais. Entre tous les organes, la glande digestive présente les plus fortes concentrations
(40 ± 23 ug/g) et contient 99 % du cadmium total. En conséquence, nous avons recherché la
localisation subcellulaire du cadmium dans les cellules de la glande digestive afin d'évaluer la
biodisponibilité de ce métal pour ce prédateur. Des fragments de glande digestive directement
congelés dans l'azote liquide sur le bateau, ont été broyés à 4 °C dans 10 volumes de tampon
Tris-HCl 0,02 M et saccharose 0,25 M selon Tanaka et al. (6) additionné de 1 mM PMSF
comme inhibiteur de proteases et 5mM DTT comme agent réducteur. L'homogénat obtenu a
été centrifugé à 4 °C pendant 1 heure à 100 000g. Le culot et le surnageant obtenus ont été
analysé séparément par SAA.

Indépendamment de la taille et du sexe pour notre échantillonnage {P< 0,05), le
cadmium contenu dans les cellules digestives des calmars Todarodes sagittatus se localise
principalement dans le cytosol (70 ± 10%), lié aux protéines. En conséquence, ce métal est
fortement biodisponible pour les prédateurs. Les globicéphales consommant Todarodes
sagittatus ingèrent ainsi de fortes doses de cadmium avec des prises hebdomadaires variant de
142 à 2949 ug/kg/semaine (8) dont 70% est directement biodisponible. Ces valeurs sont très
supérieures aux valeurs considérées comme limites au-delà desquelles des désordres
métaboliques peuvent apparaître chez l'homme (20,3 à 28,7 ug/kg semaine, Nogawa (9)).
En dépit de leur forte exposition au cadmium, il n'y a apparemment pas de déclin des
populations de globicéphales dans la zone des Iles Féroé. Cette observation suggère que ces
grands consommateurs de céphalopodes ont évolué pour résister à la toxicité du cadmium
provenant de leurs proies, mettant en place d'efficaces processus de détoxication.
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Degradation , Release and Bioavailability of DDT/DDE residues to oysters using
radiolabelled techniques

CM Bajet, LM Varca and MFP Navarro
Pesticide Toxicology and Chemistry Laboratory

National Crop Protection Center
University of the Philippines Los Banos 4030

Philippines

Degradation and the formation of sediment bound residues of DDT was studied in
sediment/brackish water and sand/synthetic water combination. Unextractable bound
residues equivalent to 8.2 and 0.8% of the initial was detected after 180 days, respectively.

DDT was absorbed readily in sediments equivalent to 94.98%, 8.37% of which is
desorbed in water and 0 13% in seawater. Release of sediment bound UC DDT was
observed after 10 days in sterile and unsterile brackish water both from extractable (0.046-
0.086%) and unextractable residues (0.022%).

When 14C DDT was added in an open microecosystem, DDT sank into the
sediment, with a half life of 2.9 days in brackish water In a microecosystem (800 g
sediment, 9 liters water, 10 g fresh tissue weight) composed of solely sediment residues,
9 4 and 8.0 ng/g 14C DDT residues were detected in oyster and mussels respectively
Residues were aiso detected in the fluids and shell of both oyster and mussel.

14C DDT treated sediment aged for 3 months was used in another microecosystem
(400 g sediment, 15 liters water, 25 g tissue weight) for bioavailability to oysters.
Extractable and unextractable sediment residues were both taken up by oysters with
radioactivity released into the water in the form of DDT. Residues in oysters equivalent to
45 6-46.2% were in the form of DDE.
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CONTENTS OF HYDROCARBONS IN COASTAL SEDIMENTS OF THE

SOUTH-EASTERN PART OF THE GULF OF TRIESTE

O. BAJT

Marine biological station, Fornafie 41, 6330 Piran, Slovenia

Hydrocarbons of natural and anthropogenic origin are widely distributed in sea water and
sediments throughout the world. The knowledge of various sources of introduction of such
compounds into marine environment as well as the concentrations of these compounds in
sea water, sediment and marine organisms is of crucial importance to adequately assess the
state of the environment. This is especially important where extensive industrial activity or
traffic might be expected.

The investigated area is a part of the Gulf of Trieste-northern Adriatic (Fig. 1), influenced
by intensive maritime traffic (ports of Trieste and Koper). The estimated quantity of
petroleum carried by ships within the investigated area is about 30 millions tons per year.

Figure 1: Sampling sites within the investigated area

Sediment samples were collected in 1996 using the gravity corer at seven sites along the
Slovenian part of the Gulf of Trieste (Fig. 1). The upper lcm layer of each sediment sample
was taken for the analyses. After freeze drying the samples were treated (Soxhlet
extraction, sulfur removal, partition of hydrocarbons by column chromatography)
according to the procedure of UNEP (1). The contents of hydrocarbons were determined
using HP 5890 gas chromatograph equipped with FI detector and HP 3396 integrator.
The results of hydrocarbons concentrations in sediments are presented in table 1.
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Table 1. Concentrations of hydrocarbons in analyzed sediment samples

ALIPHATIC m
\ n-heptadecane
j Pristane
\ n-octadecane
\ Phytane
; n-CI4don-C34
j Resolved aliphatics
; UCM*
I Total aliphatic
j POU
\ Naphthalene
\ Acenaphtene
j Acenaphtylene
I Phenanthrene
\ Anthracene
\ Fluorene
; I-methylpyrene
1 2-methylphenanthrem
\ 1-methylphenanlhrene
\ Fluoranthene
| Pyrene
\ 2.3.6-trimethylnaphthalene
! l-methylnaphthalene
\ Chrysene
i Resolved aromatic
; LO/»
I 7bto/ aromatic

\ Total hydrocarbons

CZ

'DR0CARB01
5
-
8
-

0.65
0.66
1.29
i.95

YCYCUCARC
3
-
-
17
25
-
-
-
-

32
29
-
-

24
130
0.25
0.38

2.33

14

SS
9
4
4
-

0.44
0.46
4.38
4.84

7MATICHYD
2
4
-
5

60
147

-
-
5
13
8
8
3
35

291
0.30
0.59

5.43

PM

16
-
8

0.14
0.16
1.57
i.73

ROCARBONS

-
19
8
-
-
-
-

42
40
-
-

34
143

0.20
0.34

2.07

K

6
3
5
-

0.55
0.56

' 2.64
_ 3.20

, 1

6
8
-
-
-
-

12
14
-
-

12
56

0.54
0.60

3.80

KK

7
4
7
-

0.06
0.08
3.27
3.35

-
-
-
13
a
O

-

-

-

6
36
31
-
-

22
116
0.25
0.37

3.72

MA

15
-
7
-

0.22
0.24
1.98

i.22

15
-
-
17
25
-
-
-
-

32
29
-
-

24
142
0.54
0.68

2.90

F

6
2
6
-

0.43
0.44
0.35
0.79

4
-
-
2
7
-
-
2
-
7
7
-
-
7

36
0.15
0.19

2.07

Unil i

ng/g !
ng/g I
ng/g 1
ng/g i
ng/g i

Hg/g !

ng/g 1
ng/g i
ng/g ;
ng/g I
ng/g

ng/g '
ng/g
ng/g
ng/g
ng/g
ng/g
ng/g
ng/g

ng/g
ng/g

ng/g

*UCM unresolved complex mixture

Concerning the hydrocarbons concentrations (especially the aliphatic fraction) the
investigated area could be considered as a moderately polluted area. The highest
concentration of total hydrocarbons was found in the port of Koper (sampling site 14).
Moreover, the influence of higher hydrocarbons concentrations at station 14 is most
probably the reason for relatively higher contents on sites K and KK. The reasons for the
observed elevated hydrocarbons contents could be, beside the maritime traffic and port
activities, the input of the river Rizana, carrying waters from the sewage treatment plant.
The PAHs distribution indicates the combustion derived PAHs (excess of dealkylated
PAHs) as major source of sediment pollution with PAHs within the investigated area.
Beside the maritime traffic the sources of introduction of such compounds could also be
the atmospheric input (cities of Trieste and Koper), urban runoff waters as well as outflows
from the sewage treatment plants.
In conclusion, the above presented results contribute to the better knowledge of the state of
sediment pollution in the Gulf of Trieste. They are also in agreement with results of
contents of PAHs in surface sediments of the Italian part of the Gulf of Trieste (2).

1. UNEP/IOC/IAEA: Determination of petroleum hydrocarbons in sediments. Reference
methods for marine pollution studies no. 20. UNEP 1992.
2. Guzzella L., de Paolis A. Polycyclic aromatic hydrocarbons in sediments of the Adriatic
sea, Mar.Poll.BuU. 1994, 28, 159-165.
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RIVER TRANSPORT OF RADIONUCLIDES TO THE ARCTIC SEAS, BALTIC
SEA AND BLACK SEA

M. Krosshavn', T. Nylen2, G. Rusza3, S. M. Vakulovsky4 and T. Walderhaug5

'Norwegian Defence Research Establishment, Kjeller, Norway
^National Defence Research Establishment, Umea, Sweden
'Environmental Radioactivity Laboratory, Bucharest, Romania
"SPA TYPHOON, Obninsk, Russia
'Icelandic Radiation Protection Institute, Reykjavik, Iceland

The study "Cross-Border Environmental Problems Emanating from Defence-
Related Installations and Activities" was initiated by the Norwegian Ministry of Foreign
Affairs in 1992 and the project was established as a cooperation between the countries of
the former Warsaw-pact and NATO within the North Atlantic Cooperation Council. One
of the issues addressed in this study was: Radioactive Contamination of Rivers and
Transport Through Rivers, Deltas and Estuaries to the Sea [1].

This subtopic focuses on the transport of radionuclides from different sources to
the rivers and the transport via the rivers to the sea. The rivers and seas included in the
study were: Ob, Yenisey, Lena and Mackenzie, Finnish rivers, Bug-Vistula, Danube,
Dnieper and Colombia, and Arctic seas, Baltic Sea, Black Sea and the Pacific Ocean.

The deposition on the Kara Sea from global fallout was 0.9 PBq during the period
1962-1993 and 0.6 PBq on the Laptev Sea. The river transport with Ob and Yenisey
rivers amounted to 1.4 PBq and with Lena river 0.5 PBq during this period. About 27%
of the 90Sr flux with Yenisey river water is estimated to be related to discharges from
Krasnoyarsk MCIC. The 90Sr discharge via Ob and Yenisey rivers to the Kara Sea and
the 90Sr flux with Lena to the Laptev Sea exceeds the direct deposition from global fallout
on the sea surface of the Kara Sea and Laptev Sea, respectively. The total river transport
to Arctic seas amounts to 0.5 PBq [2], and appear to be insignificant relative to other
sources, but few data are available on particle transport of l37Cs with Arctic rivers.

The deposition from global fallout on the Baltic Sea amounted to 1.8 PBq l37Cs
and 1.1 PBq 90Sr and the river transport amounted to 0.070 PBq B7Cs and 0.4 PBq 90Sr
prior to the Chernobyl accident [3,4 ]. The deposition on the Black Sea due to the
Chernobyl accident was 4.5 PBq l37Cs and 0.09 PBq 90Sr. In the period 1986-1988 0.3
PBq l37Cs was transferred to the Baltic Sea via rivers and particularly Finnish rivers [3,4].
The main river transport of 90Sr occurred during the mid-1960s and represented almost
1/3 of the amount directly deposited from global fallout on the Baltic Sea surface. The
river transport of 137Cs prior to Chernobyl accounted for less than 1% of the amount
deposited directly on the Baltic Sea, but increased to about 6% relative to Chernobyl
fallout deposited on the sea surface. Large areas of Finland is water bodies and water
saturated marshlands in which the mobility of caesium is high with resultant high transfer
rates to the Finnish rivers.
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The amounts deposited from global fallout on the Black Sea in the period 1960-
1977 was 1.3 PBq 137Cs and 0.65 PBq ^Sr [5]. About 1.7-2.0 PBq 137Cs was deposited
directly due to the Chernobyl accident. For ^Sr about 0.3-0.4 PBq was deposited on the
Black Sea surface after the Chernobyl accident. The river transport with Danube was
0.005 PBq during the years 1986-1997 and 0.040-0.052 PBq 90Sr, and with Dnieper 0.001
PBq 137Cs and 0.063 TBq ^Sr for the period 1986-1995 [6, 7, 8]. The river transport of
l37Cs to the Black Sea was negligible relative to fallout on the sea surface while the river
transport of 90Sr accounts for between 25-38% of the direct deposited amount from
Chernobyl accident.

The river transport was found to be an important source of 90Sr contamination for
the Kara Sea, Laptev Sea, Baltic Sea and Black Sea, and for 137Cs to the Baltic Sea.
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NOVEL TANDEM MASS SPECTROMETR1C MEASUREMENTS OF ORGANOT1N
COMPOUNDS AND IRGAROL 1051 ANTIFOULING AGENTS IN SELECTED WATER
AND SEDIMENT SAMPLES IN THE NORTHWEST ATLANTIC ENVIRONMENT

Joseph H. Banoub, Howard J. Hodder, George V. Sheppard and James D. Meade
Department of Fisheries and Oceans
Science Branch
Environmental Science Division
St. John's, Newfoundland, CANADA

Fouling causes significant losses to the shipping industry. Numerous approaches to fouling
control have been considered but the application of biocide(s)-laden antifouling paint remains the
most important cost effective measure. Organotin biocides (e,g, tributyltin and triphenyltin) have
been widely used in the formulations of antifouling agents in some paints for boats, ships and docks
and have been found in areas of heavy boating and shipping traffic. These compounds are toxic to
non-target aquatic biota and are responsible for the decreasing population of Pacific oysters and for
causing the imposex defect observed in the neogastropod dog whelk. The wide environmental
distribution of organotin compounds, in addition to their non-selective biotoxicity, led to the OECD
countries in 1988 to prohibit their use in antifouling paints. Since then, copper based biocidcs,
fortified with the herbicide IRGAROL 1051 (2-methylthio-tert-butylamino-6-cyclopropylamino-5-
triazine) developed by Ciba-Geigy, have largely replaced organotins in antifouling paints worldwide.
The use of IRGAROL 1 OS 1 in the copper based antifouling paints is essential because the copper salts
themselves are not particularly effective in inhibiting the primary colonization of the hull surface by
micro-algae and the subsequent growth of seaweeds. There is, however, no information in the open
literature on the persistence, measurement and degradation of IRGAROL. This lack of information
hinders the assessment of the impact of 1RGAROL on the aquatic environment of the Northwest
Atlantic

The high toxicity of organotin compounds to non-target organisms necessitates highly
sensitive analytical protocols to quantify potentially toxic concentrations (<2 ng I'1). The analytical
protocols currently available for the determination ofTBT and derived compounds are numerous and
have been well documented. Despite the increased popularity of HPLC-ICP-MS, the coupling of GC
with AAS, flame photometry (PFD) and MS remain the most preferred choices. The main hindrance
of Lhese gas chromatographic methods is the omnipresent need for separation of the analyte species
from the analyzed matrix and their conversion to a form that is acceptable for presentation to a
chromatographic column (i.e. derivatization is required prior to gas chromatographic separation).
Although the previous methods once had merit, they are laborious and time consuming requiring
extensive work-up including extraction, clean-up, and derivatization. Our preliminary investigations
seem to indicate that the majority of the analytical methods used to determine TBT involving acid
extraction contribute to its decomposition into dibutyl- and monobutyltin.

Analytical methods used to quantify 1RGAROL 1051 are based on conventional methods
developed for agricultural triazine herbicides and involve liquid-liquid or solid phase extraction. We
have developed, in our laboratories, a state-of-the-art method for the detection of Irgarol 1051 and
for organotin compounds that was refined and transformed into an MRM MS/MS method which has
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increased its detection ability to picomole/attomole levels in order to monitor these compounds in the
environment. Ultimately, unique analytical methods for the quantitative determination of organotin
and triazine antifouling agents in water and sediment was developed and optimized. The MS/MS
results for quantification of organotin compounds and IrgarollOSl will be presented using different
ionization sources such as electrospray (ES), atmospheric pressure chemical ionization (APcl) and
metastable atom bombardment (MAB).
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ENVIRONMENTAL RADIOACTIVITY OF SEMARANG
( NORTH JAVA) COASTAL AREA

Kris Tri Basuki, A. Djaloeis, Sukarman A., Agus
Taftazani, Suci widayati, Prayitno, Dwi P. Sasongko.

ABSTRACT

The environmental radioactivity of Semarang ( North Java) coast has been studied

to Ddetermine the gross a/(3 and compare the values to the threshold values set by the

Central Java Provincial Government; 2) determine the radionuclides presence; and 3)

determine the radiation dose, concentration, and transport of radionuclides. The

variables studied include 1) a, (3, y activity level; 2) y- energy- and 3) radioisotopic

concentration. Sampling locations were determined by purposive method in four locations

to represent the fresh water, brackish water, and sea water environment. The samples

consist of water ( fresh, brackish, and salt waters), bottom surface sediment and

macrobenthic ( Sthaerium sp. Tapes philippinarum, Andara Granosa). The results

showed that the activity of the natural samples were very low. The gross-a activity from

water environment were found to be 9.7708 mBq/L for freshwater, 10.4649 mBq/L for

brackish water, 9.4219 and 8.9219 mBq/L for saltwaters. The gross-j3 activity of the

environmental waters were 0.8807 mBq/L for freshwater, 6.8487 mBq/L for brackish

water, 5.3309 and 4.1238 mBq/L for saltwater. The values for both gross-a activity and

gross-fi activity are below the permissible values set by the Central Java Provincial

Government. It is concluded that the a, (3, radioecological water quality of the studied

area is still in good condition. The sediment and macrobenthic gross activities measured

are higher than the water activities which indicates that transfer of radionuclides from

water to sediment and organism can be detected in the water environment. The y

spectrometry technique could identify six natural radionuclides including K-40, Ti-208.

Pb-212. Pb-214, Ac-228, Ra-226. The absence of fission and activation products

indicates that the ecological condition of Semarang coastal area aquatic environment is

good.

457



IAEA-SM-354/121P XA9951368

PREVENTING POLLUTION FROM US NAVY SHIPS

R. BENTLEY1, V.E. EDGAR2

In executing its military mission, the United States Navy is required to be "on station" for
extended periods of time. The demands of a sustained military presence pose a serious dilemma in
meeting international environmental mandates. On one hand, the Navy must conduct protracted
peacetime operations in a relatively confined area in order to fulfill military needs in support of
national interests. Yet, on the other hand, naval operations in that area may be constrained by
requirements to refrain from disposing of solid waste in order to be in compliance with foreign laws
and international treaties.

The US Navy is committed to protecting the marine environment consistent with its defense
mission. Controlling solid waste disposal while at sea is a basic part of that commitment. US Navy
ships pose significant solid waste challenges because of the high levels of manning and extended
periods of deployment - an aircraft carrier will have over 5,000 personnel at sea for six months at a
time.

The Navy has instituted a three-pronged approach to control solid waste disposal: 1) policies
and procedures have been defined to provide clear guidance on responsibilities, 2) equipment has been
installed to treat solid waste and 3) a proactive source reduction program has been established to
minimize waste generation. While all three strategies are needed, it is widely accepted that maximum
leverage occurs when waste can be avoided, in the first place, through source reduction.

The WRAPS (Waste Reduction Afloat Protects the Sea) Program is an outgrowth of the US
Navy's highly successful Plastics Removal in the Marine Environment (PRIME) Program. WRAPS
extends the PRIME philosophy to all solid waste by examining every item that comes aboard US Navy
ships for its solid waste impact. The objective of the WRAPS Program is to implement cost-effective
products and procedures that: 1) reduce solid waste generation, 2) simplify waste management
processes and 3) reduce manpower demands on shipboard personnel.

As shown in Table I, the program has conducted detailed surveys to characterize the
components of the shipboard waste stream. Food, paper and cardboard constituted the majority of
shipboard solid waste. The study teams also determined the sources of solid waste during the course of
the survey, Table II. Each ship was divided into four sources: Food Service, Administration, Berthing
and Other. By far, Food Service areas were the dominant generators of solid waste.

As a result of gaining this understanding about the nature of solid waste generated by warships,
plans were developed under the WRAPS Program aimed at minimizing the sources of solid waste.
This paper presents an overview of current WRAPS initiatives focusing on tactics that have been
successful in advancing the overall pollution prevention strategy. For each initiative, project personnel
have evaluated the precise effects on shipboard waste disposal.

Among the avenues that the US Navy is pursuing are:

• Increased reliance on reusable packaging for food will displace the many
forms of single-use, disposable packaging that constitute a significant portion
of ships' waste streams. Reusable plastic meat containers are being studied for
their potential application to military food service operations.

• Reusable pallet-level, bulk containers would displace corrugated cardboard
which is one of the single largest contributors to shipboard solid waste.

1 Veridian, Veda Operations, 1800 North Beauregard Street, Alexandria, Virginia 22311, USA
2 Naval Inventory Control Point, P.O. Box 2020, Mechanicsburg, Pennysylvania 17055, USA
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Returning shop rags to shore for cleaning and reuse will eliminate the need for
disposal of hazardous waste.

"Junk mail" follows sailors like it does everybody else. Diverting unwanted
mail would reduce paper waste.

Providing technical manuals and other bulky documents in electronic form
rather than paper also contributes to reductions in paper waste.

Table I. Summary of Distribution Characteristics for Three Surveyed Ships

Category

Food

Paper

Cardboard

Plastic

Textiles

Metal

Glass

Other

Total

Percent

50.39%

17.87%

14.67%

4.48%

3.18%

6.56%

1.63%

1.22%

100.00%

Weight

kg/person/day

0.88

0.31

0.26

0.08

0.05

0.11

0.03

0.02

1.74

Percent

14.75%

31.93%

29.95%

12.24%

1.90%

8.01%

0.73%

0.49%

100.00%

Volume

lit/person/day

2.61

5.60

5.26

2.16

0.34

1.40

0.11

0.08

17.56

Table II. Summary of Source Characteristics for Three Ships

Weight (kg)

Percent

kg/person/day

Volume (liters)

Percent

lit/person/day

FOOD
SERVICE

4253.09

75.88%

1.33

35855.68

63.60%

11.17

ADMIN

297.57

5.30%

0.09

4825.91

8.56%

1.51

BERTHING

285.78

5.10%

0.09

4122.05

7.31%

1.29

OTHER

768.9

13.72%

.24

11573.17

20.53%

3.60

TOTAL

5605.34

100%

1.75

56376.81

100%

17.57

By adopting a proactive stance, the US Navy has made remarkable advances in reducing waste

disposal from its ships at sea. In addition to satisfying environmental mandates, the US Navy has

preserved shipboard quality of life while practicing responsible environmental stewardship.
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DISTRIBUTION OF SOME ORGANOCHLORIDE PESTICIDES IN
THE ALL SAINTS BAY, BAHIA, BRAZIL

M. Beretta , M.A. Costa & Tavares, T.M.
Laboratbrio de Quimica Analitica Ambiental- LAQUAM, Departamento de Quimica Analitica, Institute
de Quimica, Universidade Federal da Bahia, Salvador, Bahia, Brazil

First restrictions to organochlorine insecticides (OC) in Brazil date of 1976 and by 1985 they
were completely prohibited. However use of existing stocks and smuggled parcels as well
as official use in malaria campaigns still takes place. During the SH summer of 1995 a cross-
sectional survey was conducted for organochloride pesticides in 12 intertidal sites, both in
sediments and in some selected edible species of the All Saints Bay, east of Brazil.
Samples were collected during low tide, except for the fishes which were obtained from
local fishermen.. Individuals of medium size were selected in the field for each bivalve
species and for crab, which later were pooled together by species and station for storage -
18°C until analysis. Composite samples were obtained from portions of intertidal sediments
randomly obtained from a grating. Detergent washed and water, acetone and
dichloromethane rinsed tools and glassware were used at all times. Subsamples of sediment
placed in precleaned thimbles were extracted in Soxhlet for 24h with dichloromethane and
methanol (2:1) containing activated Cu wire and those of fauna were extracted with three
potions of dichloromethane for 5 min using ultrasound, followed by clean-up on 5% water
deactivated silica-alumina (Cu powder added in case of sediments).

Organochloride determinations were accomplished by injecting luL of the proper fractions
diluted in iso-octane into a GC/^Ni electron capture detector (Varian Star 3400), using a
30m, 0.25mm DG-5 column and He as carrier gas. Detection was 2,5 pg/uL and limit of
quantification for an average 8g sample diluted to lmL was 0.25 ng/g. Accuracy was
determined by analysis of the IAEA 140 seaplant homogenate sample, with obtained results
for each OC lying within the acceptable range.

Lindane has been found in several sites in sediments and in all fauna species, by levels were
always below 1.0 ng/g. Figure 1 display the results. HCB, Aldrin, Diedrin and Endrin were
found in several of the studied sites, both in sediments and in the different fauna species,
with higher results found in the E and NW of the bay. Distribution and levels can be seen in
figure 2.
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Fig.1 Levels of HCB, aldrin, dieldrin and endrin in molluscs, fish
ng/g dry weight) [f*fl 5,27
(Sediments)

1 Cabrlto
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5 Coq. Grande
6 Madre de Deus
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3 SSo Bras
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crab and sediment samples
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Brachidontes exustus (mussel)
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Figure 2 : levels of Lin dan e (7-HCH) in mussel and sediments samples
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Highest level in sediments was 8ng/g dry weight and for fauna was 5.3 ng/g wet weight in
mussel (Brachidontes exustus) found in Mapele, at the E
of the bay, where sources are unknown, since this is a highly industrialized area, and no

production of OC exists .
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Manganese kinetics in the shore crab Carcinus maenas exposed via food or water.

Poul Bjerregaard and Michael Hastrup
Institute of Biology, Odense University, Campusvej 55, DK-5230 Odense M, Denmark

Crabs exposed to 54Mn in the water accumulated manganese almost linearly with time,
reaching whole body concentration factors of 20 after 22 days. The accumulated manganese
was eliminated according to 1. order kinetics with a half life of 44 days. The exoskeleton
contained the major part of the manganese taken up from water. Crabs fed 54Mn containing
food assimilated between 22 and 51 % of the manganese ingested. The crabs reached a steady
state concentration after approximately one week. Manganese taken up from food was lost
according to 1. order kinetics with a half life of 96 days. Accumulation of non-radioactive
manganese in the tissues from 50 and 300 pg Mn I'1 was investigated. The possible effect of
hypoxia on manganese accumulation was investigated.
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Comparative bioaccumulation and toxicity of silver in different populations of the intra-

sedimentary clam Macoma balthlca exposed or not to metal contamination in their natural medium

by AMIARD-TRIQUET C.1-2, BOISSON F.\ BALLAN-DUFRANCAIS C.2-\ BERTHET B.25 GEFFARD A.12,

JEANTET A.-Y.2 4 & MOUNEYRAC C.2-6

1- Service d'Ecotoxicologie, Faculty de Pharmacie, 1 rue Gaston Veil, 44 035 Nantes, France.
2- CNRS, GDR 1117, Ecotoxicologie et Chimie Marines, same address
3- Marine Environment Laboratory, IAEA, 19 av des Castelans, MC 98000 Monaco
4- Equipe de Cytophysiologie Analytique, University Pierre et Marie Curie (Paris VI), Paris, France
5- Institut Catholique d'Etudes Supe'rieures, La Roche sur Yon, France
6- Laboratoire d'Ecologie Animale, UCO, Angers, France

Tolerance to pollutants was observed in living organisms chronically exposed in their environment (Klerks &

Weis J.S., 1987) and detoxification processes have been evoked to explain such observations (Mason & Jenkins,

1995). hi the present study, this hypothesis has been tested in clams originating from an industrialized estuary

(Loire, Fr) and from an area submitted only to low anthropogenic influx (Bay of Somme, Fr). The comparison

was carried out at different contamination levels in clams exposed to silver (50 to 100 ng Ag.ml"1 till LT 50

when 50 % lethality was reached), a metal which has been described as liable to be detoxified through

insolubilization and/or binding to metallothionein (MT).

The hypothesis of increased resistance in populations originating from polluted areas was not confirmed in the

present study since lethal effects as well as cytological disturbances due to Ag were not clearly different in M.

balthica from the Loire estuary and from the Bay of Somme. The physiological status, as reflected by the

condition index, appeared as a relevant component of resistance, irrespective of the site. The use of a radiotracer

(nOmAg) concurrently with sublethal doses of stable Ag allowed us to know the bioaccumulation potential of

sensitive (dead during exposure) or resistant clams (survivors). For both geographical sites, survivors did not

protect themselves against metal toxicity by accumulating a significantly lesser amount of Ag than clams which

did not survive metal stress (see figure for the Loire estuary). Moreover, survivors showed similar Ag levels in

their soft tissues as well as a similar distribution between cytosol and insoluble ligands, the latter being the

major sink. In some individuals, silver was sequestered in small granules located in basement membranes of the

digestive gland but such ultrastructural figures were absent in other individuals. The distribution of cytosolic

silver by using gel permeation as also shown individual differences. In different clams, Ag-ligands were mainly

compounds showing molecular weight consistent with MTs or high molecular weight compounds. However,

MT-like protein (MTLP) levels, similar at both sites, were not modified in contaminated clams suggesting that

this protein was not induced in M. balthica by exposure to Ag. Nevertheless, survival was not only a short term

resistance since cytological effects were moderate in view of acute doses used in experimental exposures. Thus,

tolerance could be due not only to specific detoxication processes but also to more general physiological

processes suggested by the relationship between survival and high condition indexes.

The specific variability was observed in different bivalves exposed to Ag (Berthet et al., 1992). In the case of M.

balthica, important individual (this study) and inter-population variabilities are added to this specific variability,

such as the presence (e.g. Johansson et al, 1986 in populations of the Pacific Ocean; present study) or the

absence (Langston & Zhou, 1987, U.K. populations) of MTLP. Concerning the Loire estuary and the Bay of

Somme, the tolerance due to environmental pressure could be envisaged as a consequence of acclimation to

chronic pollution, the hypothesis here-tested. An alternative hypothesis was that in the Loire estuary, close to

the southern limit of distribution of M. balthica, clams did not profit by optimal natural conditions, leading to a

higher sensitivity to any additionnal stress, including metal exposure (Hummel et al., 1996).

In conclusion, these results re-inforced the recommandation by Klerks & Weis (1987) : « It seems dangerous to

relax water quality criteria on the assumption that all populations in polluted environments will evolve an

increased resistance ».
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Berthet B., Amiard J.C., Amiard-Triquet C , Martoja M. & Jeantet A.Y., 1992.- Sci. Tot. Environ., 125 : 97-122.
Hummel H., Amiard-Triquet C , Bachelet G., Desprez M. et al., 1996.- J. Sea Res., 35 : 315-321.
Johansson C, Cain D.J. & Luoma S.N., 1986. Mar. Ecol. Prog. Ser., 28 : 89-97.
Klerks P.L. & Weis J.S., 1987.- Environ. Pollut., 45 : 173-205.
Langston W.J. & Zhou M., 1987.- Mar. Environ. Res., 21 : 225-237.
Mason A.Z. & Jenkins K.D., 1995.- In : Metal Speciation and Bioavailability in Aquatic Systems, Tessier A. & Turner D.R.,
eds, John Wiley & Sons for IUPAC, Vol. 3 : 479-608.

The Marine Environment Laboratory operates under an agreement between the International Atomic Energy Agency and the
Government of the Principality of Monaco. This research was supported by IFREMER (Convention 95 1 450049) in the
framework of the French National Programme of Marine Ecotoxicology.
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Bioavailability of particles and low molecular mass species to the mussel
Mytilus edulis

P. Borretzen and B. Salbu
Laboratory for Analytical Chemistry, Agricultural University of Norway, 1432 As, Norway

To study the bioavailability of metals associated with suspended sediment fractions, the "pulse chase" method described
by Decho and Luoma (1991) has been used with mussels in biotest experiments. Sediments from the Stepovogo fjord on

the east coast of Novaya Zemlya were spiked with very low concentrations of the y-emitting nuclides Cs, Co,

Zn and Cd. The spiked sediments (< 20 \im) were diluted in seawater (to about 6 ng/1) and fed to the common
blue mussel (Mytilus edulis). Seawater and mussels were collected at the marine biological station in Drabak on the
Oslo Fjord, Norway. Similarly, blue mussels were also exposed to spiked ultra-filtered (< 3 kDa) seawater and thereby
exposed to low molecular mass (LMM) species. The use of y-emitting nuclides makes it possible to follow the temporal
metal concentration in each mussel in a non destructive manner, thereby significantly reducing the biological
variability. Based on measurements of individual mussels, retention curves were obtained (Fig. 1 & 2).

50 100
depuration time [hours]

Figure 1 Retained particle associated trace metals in the mussels as a function of time after ingestion of radiolabeled
sediment particles (n = 3-5, ± 1 SD). The amount that is still retained after 72 hours of depuration is assumed to be
assimilated. Note that the logarithmic vertical axes do not have the same scale.

10
0 5 10 15

depuration time [hours]

Figure 2 Retained LMM trace metal species in the mussels as a function of time after exposure to tracer diluted into
ultra-filtrated (<3 kDa) seawater (n = 2-4, ± 1 SD). Note that the logarithmic vertical axes do not have the same scale.
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At the end of each experiment, the mussels were dissected. The
results demonstrate that particle associated metals were
preferentially associated with the mussel soft parts (Cs not
detected), and that LMM Zn and Co were preferentially
associated to the shell, while the LMM Cd and Cs were
preferentially found within the mussel soft parts.
The assimilation efficiency coefficients (AE) were estimated
using compartmental modelling (Fig. 3). The mussels were
divided into two compartments describing an initial fast
egestion and a subsequent slower physiological turnover.

Figure 3 Compartment model describing the
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Figure 4 Best fit curves achieved by the numerical optimisation program ModelMaker (Cherwell
Scientific).
e = egestion and p = physiological turnover.

By fitting the model parameters to the
experimental data using numerical optimisation
(Fig. 4), the biological half lives

Table 1 Biological half-lives for the two compartments,
and assimilation efficiency for the spiked sediment obtained
by compartmental modelling.

two compartments and the assimilation
efficiency (AE) were estimated (Table 1).
For filtering organisms, like blue mussels, the
initial uptake of particle associated metals is
significantly higher than for LMM species.
Furthermore, AE's estimated for LMM species
are significantly lower than for particle
associated trace metals.

Co
Ingested metal

Cs Cd Zn
w o o m °-62 °-56 °-71 °-75

tbl/2(p)[h] 357 9.8 831 243
AE [%] 22 5 54 22

Decho, A. W., Luoma, S. N., (1991), Time-courses in the retention of food material in the bivalves Potamocorbula
amurensis and Macoma Balthica: significance to the absorption of carbon and chromium, Mar. Ecol. Prog. Ser. 78:
303-314

Gagnon, C, Fisher, N. S., (1997), The bioavailability of sediment-bound Cd, Co, and Ag to the mussel Mytilus edulis,
Can. J. Fish. Aquat. Sci. 54: 147-156

This summer complementary experiments with mussels and also with a fish species (prob. Turbot; Scopthalmus
.naximum, with which pilot experiments already have been performed) will be conducted.
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CONCENTRATION DES METAUX LOURDS CHEZ LA PALOURDE
Ruditapes decussatus (L) D'UN MILIEU LAGUNAIRE : LE LAC

MELLAH (EL KALA) / ALGERIE

Benyahia BOUDJELLAL & Wahid REFES

ISMAL. Laboratoire de Pollution Marine BP.54. Sidi- Fredj/ Staoueli.
Gouvemorat du Grand Alger, ALGERIE.

Les teneurs en Hg, Pb, Cd, Cu et Zn ont été mesurées chez la palourde Ruditapes decussatus.
Cet organisme provient d'un milieu lagunaire saumâtre situé à l'Est de la côte algérienne
(El-Kala).
L'étude a porté sur un total de 280 individus, récoltés avec un pas d'échantillonnage
saisonnier dans deux stations du lac au cours d'un suivi annuel de mars 1993 à mars 1994.
La station I est située au sein d'un herbier à Ruppia maritima dans la partie Nord- Est du lac.
La station II, au sud de la station I, est plus abritée que cette dernière.
Les dosages sont réalisés par un spectrophotomètre d'absorption atomique équipé d'un four à
graphite, une flamme air/ acétylène et un système d'hydrures pour la détermination du
mercure total.

L'analyse de ces éléments métalliques dans cette matrice biologique a révélé une différence
de concentration, d'une part entre les saisons et d'autre part entre les deux stations.

Cependant, le niveau de contamination en ces polluants est très faible.
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The Geochemistry of Offshore Drill Cuttings around Oil and Gas production
Platforms In the North Sea.

Eric Breuer and Graham B. Shimmield
Dunstaffnage Marine Laboratory
Oban, Argyll
Scotland, UK

e-mail erlcb@dml.ac.uk

Abstract- This study was designed to establish, for the first time, the vertical
accumulation, distribution and mobility of dissolved bioactive (Co, Cu, Nl and Zn),
and anthropogenic (Ag, As, Cd and Pb) trace metals in offshore drill cuttings piles
and sediments located around three North Sea oil and gas production platforms in
August and October 1998. The analyses of different geochemical carrier phases
(At, Fe, Mn), radionuclides (Th, U) and tracers of drill cuttings (Ba) were used to
identify the major processes controlling metal behavior within these cuttings.

Initial measurements of dissolved metal concentrations show the wellhead to
have the highest porewater metal concentrations (e.g., Ba (79 r|M), Cd (14 T|M), Cr
(38 TIM), Mn (39 TIM), Ni (78 T\M) and Pb (23 T\M)) with reduced metal enrichment
occurring with distance from the wellhead (e.g., 100 m's from wellhead: Ba (13 T^M),
Cd (0.01 nM), Cr (0.1 nM), Mn (8 T\M), Ni (0.8 T\M) and Pb (2 TIM)), redox cycling
within the upper few centimeters and measurable increases in dissolved Ba and
heavy metals occurring in the overlying water.
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A Study of The characters of DDT Behaviour in The Zhujiang River Estuary—The

Experiment of "C-DDT in The Artifical Marine Microhabitat*

Cai Fulong, Chen Ying, Cai Feng, Qian Lumin

(Third Institute of Oceanography,Stele Oceanic Administration. Xiataen., P. R. China 361005)

From 1994 to 1995, We Carried out the investigation in the dry and rainy

seasons and we studied the characters of HCB, DDT behaviour in the Zhujiang

River EstuaryU1. Due to the sea area is so vast and conditions are BO

restricted that some problems are so difficult to be thoroughly studied. For

this reason., these problems were studied by means of the radiotracer of i'*C —

DDT in microhabitat in 1996.

115 uci of l*C —DDT were introduced into an artifical .microhabitat with the

volume of 500 L and depth of 80 cm. The concentrating and excretion process of

**C — DDT by suspensate, sediment a«d marine organisms fox 55 days were studied

in this paper.

The result showed that the concentration of latC-DDT by the suspensate could

reach a dynamic equilbrium in 24 hr and it's concentration level was between 88

PCi/g and 950 PCi/g. The tendency of the phytoplankton. concentrating "C—DDT

is quite similar to the suspensate, but its concentrating ability was very low.

It could reach to dynamic equilibrium in two days- The concentrating ability of

brine shrimp nauplius for **C— DDT was very lower and the concentrating

tendency turned out contrary to that of phytoplankton- When the sediment was

put into the microhabitat, the surface composition of it could resuspense in

3ea water by hydrodynamic action.Their concentrating speed for T*C —DDT was

rather fast. It could reach 110 PCi/g half an hr and up to the peak (200 FCi/g)

in. one hr. The concentrating ability of two kind of sediment for **C — DDT was

lower. The concentrating ability of macro marine organisms for 1 * C —DDT

was as following: fish was the highest, prawn to the second and mussel was the

smalest. Of the accumulation Iev6l of 14C—DDT distributed in the marine

organisms, in general, stomach —intestine, vicera and gill were higher and

musc-le was less. -

When the deadsorption experiment vras carried out the surface compositions

of the sediment could resaspend and adscrpt 14C—DDT drained by the other

mediums with high value of 768.4 PCi/g. However, as soon as changing water on

the fifth day, the adsorption level of "C -DDT decreased and lasted decreasing

to the fifteenth day with adsorption was 225.8 PCi/g, which was still higher

than the initial adsorption level of the original suspensate. The 1-*C — DDT

adsorpted by the two kind of the sediment was 99.3W and 87.6H on the

fifth dny respectively. Tboi'r half discharge period is 2.5 days. The excretion
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of DDT in the marine organisms: on the fifteenth day 76.696 of^C-DDT in the
fish was excreted and it's half discharge period is 11 days, of which t he
excretion of 1<lC-DDT in stomach-intestine was higher (97.1W) and that in
muscle 'fas lower (43.26W) ; The half excretion period of "C-DDT in the body
of prawn was about 10 days, of which the excretion of "G-DDT in different
tissue-organ? was not qutie difference; After 21<ki of r"C-DDT excreted, the
mussel concentrated again "C-DDT excreted by the other medium and the
concentratioa level was 13.4!H over the that of the original, of which. DDT was
excreted by mantle, gill, vicera and body liquid were 45. 3?ti, 48. 6Pij ^ 11. 7Qo,
25.9?6, but DDT was concentrated by vantrafoot, adduct, shell, byssus were
49.5?1>\ 953H, 2B9M/ 92.3% respectively.

The distribution of " C - D D T in every medium in micTohabitat was showed by
table 1.
Table 1 The distribution of " C - D D T in different medium of the microhabitat

Medium

Microhabitat
Suspensate
Sandy —mud
Mud —sandy
Phyto-planiton
Bnne shrimp
Fish
Prawn
Mussel
Filtered seawater

Radioactive
rate
uci/g(L)

0.74
0.03
0.005
0.04
0.00001
0.05
0.002
0.0007
0.021

Total amount
of medium
<g> (L>

36
2000
2000
45.9
1.7
120
250
150
500

Total amount
of " C - D D T

(uci)

115
26.64
60
10
L 8 4
0.000017
6
0.5
0.1
10-36

Percentage

(W
100
23
52
8.7
1.6

—
5.2
0.4
0.09
9.01

Another the concetrating of different development stage by prawn for the **C

— DDT was also studied- The result was showed by table 2.

Table 2. The concentrating of "C—DDT in different development stage of prawn

Development
stage

Zygota
Nauplius
Zoea
Mysis
Post —larva

Concentrating
time (hr)

0.5-12
0.5-16
0.5-24
0.5-24
0.5-24

Cocentrating
amoumt

(PCi/g)

2069-83926
16971-249037
11359-37240
9191-156602
6311-18824

Concentration
factor

13-538
2424-35577

67-220
84-1424
35-103

The time of
appear peak

(hr)

4
8
2
16
4

RefferTence

[1] Fulong Cai et al. Behaviour of HCB and DDT at the mouth of the Zhujiang

River, China (IAEA - S M - 343/43). Environmental Behaviour of Crop Protection

Chemicals; Proceedings of a symposium Vienna, 1— 5 Jjoly. 1996 Jointly Organized

by IAEA and FAO.

• Agency Research Contract No. 7932yii=/lA£A-MBL
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CHEMICAL CHARACTERIZATION OF ATLANTIC AIR
MASSES AT THE BRAZILIAN GAW STATION AND THEIR
DOWNWIND ENRICHMENT BY INDUSTRIAL EMISSIONS

Vania Campos, Tania Tavares & Magda Beretta
Laboratorio de Quimica Analitica Ambiental -Laquam Jnstiruto de Quimica,
Universidade Federal da Bahia, Campus Universitario da Federacao,
40170-290 Salvador, BA, Brazil.

Norbert Miekeley
Departamento de Quimica da Pontificia Universidade Catolica do Rio de
Janeiro, Rua Marques de S. Vicente 225, Gavea
22453-900 Rio de Janeiro, RJ, Brasil.

Atlantic air masses coming from the E transported by the trade
winds (66% of the time) and arriving at the coastline of east Brasil,
where the Brazilian GAW station is located (Arembepe, 12°46'S
38°10'W) are transported over an industrial area. Deposition of the
chemically enriched air occurs over two river basins running to the
All Saints Bay. Two intensive campaigns of 5 consecutive days
each, during dry and wet season, have been conducted at Arembepe
during 1995. Parallel downwind ground measurements from main
industrial activities have been undertaken at seven other sites.
Sampling and analytical techniques were as follows: H2SO4, HC1
and HNO3 by thermo-denuder/IC; NH3 and SO2 by
denuder/spectrophotometry; O3 with a Dazibi continuous monitor;
particles fractionated by size sampled with 6-stage Berner
impactor, analysis of anions by IC, metals by ICP-MS and PAHs by
fluorescence spectrometry.
In August 1995, representing wet season (prevailing winds from SE
with average velocity of 2.0 m.s"1), levels of most reactive chemical
species and metals were higher than during the dry season (Jan-Feb,

471



chemical species and metals were higher than during the dry
season (Jan-Feb, prevailing winds from E and NE with average
velocity 1.8 m.s"1), with the following winter/summer ratios:
H2SO4, 1.3; SO4, 2.1; HC1, 11.6; Cl, 3.4; metals (Mg, Cd, Pb,
Cu, Mn, Hg, Cr, Al, Cd, Co, Zn, Sr, P and K) ranging from 1.4 -
18, as a result of higher sea spray production in the winter and,
possibly caused by long-range transport of Amazone biomass
burning aerosol transported to the South Atlantic. Levels of
inorganic N-species and total PAHs were higher in the summer,
indicating ship transportion as their main source. Atlantic air
masses downwind from the industrial area are enriched by most
inorganic gaseous compounds as well as by metals and PAHs in
particles. Levels of strong acids are increased by 4.2 times for
HNO3, 10 for H2SO4 and 22 for HC1, while NO3" and SO4

= in
particles raise 6.2 and 2.1 times, respectively. Downwind from a
Cu metalurgical plant, metals were enriched from lowest 1.3 for
Ca to highest 46-52 times for As and Cu, respectively. Total PAHs
were increased as much as 53 times downwind from petrochemical
and oil refinery activities thus suggesting that air input of these
species to the All Saints Bay might be significant.
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DETERMINATION OF RADIONUCLIDES PRODUCED BY ANGRAI
NUCLEAR POWER PLANT IN MARINE SAMPLES COLLECTED IN SACO DE

PIRAQUARA DE FORA BAY - ANGRA DOS REIS CITY - RIO DE JANEIRO

Sergio Ney Machado Cardoso
Maria Dulce Novaes Santoro

ELETRONUCLEAR S.A
Environmental Monitoring Laboratory

Rua Bahia, s/n° - Mambucaba - Angra dos Reis City
Rio de Janeiro - Brazil - ZIP CODE 23908-000

Since 1985, Angra I Nuclear Power Plant, in Itaorna Bay, Angra dos Reis City,
is in commercial operation, and produces 645 MW. It is a light water reactor ( PWR )
with a two loop Reactor Cooling System.

The plant, sometimes, releases to the environment, liquid efluents originated
from the Liquid Waste Treatment System. Before the releases happen, the activities of the
possible radionuclides present in water, are checked. The releases are only authorized if
these activities are under the maximum permissible concentrations established by
ComissSo Nacional de Energia Nuclear ( C.N.E.N. ), the nuclear control institute in
Brazil.

The Environmental Monitoring Laboratory was created in 1978 to monitore all
the environment around Angra INPP ( and then, in order Angra II and Angra III). This
started since pre-operational time and goes on today, during its normal operation.

The purpose of the work is to decribe the activities of the Laboratory in the
collection and analysis of the marine samples: sea water, fish, algae and sediments - which
can be reached by an inadverted release, and to supply the results of the activities
produced by the artificial radionuclides released by the reactor: Strontium-90 ( 90Sr ),
Cobalt-58 and 60 ( 58Co and 60Co ), Iodine-131 ( 131I ), Manganese-54 ( 54Mn ) and
Tritium (3H ) - that can be found today and then compare them with the pre-operational
period, i.e., before the beginning of the plant operation.

The methodology used in the collection, preparation and in the analysis follows
the international standards and the Laboratory works together, with C.N.E.N., in an
intercomparation program to verify the accuracy and precision of the results.

The collection of the samples follows pre-established criteria, like for example,
location of the most important sites for sea water and marine sediments, species of the
most abundant algae located near the plant water release, resident or moving fish of the
zone that use to be eaten by the local population, in order to be able to get real data.

The analysis are realized after the samples had been conveniently prepared, in
which are used conventional methods too.

The counting equipments used by the Radiometric Laboratory are modern.
Even in this way, they are changed by the newest generation, to make improvements to
the quality of the obtained results. The Laboratory has a Multichannel Analyser Series 90
Canberra with High Resolution Detectors ( HpGe ), a Liquid Scintilation Counter
Beckman model LS-1801 and a Gaseous Flux Proportional Detector Canberra model
2400.
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The obtained results for all samples give us the indication that the artificial
radionuclide activities, produced by Angra INPP, are, actually, less than those of the pre-
operational period and are below the limits specificated in Regulatory Guide 4.8 [2,3],
showing that the plant is operating conveniently, without attack to the environment.

These results will be used like pre-operational values for Angra II Nuclear
Power Plant[4].
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Environmental Regulations Concerning TBT - A
Perspective on the Pros and Cons of the Global Ban

Michael A. Champ ' plus others TBD

National regulations) for the use of Tributyltin (TBT) as biocides in antifouling boat
bottom paints are the antithesis of the popular environmental cliche - "Think Globally and Act
Locally." Legislative policies enacted by developed countries to protect local marine resources
have subsequently had far reaching environmental and economic impacts that have in essence
transferred TBT contamination to those countries least able to deal with i t

In the TBT regulatory example, it can be concluded that local and national regulatory
actions, which reflect political (and not environmental) boundaries, may not provide the global
community with sound regulatory policy. Because the developing nations may accept the
environmental and human health risks to gain the economic benefits from the yard work and
painting ships. These developing nations may not have the funding or environmental expertise
available for monitoring, research and technology development that is essential to use these
modem high technology compounds.

Once organotins were highly regulated or "banned," most of the funding for research and
development, and monitoring associated with TBT was terminated in the developed countries
with subsequent loss of new knowledge for everyone. The ban was perceived to have made the
problem go away and therefore, there was no need for further R&D, Today, new technologies
to treat organotin wastewater discharges or solid wastes from dry dock facilities have a high
probability of NOT being developed.

The paper is an assessment reviewing the data and information available for the global
regulatory process and focuses on every aspect of the pros and cons on the use of TBT in
antifouling paints. This includes a revision of the terms of reference, to the lack of comparable
or acceptable alternatives accepted by different countries, to development of criteria for
accepting; alternatives to do they work and arc they safe to a review of the science that the policy
and decision-makers will utilize.

Texas Engineering Experiment Station, Texas A&M University System, P.O. Box 2439
Falls Church, Virginia 22042, Tel (703) 237-0505, Fax (703) 241-1278, <machamp@aol.com>
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TRANSPORT BUDGETS OF POTENTIALLY RADIOACTTVELY CONTAMINATED
PARTICULATE MATERIAL IN THE KARA SEA

D. DETHLEFF
GEOMAR Research Center for Marine Geosciences, Kiel, Germany

H. N1ES
Federal Maritime and Hydrographic Agency, Hamburg, Germany

I. H. HARMS
Institute of Marine Sciences, University of Hamburg, Hamburg, Germany

M. J. KARCHER
Alfred-Wegener-Institute for Polar and Marine Research, Bremerhaven, Germany

In this contribution we estimate the effectivity of sea-ice and dense water for the
transport of radioactively contaminated particulate matter from the Siberian Kara Sea to the
central Arctic Ocean and towards the European Nordic Seas.

In April 1997, shelf surface deposits and sea-ice sediments were sampled at
shallow sites close to the Amderma/Vaygach flaw lead (open water between fast ice and
drift ice; Fig. lc). The Siberian flaw leads are characterized by i) hydrodynamic
incorporation of particulate matter into parmanently leeward advecting new ice, and ii)
through rejection of dense brines subsequent to ice extraction.

The Kara Sea flaw lead sections along the east coast of Novaya Zemlya (Fig. lc)
are located close to - or directly over - the partly extremely shallow Russian radionuclide
dumping areas (100m to ^Qm water depth). According to both our forward ice trajectory
simulations (Fig. lc), and numerical model estimates (I. Rigor, 1997, pers. comm.), at
maximum 10% of the ice formed in the lead sections C and D may leave the Kara Sea
towards the central Arctic Ocean within one winter season. On contrary, the ice formed in
the lead sections A and B approaches an export probability of 100%.

Barents
-,,Sea/

70

69UN

55°E 65"J

FIG. 1. Area of investigation (a). Geographic background and the transpolar ice stream are
displayed in the lower left small sketch (b). The flaw lead sections (A-C: Novaya Zcmlya.
D: Amdcrnui/Vaygach), the main Russian dumping bays (radioactivity-labels), and the
modeled ice drift trajectories (black lines) are shown in the small upper right figure (c).
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For estimating the sea-ice sediment entrainment
and export budgets we considered only the material
loads incorporated in the uppermost 6O-70cm of the
cores sampled in lead area D (Fig.l, Fig. 2). We
combined the resulting mean value of 1 lmg/1 ( s 1 lg/m3

* 11 x lO3t/km3) with the ice volume formed in the lead
sections A, B, C (after [1]: 7, 17, and 11 km3/y), and
D (own estimates: 7 km3/y). Since no sea-ice sediment
data are available of the lead sections along the eastern
coast of Novaya Zemlya, we assumed the sea-ice
sediment content in section D to be also representative
for sections A-C.

A total of roughly 500.0001 of sediment
could be entrained into the ice formed in all western
Kara Sea flaw leads during the 1996/97 winter season.
The sediment export rates of the lead sections C and D
differ significantly from their potential entrainment rates
since the ice formed in these areas leaves the Kara
Sea only with a probability of at maximum 10%
before summer melt. Thus, a total (reduced) seasonal
export of ca. 300.000 t of sediment from the western
Kara Sea leads towards the central Arctic Ocean could
be estimated.

We then combined our sediment entrainment
and export estimates with measured and calculated
Cs-137 and Pu-239,240 contamination levels (Bq/kg)
in surface deposits close to - or directly beyond - the
flaw lead sections. The maximum surface sediment
concentrations of 3000 Bq/kg Cs-137 and 750 Bq/kg
Pu-239,240 were calculated from the modeled surface

Particle content
(mg/l)

10 20 30 40

200
0 40 80 120160
Particle content

(mg/l; #5)
FIG. 2. Material load of ice
cores taken close to the
Amderma/Vaygach flaw lead.

water concentrations of 1000 Bq/m3 Cs-137, and 7.5 Bq/m3 Pu-239,240 according to an
instantaneous release of 1 PBq Cs-137 and 10 TBq Pu-239,240 [2].

Our estimates show that maximum entrainment levels of particle-bond Cs-137 and
Pu-239,240 may amount to as much as 0.58 and 0.17 TBq, respectively, while the
maximum export rates do not exceed 0,40 and 0,12 TBq (reduced due to ice drift
conditions). This represents an annual radionuclide transport along with sea-ice sediments
of only 0.0004 and 1.2 % of the total Kara Sea Cs-137 and Pu-239,240 inventories.
Additionally, an export yf 6.3 and 0.46 TBq dissolved Cs-137 and Pu-239,240 through
lead-ice could be estimated based on modeled local surface water contamination.

The downward transport of dissolved radionuclides along with salt brines rejected
through lead-ice formation was estimated to as much as 530 and 900 TBq Cs-137 with
35.1 and 34.75 salinity dense water, respectively. This makes a theoretic total of 1.43
PBq, while the simulated release did not exceed 1 PBq. Additionally, potentially 3.98 and
6.75 TBq dissolved Pu-239,240 (total: 10.73 TBq) could descend with 35.1 and 34.75
dense water, which also exceeds the simulated worst case release of 10 TBq. The total
possible downward transport of particle-bond Cs-137 and Pu-239,240 with dense water
amounts to as much as 12.69 TBq and 3.74 TBq, respectively.

However, the deep convection of dense water along the east coast of Novaya
Zemlya. and rhus, the downward transport of particle laden and polluted brines towards
the Arctic basin seems to be questionable. Thus, we can state - that despite lower absolute
export rates - sea-ice has to be regarded as the by 50-100% more effective transport
mechanism for radioactively contaminated sediments from the Kara Sea since the absolute
concentration of potentially polluted particles in sea-ice is generally several times higher as
compared to the same volume of ocean water.
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SOURCES OF POLLUTION IN THE CASPIAN SEA AND ORGANIZATION OF MONITORING

I. V. DUMCHEV
Mangyshlac Atomic Energy Complex, Actau, Kazakstan

The Mangyshlac industrial region is laid out on the west coast of Caspian sea. Center of
re ;ion is Aktau, near which there are the large industrial manufactures, including NPP Aktau.
wi th FBR (type of reactor).

The Caspian aca concerns to rich fish-industry reservoir 1 category and consequently to
Lh..: control for release (drop) of waste waters to it the special attention i3 given. The contents in
re]ease (drop) waters of harmful chemical substances causes negative influence on natural
process self-clearness reservoir, poisons waLer organisms, causes disease of fishes and eLc The
systematic control for the contents them in water Caspian sea and in drop waters of the
enterprises is carried out(spent).

The frequency and volume of the control drop in Caspian sea is made according to the
ru cs of the control of wastewater. The control is fulfilled by selection of tests in control points
and analysis them in laboratory conditions.

On the basis of received data levels, reasons and sources of pollution drop waters, of the
in-iustrial enterprises and coastal zone of the sea are established. A source of water supply and
receiver of wastewater is Caspian Sea. The places inlet and outlet of clear and wastewater of the
enterprises are shown on the picture.

In outlet the channel 1 acts:
Cooling water from equipment of TPS-1 (Thermo-power station);
Drop water after regeneration of filters the system of preparation chemical water for

ITS;
Drop of water from washing surfaces of heating of boilers, from preservation and

chimical clearing of equipment;
The drop concentrates from vapour facilities (the desalting systems) with DF, ODF;
Urban waste waters after biological clearing;
The most polluted is drop water after washings the equipment and regeneration of filters.

TJ ese waters contain released in the sea weighed substances (chalk), products of corrosion (iron,
copper), raised(incrcased) acidity.

One of characteristic parameters of pollution arc nitrogen containing substances.
To the basic and constant sources of receipt in the channel of 1 raised (increased) contents of
inorganic connections of nitrogen waste waters of urban clearing structures are. .From received
data it is visible, that annual (average) the contents nitrogen exceeds norm limiting - allowable
release in 4 times, iron in 10 time, phosphate in 6 times. However, at dilution by other waters on
dr )p of the channel 1 at all ingredients the excess of norms on allowable release is not present.

Release in the sea from a platform 2 comes through the drop channel 2 and intermediate
sciiment pool ("SOR") extent 13 km.. On platform 2 are located TPS-2, NPP Aktau, TES,
factory of manufacture distil water (FMDW). In drop channel 2 acts:

Cooling waters of the equipment TPS-2, TES, NPP Aktau;
Drop water system of preparation chemical water, TPS-2, TES;
High salt concentrated water from FMDW;
Drop water from NPP Aktau.
The basic sources of pollution in flows from FMDW (up to an input(entrancc) in "SOR")

an: weighed substances (chalk) and products of corrosion (mainly, copper). After dilution in
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"SOR" the copper and weighed substances on release of the channel 2 did not exceed normative
meanings. The analysis of ihc contents of harmful chemical substances in wastcwater of the
ch:innel 2 testifies to an identical level of pollution practically on all ingredients during 1995-
19'>7 years. On all the controlled ingredients the concentration on release 2 does not exceed
established norms LAC (Limit allowed concentration) and remains at a level of the previous
ye; ITS.

The special attention is given to the control for releases of technological water from
NT P, from the point of view presence in drains radioactive isotopes cesium and strontium, as the
me st dangerous, from the point of view, influence to an environment and on health sea flora and
fai na. Al nonnal mode of operations NPP Aktau the exit radioactive nuclide in an environment
occurs and considerably with release by air ventilation systems and drop waters from NPP.

The program of the control includes determination of the contents dangerous in the
bk logical altitude radioactive nuclidc in atmospheric air, ground, vegetation in water of a coastal
zone of the sea, water plant, bottom disposal deposits sea organism. Volume of waste waters of
th« enterprises, containing radioactive substances make3 no more than 90000 m3/ycar.

Basic active nuclidc, contained in waste waters of the enterprises, is Cs-137. The waters,
po .luted with radioactive substances act in industry the water drain system, then in general drop
ch innel of the enterprise. In drop channel occurs strong dilution of a flow, containing radioactive
substances. A tolal drain of water in the channel makes about 1 250 000 000 M3/FOA. Therefore
du concentration Cs-137 in a point of issue of wastcwatcr in Caspian sea is commensurable with
background concentration in sea water. Gcneral(common) release Cs-137 in 1996-1997 years,
was and is at an average annual level anH has made 0,41 and 038 K U/ycar, that makes about 1 %
frcm LAR (Limited Allowed Release).

In the drop channel and nearest territories of the sea the control of accumulation
radionuclidcs in silt deposits, water-plants is carried out. The radioaclivUy of silt deposits, water-
pi; Jits is caused the contents in them natural radionuclides, in basic, natural K- 40. The contents
C;-137 is at a level of a natural background.

The items of selection of tests of water, and also tests of bottom deposits and water
points are submitted on a drawing. The results of radiochemical determination St-90 and Cs-137
in concentrates of water tests arc submitted in the table. From the table it is visible, that the
contents long-term nuclides St-90 and Cs-137 in water tests is rather not enough: their
co iccntration do not leave for a limit 1.1 * 10 "l2 K U/L. Inspections of waters of Caspian sea in
region of an output channel has shown, that already on distance 1,5 mile from a coast the
pollution is away and not defined (not watched) it and in the next points (Xa 11 and >f° 13),
located to the south and to the north of an output of the channel, only near to a coast, to the south
of an exit of the channel (item Jfe 5) concentration Ca-137 yet is a little bit raised (increased).

General conclusion of the analysis of the contents radionuclides , which produced by
Nl'P and released in an environment shows, that in all surveyed items of a hydro-network of
industrial region concentration St-90, the contents Cs-137 corresponds(mccts) to a global level.
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Content of strontium-90 and cesium-13 7 in water samples
Index
of
sam
pie

1__

2
2a
3

4
4a
5

6

7

8

9
10
11

12

13

Place of select sample

2
Water-picket canal
Outlet (near plant)

Outlet (region of
overflow)

Outlet (overflow)
-"-

Caspian Sea (region of
resting base)

Outlet from TES
(overflow)

Caspian Sea (northern
of city)

Caspian Sea (pier of
Shcvchcnko)

Drinking-water
Drinking-water

Caspian Sea (resting
base, 1 mile from ripe'
Caspian Sea (athwart

of outlet, 1.5 miles
from ripe)

Caspian Sea (northern
of outlet, 1.5 miles

from ripe)

Date of
select

sample

3
12.09.97
13.09.97
13.09.97
14.09.97

15.09.97
15.09.97
19.09.97

20.09.97

21.09.97

20.09.97

10.09.97
21.09.97
26.09.97

26.09.97

26.09.97

strontium-90
decay/min.
100L

4
70±10
60+.10
70±20
80±20

70±10
80±20
80±20

60±10

70±20

60±10

<10
<10

80±20

70±10

80±20

lO"12

curie/L

5
0J0±0.05
025±0.05
0.30±0.10
0.35±0.10

0.3010.05
O.35±O.1O
O.35±O.1O

0.25±0.05

0.30±0.10

0.25±0.05

<0.05
<0.05

0.35±0.10

0.30±0.05

O.35±O.LO

cesium-137
decay/min.
100L

6
70±10

240+40
230+40
190±30

160±30
170±30
110±20

70+10

60+10

60±10

^20
<20

70±10

70±10

70±10

io-u

curic/L

7
0.30±0.05
1.10+0.20
1.05+0.20
0.85±0.15

0.70±0.15
0.75±0.15
0.50±0.10

0.3O±O.O5

0.25+0.05

0.25±0.05

<0.1
<0.1

0.30±0.05

O.30±O.O5

0.30±0.05

117 Cs /
90 Sr

8
1.0
4.0
3.3
2.4

2.3
2.1
1.4

1.2

0.9

1.0

-
-

0.9

1.0

0.9
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THE FLOW OF RADIONUCLIDES THROUGH THE CANADIAN
ARCHIPELAGO

{CATHERINE M. ELLIS & JOHN N. SMITH
Fisheries and Oceans Canada, Bedford Institute of Oceanography,
Dartmouth, N.S., B2Y 4A2 Canada

The Canadian Archipelago consists of 16 passages connecting the Canada Basin of the
Arctic Ocean to the west and Baffin Bay to the east. The flow of water from the Arctic
Ocean through the Archipelago is restricted to the surface water especially in the central
region by the shallow sills present in each passage. The sill depths for the major
passages range from less than 100 m in Jones Sound to 130 m for Lancaster Sound up to
250 m in Nares Strait to the north. The Arctic surface water is modified as it flows
through the Archipelago. The halocline is warmer than in the Arctic Ocean due to
diffusive flux of heat from the underlying warm Atlantic layer and there is freshwater
input from rivers and ice melt. The flow from the Archipelago into Baffin Bay is
significant, contributing an estimated 2 Sv, or 25 percent of the inflow for Baffin Bay [1].

A large portion of the diet of the northern inhabitants who live within the Canadian
Archipelago is made up of marine species such as whale, seal, fish and mussels. The
transport of contaminants to this region by air and in water and their concentration
through the marine food web has lead to enhanced levels of contaminants in several
foods. Artificial radionuclides in the marine water can be used to determine water
circulation and to trace contaminant transport through the Archipelago. A time series of
measurements of artificial radionuclides, including measurements from the 1970s and
1980s as well as 1990s, at the entrances, exits and through the Archipelago is used to
trace the flow in and out of the Canadian Archipelago.

Recent radionuclide measurements in the Arctic Ocean from icebreakers and submarines
have provided additional insight into the circulation patterns and rates in the Arctic
Ocean. Levels of 129I and I37Cs have been increasing in Atlantic water of the Arctic
Ocean. 1 9I, whose main source is the nuclear reprocessing plants in Britain and France,
clearly marks recent Atlantic source water. Atlantic water also provides most of the
sources for 137Cs which include nuclear fallout from weapons tests, the Chernobyl
accident as well as the European reprocessing plants. Ratios of 129I to 137Cs, corrected
for l37Cs inputs from the Pacific Ocean, have been used to estimate transit times from the
Norwegian Coastal Current to various locations in the Arctic Ocean [2].

Profiles of these radionuclides in Baffin Bay made through the 1970s and 1980s reflect
the decay of fallout radionuclides, the input from Chernobyl and European reprocessing
plants via the western Greenland Current and low activities flowing from the Arctic
Ocean. Measurements in Baffin Bay and Hudson Strait in 1997 indicate continued decay
of fallout radionuclides. A comparison of profiles of 137Cs and 129I in Jones Sound and
Nares Strait illustrate differences in their source waters. Samples collected for
radionuclide analysis in the Canadian Archipelago in 1997 provide some of the first data
from this area. The levels of 129I and 137Cs will be used to determine the contribution of
Atlantic water to water flowing through the Canadian Archipelago in various passages.
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Conclusions

1. Initial results indicate that significant changes in radionuclide activities have occurred
in Baffin Bay between 1980 and 1997.

2. The radionuclide levels in the Atlantic water in the Arctic ocean are increasing due to
the arrival of enhanced releases from European reprocessing plants.

3. Radiotracers provide new insight into water circulation in the Arctic Ocean, Baffin
Bay and the Canadian Archipelago.
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RADIOLOGICAL STUDY OF BARDAWIL LAKE IN EGYPT
M.S. El-Tahawy and Ashraf Khater
National Center for Nuclear Safety and Radiatian Control (NCNSRC), Cairo , Egypt

Bardawil lake is one of the five northern lakes which are originally bodies of the Mediterranean sea water
and located at the very north of Egypt (map on fig. I )Bardawil lake is located in the northern part of Sinai
penensula between 31 02 and 31° 14 N longitude ; and 32° 40 and 33n 37 E logoon This lagern covers an
area of about 600 km . It is about 80 km long and its maximal width is abont 18 km. The water depth
ranges from few centimeters to about 2.9 m in the westen arm. It is connected with the sea through three
inlets, two of which are kept artificially open by periodical dredging, while the third is natural. The lake
water is actually a mixing oflocal groundwater with the sea water. The salinity ranges from 46.6 to 81.1 g/l
[1]. The annual fish production is about 2500 tons (65% Bream, 20% Mullets, 6% seabass, 5% Sole and
3% others). Fishing is banned yearly for four months in order to allow fish to reproduce and to grow
reaching marketable size.

Fig. I

Sampling sites

for bottom and

shore sediments
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Sampling & Sample Preparation: Twenty six bottom sediment (BS) samples, twenty six water samples,
nine shore sediment (SS) samples (see the map with the sampling site locations) and 36 fish samples of all
above mentioned types offish were collected.
For Gamma-spectroscopy Analysis (GA) the bottom and shore sediment samples were dried at 115° C,
crushed, sieved through 1 mm mesh size, homogenized and transfered, to Marinelli beakers.The beakers
with samples were sealed for 4 weeks to reach secular equilibrium between Radium-226( of the U-238
series) and daughters.
The water samples were acidified ( with nitric acid to avoid micro- organizms' growth and to minimize
water-walls interaction), stored in polyethylene containers for transportation to the laboratory.
The fish samples obtained from the professional fishers were washed thoroughly and filleted. The head
with the bone (HB) and the flesh (F) were dried separately at 80°C.Every dried sample was milled and
transfered to air tide polyethylene container of 100 or 250 m/capacity.
For Alpha - spectroscopy Analysis (AA) some bottom sediment samples with 60-100 mBq U-232 tracer is
dissolved. For uranium separation, the dissolved sample goes through steps of chemical extraction, co-
precipitation, ion-exchange and electrodeposition on stainless steel disk [ 3 ].
Gamma-Sectroscopy Analysis: Using y-spectrometers based on HPG-detector in a lead shield with two
internal cadmium and copper cylinders, the bottom sediment and shore sediment samples.water samples,
fish flesh samples and head & bone samples were analyzed after absolute efficiency calibration of the
spectrometer [4]. The average specific activity of Ra-226 (of the U-238 series), Th-232 series, K-40 and
Cs-137 in Bq/kg (dry weight) fo 26 pottom sediment (BS) and q shore sediment (SS) samples is given in
table (I). In brack
ets the range of specific activity variation is given.

Table (1)

Type of
Samples

BS

SS

Total Number
of Samples

26

9

Ra-226

6.79
(3.36-13.16)

3.82
(2.49-7.45)

Th-232

4.46
(2.32-9.11)

2.4U
(1.65-4.81)

K-40

185.6
(94.9-258.8)

1(18.4
(67.8-197.6)

Cs-137

2.51
(0.10-6.50)

0.19
(0.10-0.55)

For the analyzed water samples ,the K-40 radionuclide was the only one with concentration higher than the
detection limit of the spectrometer . The average K-40 concentration of the analyzed 26 samples is
18.3Bq/l and the values of individual concentration ranged between 11.7 and 30.5 Bq/1. The same
concentration was measured using flame fluorimeter and was found to have average value of 19.9Bq/l
(14.9-26.6 Bq/1).
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The average values ( and the range of variation) of the concentration of Ra-226 (U-238), Th-232, K-40
and Cs-137,in Bq/kg (dry weight) in the analyzed 36 fish flesh (F); and 30 fish head and bone (HB)
samples are given in table (2)

Table (2)

Type of
Samples

F

HB

Total .Number
of Samples

36

30

Ra-226

3.03
(0.6°-5.58)

3.90
(0.6°-7.65)

Th-232

1.43
(0.5°-2.69)

2.07
(0.50°-4.73)

K-40

320.7
(129.7-470.9)

219.3
(94.6-450.1)

Cs-137

0.42
(0.1B-1.43)

0.43
(0.1°-1.37)

Alpha Spectroscopy Analysis
Using an Alpha spectrometer based on surface- barrier detector, six bottom sediment (BS)samples
collected from different sectors of the lake were analyzed. The specific activity of U-238,U-235, total
uranium (Bq/Kg dry weight) and the ratio of U-234/U-238 are given in table (3).

Table (3)

Sample code
BS 4
BS 9
BS14
BS18
BS21
BS27

U-238

61.6+
9.811.1

49.816.3
49.5+3.3
45.7±2.7
55.915.9

U-235

4.90+0.59
0.34+0.20
1.12+0.66
1.72+0.45
0.6210.21
2.36+0.81

Total U

128.816.9
17.9+2.2

114.2114.5
104.017.3
90.915.5

107.6+12.1

U-234/U-238

1.011007
0.79+0.13
1.2710.22
1.0710.10
0.9710.08
0.8810.13

The absorbed dose equivalent in uSv / y due to the ingestion of Ra-226(of the U-238),Th-232 and K-40
resulting from flesh consumption of 7 Kg/y offish was calculated [5] for the 36 collected fish samples.
The average equivlent absorbed dose is found to be 25.8 uSv/y with range of variation from 9.9 to 43.1
uSv/y. The contribution from Ra-226, Th232 and K-40 to the average dose is 7.5, 7.1 and 11.2 u.Sv/y
respectively
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CONCENTRATIONS AND DISTRIBUTION OF FIVE HEAVY METALS IN BOTTOM SEDIMENTS
OF THE MEDITERRANEAN SEA AT EL MEX BAY (ALEXANDRIAJEgypt)

Osman A El-Ravis.and O.M. Abuldahab
Oceanograpny Dept, Faculty of Science, Alexandria University, Moharrem Bek 21511, Alexandria, Egypt.

J.P. Riley
Oceanography Laboratories, Faculty of Earth Sciences, Liverpool, University, Liverpool, England, U.K.

Concentrations of the metals Pb, Fe, Mn, Cu and Zn as well as percentage of the organic carbon and
mud and sand fractions in the Mediterranean Sea sediments at El-Mex Bay, Alexandria (Fig. 1) are listed in
Table 1. Dealing with the spatial distribution of metal contents in the sediments , the bay can be divided into
two main zones: nearshore ( < 10 m depth) and offshore zones. The first nearshore zone is generally of high
metal content with respect to the other offshore zone. Also, the first zone away from the digging activity in
front of El-Dekhaila (station 7 , the area planned for setting up the quays and the new El-Dekhaila Harbor)
can be distinguished into two sub-zones. The sub-zone I: is the area in front of both Umum Drain (discharge
rate 6 million nr/d) and the nearby entrance of the Western Harbor, WH, its sediments are of considerably
high metal content. The other sub-zone II: is at the immediate vicinity of the outfall (rate 35,000 nr/d) of a
ChJor-alkali Plant, CAP, there the sediments are also of high metal content in particular Pb. The sediment in
the digging activity area ( station 7) is disturbed and contains relatively high metal content especially Mn.

Examination of the sp&ial distribution of the mud content in the. study area reveals that, generally, most
of the bay ssdiments gr&volometrically are sandy. The offshore ones are of higher mud content with mean
value 42 %. The sediments of El Mex Bay are generally of low organic matter content ranging between 0.1
and 3.3 %, with an average i.37 %. El Mex Bay is exposed to the open sea action particularly during gales
which frequently prevail in winter.

[ntermetallic relationships and correlation coefficient between each metal and the mud content in El-Mex
Bay area show that all metals are well associated with each other. The association with Fe is stronger than
with mud or organic carbon. This observation suggests that the association of the metals has taken place
mainly through their coprecipitation with Fe- and Mn-oxyhydroxides from the ambient water during the
mixing process between scawater and the drainage water off the Drain. El-Rayis et al.(1996) showed that in
the mixing area considerable proportions of dissolved Pb, Fe, Mn ( and Hg) are lost from the water column
as they behave non-conservatively. The present work .therefore, suggests that the lost metals have been
incorporated within the nearshore coarser sediments that are lying beneath the discharge plume. This
incorporation more likely occurs as adsorption or coating on the sediment particles rather than as discrete
grains in such area subjected to the open sea action. The parallelism found between the areal distribution
pattern of these metals in the coastal sediments and that of each of the suspended matter, ug/1,(El-Rayis
personal comm.) and the freshwater percent (El-Rayis et al., 1996) in the bay waters confirms that the
Umum Drain is not only the main source but also is responsible for the dispersion and for the observable
distribution pattern of metals in the bay.

In order to study the impact of the iandbased sources of pollution including the CAP discharge to the
bay sediments, a current over all accumulation (pollution) index of these metals was attempt using the
concentration of the metals in the offshore sediments remote from the direct effect of the land runoff as
background levels ( Table 1). It seems that the current concentrations of the studied metals in El-Mex Bay
sediments is 2 to 3.7 times higher.

As the place of the construction of the quays and the new harbor will be restricted to the western extremity
of the bay, therefore, this part will be the most affected area. Obviously, the water inside the new harbor will
be more calmer and will allow for accumulation and precipitation of particulate matter that reach there either
from allochthonous or autochthonous sources. i,e. from the neighboring landbased sources or during loading
and unloading of the cargoships canying the raw materials necessary for the neighboring Alexandria National
Iron and Steel factory at El-Dekhaila. All of these in addition to other activities there certainly will affect the
characteristics of the bottom sediments of this area of El-Mex Bay.
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Pu-239+240 and Pu-238 distribution among dissolved, colloidal
and particulate phases in the Rhône River (France)
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The Rhône River is the major source of terrigenous and freshwater inputs to the Norhwestern Mediterranean

Sea. Plutonium nuclides reach the Rhône River system through the weathering and erosion of surface soils

contaminated by the global fallout from atmospheric nuclear tests, and the liquid effluent discharges from

the Marcoule nuclear fuel reprocessing plant (fig.l). To substantiate geochemical behavior of transuranium

nuclides and to estimate their availability and toxicity towards organisms needs the study of their chemical

and physical forms in natural water systems.

The determination of plutonium distribution among dissolved, colloidal and particulate phases was

investigated in the Rhône River at Aries, 50 km upstream the river mouth, in May 1997. The flow rate of the

river reached its average annual value (i.e., 1800 m3 s"1). 1100 1 of fresh water were collected, a part (900 I)

was prefiltered on 1200 and 450 nm, then ultrafiltered by sequential ultrafiltration. For operational details

see[l].

Non filtered (total), filtered (<450 nm) and ultrafiltered (<2 nm) samples were analysed for plutonium

content after co-precipitation with Fe(OH)3 and using radiochemical procedures by solvent extraction and/or

cation exchange. Upon radiochemical separation, plutonium alpha sources were preparated by electrolytic

plating onto stainless-steel discs.

Contrarily to Pu nuclide activities in the Rhône sediments, very few data are available concerning the Rhône

River freshwater. Pu-239+240 and Pu-238 activities measured in the non filtered sample reached

43,8 ± 2.3 uBql'1 and 17,8 ± 1.3 uBql"1 respectively (Table 1). These activities are lower (-35%) than in

August 1989 [2].This can be related both to a higher Rhône River flow (i.e., radionuclides dilution) and the

decrease in Pu discharges since 1991 (1/400) due to new treatment processes of the Marcoule liquid effluent

[3]. The Pu-238 /Pu-239+240 activity ratios (AR) measured in the various fractions are not significantly

different reflecting as expected the same physico-chemical behavior of the various Pu isotopes within

particulate, colloidal and true dissolved phases. The average AR value is 0.40 ± 0.08 which is characteristic

of the Marcoule plant's liquid effluent [4]. Our results indicate than in the Rhône River under moderated

flow rate, 85% and 9% of the total plutonium is associated with particles > 450 nm and colloidal substances

(2-450 nm) respectively. Indeed, Thomas [5] observes that in the Rhône river, the transport of plutonium is

largely under the particulate form. Although some observations have been recently made on colloidal

plutonium association in sea waters [6] and in the Shellafield plant effluents [7], data on plutonium
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association with colloidal compounds in natural freshwaters are very scattered. Nevertheless, the

observations reported by [8] and [9] showing an important plutonium affinity for colloidal substances in

groudwaters and superficial freshwaters are consistent with our results.

Petit Rhdne J ^ \

vL ^\ >L .

Mediterranean

MARCOULE

\Rh6ne

' S.DURANCE

V
iRLES

Grand Rhdne

sea

Total

<450 nm

<2 nm

Pu-239+240

43,8 ±2.3

6,67 ± 0.66

2,74 ± 0.47

2

1

Pu-238

17.8 ±1.3

72 ± 0.42

,04 ± 0.32

AR

0,41 ± 0

0,41 ± 0

0,38 ±0

.04

.07

.13

Table 1: Pu-239+240 and Pu-238 activities (uBq I'1)
and Pu-238 /Pu-239+240 activity ratios (AR) in the Rhone River
(1800 m3 s"1, average annual flow rate: 1700 m3 s"1).

Figure 1: Sampling area
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MARINE POLLUTION IN CAMEROON: STATE AND REMEDIES
FOR SUCCESSFUL CONTROL AND MONITORING

J. Folaclc
Institute of Agricultural Research for Development (IRAD)
Research Station for Fisheries and Marine Science (RHSM)
PMB 77 Limbe - Cameroon.

Cameroon is situated at die base of die Gulf of Guinea, and opens into the Atlantic Ocean with a coastline of
about 360 km. The Gulf of Guinea is a semi-dosed milieu, with two opposing groups of currents: the Benguela and
the Equatorial currents from the southern sector, on the one hand, and the Guiuean current and the Equatorial counter
current from the north, on the other hand. Pollution control in this region, with its complex and poorly understood
circulation, is of prime importance to the coastal community and should be considered in global terms, so as to arrive
at integrated solutions within a regional context. In effect, the countries of the Gulf of Guinea sub-region share almost
the same oceanographic conditions and marine resources. They all experience the same problems in connection with
marine pollution control and the integrated management of their coastal zones.

This paper analyses the various research results obtained over several years in Cameroon on coastal and marine
pollution, especially pollution by solid wastes, industrial and domestic effluents, hydrocarbons (tar balls), heavy metals
and pesticides. Values in the order of 175,531 and 194,685 tons have been estimated for aiuiual pollution loads in
terms of BOD and suspended matter respectively (Angwc and Gabche, 1997). With respect to BOD, the most polluting
industries are petroleum refineries, food processing and chemical industries which respecitvely represent 38, 36 and
10% of the total annual BOD. Measurement of tar balls on various Cameroonian beaches (Table I) shows values as
high as 42.40 g/ni2 of beach, while the concentration of heavy metals and pesticides (Table 2) encountered in shrimps
and fish consumed in Cameroon shows a very wide range of values. Most of these values are similar to those obtained
within the region, and some are alarming in their magnitude.

The countries of the region have become aware of the problems of marine pollution. Thus, the government
of Cameroon has adopted its National Environmental Management Plan (NEMP), in which marine pollution is given
high priority; the NEMP calls for the integrated management of marine and coastal zones. High risk zones have been
identified. Control and monitoring programmes have been set out, but their execution is hampered by financial
dificulties, absence of target-oriented research and conflict of competence between various ministries involved in the
management of the coastal zone; existing legislation in the domaine is inadequate and ill-adapted. The absence of
national normes on marine pollution makes the situation even more difficult. Results so far obtained are insufficient,
with regards to the problems encountered.

To reduce marine pollution in Cameroon and ensure better control and monitoring, it would be necessary to:
compile an inventory of existing texts relating to marine pollution and adapt them to the current situation, create a
committee to set normes for various types of pollution, adopt a standard methodology at the regional level for studying
and measuring marine pollution. Education and sensitization of the population should be a priority, and should be
carried out through the public media and NGOs. Users of the coastal and marine zone should be involved in the
planning and development of all activities related to marine pollution.

Table 1. Tarball concentration on various beaches of the Cameroon coast (g/m2), Ikome (1985) average over
12 months ('), Folack and Ngassa (1994) in June 1994 (2), Gabche et al. (1995) average of 4
samplings from September to November 1995. (3)

Locality

Limbe Dockyard 3

Limbe Mile Six Beach 3

Essongo (Debundscha) '
Souelaba Point (Wouri Estuary) l

Sanaga Estuary 2

Lokoundje Estuary 2

Londji (near Kribi) 2

Limbe Bota '
Debundscha '

Type of
beach

fine sand
fine sand
fine sand
fine sand
fine sand
fine sand
fine sand

rocky
coarse sand

Length or surface
area sampled

50 m2

600 m2

400 m2

100 m2

10 m2

400 m2

100 in2

75 m
175 m

weight
g/ni2 or g/in

01.55
02.9S
04.40
00.00
32.05
16.34
00.00
42.40
03.70
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Table 2: Average concentration of heavy metals (//g/g fresh weight) and pesticides (/tg/g fresh weight).
ND = not determined in the main animal species exploited in Cameroon* coastal and marine milieu

Organisms

Crassoslrea sp.

Pcnacus s|>.

lish

Hg

0.072
0.083

0.057
0.070

0.09
0.06

Cd

0.56
0.25

< 0.10
0.21

0.26
< 0.10

Zn

40.7

40.4

5.55

Cu

8.45

9.5

0.75

Pb

...

—

1.83

References

Mboinccl al.. 1985
Mbome. 1088

Mhumecl al.. 1985 •
Mhemc. 1988

M home ci al.. 1985
Mbome. 1988

Pscudoioliihus typus,
P. sencgalcn.-iis
1'. elongaius
l-tlimalosa limbriaia

0.25
0.23
0.28
0.26

2.20
0.39
0.4.7
0.42

An»we. 1987a
Anywc. 1987a
Anuwc. 1987a
An» we. 1987a

Pish

Penaeus

Cassoslrca

Lindanc

1.60
iND- 7.31)

0.98
0.28- 1.78

1.44
N D - 5 . 3

Aldrinc

2.4
(ND - 13.3)

—

1.71
(ND - 12.0)

1)1)1" Toial

—

244
76 - 540

113
N D - 181

PC»

—

342
ND - 705

209
ND-716

Kclc rentes

Mhoine and Mhi. 1991

MbomeandMbi, 1991

Mboinc and Mhi. 1991
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The Barents Sea, distribution and fate of radioactive contaminants

Lars Foyn
Institute of Marine Research
P. O. Box 1870, 5024 Bergen, Norway

Of the Arctic seas the Barents Sea is the most important when it comes to
biological production. The annual harvest of the fisheries has a potential
outcome of between 2 and 3,5 million tonnes. The special hydrographic regime
with inflow of warm Atlantic water and formation of dense bottom water in the
winter together with vertical mixing of nutrients and the intensive production at
the ice-edge during the ice melting give the conditions for the high production of
the Barents Sea.

Possible contamination in the marine food webs of the Barents Sea may be a
problem for a rational harvest of the area. Radioactive contamination has in this
context a special public impact as even traces of radioactivity seems to be
considered by the public to be a real danger. It is therefor of special importance,
from a regulatory and fisheries point of view, to accumulate knowledge of the
behaviour of radioactive elements in the marine ecosystems of the Barents Sea
in order to place this contamination in proper and realistic proportions.

The paper will describe the Barents Sea and its biological production. Based on
measurements of radioactive elements in biota, sediments and water the paper
will discuss transportation and distribution processes both in the sea and in
selected food webs. The present contamination will be compared with the
contamination in the period of the arctic atmospheric nuclear bomb tests in the
fifties and beginning of the sixties and the reasons for the then relatively modest
contamination in important fish species will be discussed.

The present sources for radioactive contamination of the Barents Sea will be
described as will their mutual importance. The fate of the radioactive elements
entering the Barents Sea is among others governed by the hydrography,
possible specific uptake in various forms of plankton, sedimentation and
transport out of the area. The fairly dramatic changes in both abundance and
magnitude of the major fish stocks of the area and thereby the food consumption
of the actual fish species have an important influence on the possible transport
of radioactive contaminants to man by the consumption offish. The importance
of these variations for modelling and assessing the impact on a target population
will be illustrated by examples of changes in fish stocks.
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Produced water from off-shore oil and gas production,
a new challenge in marine pollution monitoring

by
Lars Foyn
Institute of marine research
P.O.Box 1870, 5024 Bergen, Norway

Produced water is the largest volume waste stream in the exploration and
production process of oil and gas. Over the economic life of a producing field,
the volume produced water can exceed by ten times the volume of hydrocarbon
produced. During the later stages of production produced water can account for
as much as 98 % of the extracted fluids. The expected discharge of produced
water to the North Sea in 1998 amounts to 3,4 x 108 m3. Typical water
production rates from oil platforms are from 2.400 to 40.000 m3 day-1.

The produced water contains various amount of dispersed oil and dissolved
components. While the discharge of dispersed oil, in the North Sea, is regulated
to an allowable maximum concentration in the produced water of 40 mg/l, the
dissolved components are seldom accounted for and there is no regulations by
the authorities for their discharge into the sea.

Of the dissolved organic components carboxylic acids account for the major
organic load with concentrations in the discharged produced water ranging from
30 - 930 mg 1-1. Dissolved in the produced water there is also the so called
BTEX-components (Benzene, Toluene, Ethyl Benzene and Xylenes) in average
concentrations of 10 mg 1-1, phenols in concentrations between 1 - 23 mg 1-1
and polycyclic aromatic hydrocarbons (PAHs) in concentrations ranging from 40
-1.600 ug 1-1. In addition to the organic components trace elements as Pb, Cd,
Cu, Hg, Ni, Zn, As and Cr are dissolved in the produced water in considerably
greater concentrations than in sea water.

The discharge of produced water is a continuous process which means that
there will be established a certain area around the platform where there is a
more or less permanent influence of produced water. In areas with a high
development of oil and gas fields the influence area of one platform overlaps the
influence area of nearby platforms.

The paper will discuss the possible effects on the pelagic marine ecosystem of
the various dissolved components in the produced water and also how the
impact of multiple contaminations of low concentrations of organic components
may finally result in a dose that may be detrimental to marine organisms. Special
concern is given to the vulnerability of fish eggs and -larvae.

The detection of possible sublethal effects in an oceanic pelagic ecosystem is a
challenge for a future regulatory monitoring of the fate of produced water. The
paper will discuss the possibilities for a reliable monitoring as well as an
assessment of the potential impact as the oil industry is moving into colder
waters on the shelf off Northern Norway and in the Barents Sea.
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ASSESSMENT OF THE ADRIATIC SEA-WATER MEAN RESIDENCE TIME
USING FALLOUT '"Sr AS RADIOACTIVE TRACER
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Zagreb, Ksaverska cesta 2, PO Box 291, Croatia
E-mail: franic@imi.hr

In physical oceanography ^Sr can be used as radioactive tracer to study circulation of sea water.
As a part of an extended monitoring programme, ^Sr has been analysed in sea water samples and
fallout on the Adriatic since 1963. Samples of surface sea water have been collected on four
locations of the Adriatic Sea: towns of Rovinj and Rijeka in North Adriatic, town of Split in Mid-
Adriatic and town of Dubrovnik in South Adriatic. Fallout samples have been collected monthly
in the city of Zadar (Mid-Adriatic). ^Sr activity concentrations are found to be approximately
equal on all locations observed, not differing from the rest of the Mediterranean Sea [1], It was
estimated that approximately 85% of all man-made radioactive contamination in the
Mediterranean comes from fallout [2]. Consequently, in the Adriatic, ^Sr activity concentrations
are in good correlation with the fallout activity, the coefficient of correlation being 0.72 [1]. The
elongated shape (some 800 by 200 km) and almost landlocked position of the Adriatic sea play
an important role in dynamics of its water. The Adriatic sea is the major source of the densest
water in the Eastern Mediterranean, the Eastern Mediterranean Deep Water (EMDW) [3].
Meteorological conditions favourable to dense water formation occurring during Bora events (the
dominant winter wind blowing from Northeast), cause rapid mixing of surface waters with the
intermediate water layer, which can therefore be considered as a single water reservoir (83% of
the total volume). This is especially true for the North Adriatic since it is relatively shallow, the
deep not exceeding 100 m. Together with the surface waters 90Sr sinks to deeper water layers and
eventually, due to the general circulation pattern, leaves the Adriatic. Assuming that most of the
'"Sr comes into the Adriatic sea by fallout, the '"Sr circulation in the Adriatic sea can be described
by the simple mathematical model:

^ = - (* , + X)As(t) + I{t) (1)

where
is the total, time-dependant ^Sr activity (Bq) in reservoir consisting of surface and
intermediate water, obtained by multiplying the observed activity concentration data by
the volume the reservoir (29000 km3)

X is the decay constant for ^Sr (y'1),
1/kj is the mean residence time of ^Sr in a reservoir (y) and
I(t) is the total annual ^Sr input in to the Adriatic sea (Bqy"1).
In order to solve the equation (1) several assumptions were made. It was assumed that the
intermediate water entering the Adriatic from the Mediterranean (Ionian sea) does not
significantly contribute to total 90Sr inventory in the Adriatic due to a slower mixing rate of
surface and intermediate waters. Also, it was assumed that the input of ^Sr by the Po river is
proportional to the direct fallout input. Therefore, the total input of 90Sr to the Adriatic sea was
estimated by multiplying the observed fallout data by the area of the Adriatic sea (138600 km2)
and multiplied by factor 1.2 to adjust for the run-off contribution form the Po river. Finally, the
fallout data obtained from the measurements in the city of Zadar were assumed to be
representative for the whole Adriatic area. The long-term fallout data were fitted to the equation:
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(2)

where:
Io is the initial input of 90Sr in the

Adriatic sea and
kf is a constant.

By fitting the fallout experimental data
for the 1963-1996 period (Figure 1),
for kf is obtained 0.39 y'1 and for
IO=I(1963) 135TBq(812Bqm-2). After
combining equations (1) and (2) and
solving for A(t), with initial conditions
IO=I(1963) and Ai(0)=Ai(1963) the
following solution is obtained:
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Figure 1 90Sr annual surface deposit

4,(0 = k_ + X - k.
A(O)e (3)

By fitting the experimental data to a
theoretically predicted curve (3), the
unknown parameter k, was calculated to
be 0.21 y"1 (Figure 2). Although the _
model (3) is simplified representation of
the real situation, the fit is reasonably
good, the coefficient of correlation
between experimental and predicted data
being 0.92. The mean residence time of
90Sr in the reservoir consisting of surface
and intermediate sea water layers being
the reciprocal value of k, was estimated
to be approximately 4.75 years. This
value is comparable to the result of
approximately 5 years, obtained by
studying water flows of the Adriatic sea
water through the strait of Otranto.

S

1963 1969 1975 1981

• Data

Figure 2 90Sr in the surface and intermediate
water of the Adriatic Sea
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- The beginning of the Migration, Effect of Reclamation and Recent Tendency

Y. Fujikawa, H. Takigami, A. Kudo

Research Reactor Institute, Kyoto University, Kumatori-cho, Osaka, 590-0494, Japan

M. Mitui, M. Sugahara

Osaka Sangyo University, Daito, Osaka, 574-8530, Japan.

S. Miyahara, T. Muraoka

Nagasaki University, Bunkyo-cho, Nagasaki, 852-8131, Japan

We investigated migration of mercury (Hg) from Minamata Bay, the site of major methyl

mercury poisoning, to the adjacent Yatsushiro Sea (636 km2) since 1975 [1] through annual

sampling of bed sediment at 26 stations. Mercury in the sediment samples was analyzed by

atomic absorption spectrometry up to 1989 and by inductively coupled plasma-mass

spectrometry after 1990. In 1997, we obtained historical records of mercury discharge before

1975 by analysis of sediment cores at our annual sampling stations No.l and 4 (within 10 km

distance Minamata). The results obtained from station 1 are mainly discussed in this report.

Variation in Hg concentration measured in annual sampling could not be the same

with that in the core because there was some error in locating each sampling station ( ± 100 m

between 1975 and 1985, and + 1 0 m after 1986). Nevertheless, the depth vs. Hg

concentration profile in the sediment core from station 1 was similar to the profile of year vs.

Hg concentration observed at the same station (Fig. 1): both exhibited relatively constant

concentrations in the shallow (recent) layers with a sharp increase in the Hg concentration in

deeper (older) layers (Fig. 1). We therefore fitted the two profiles to estimate the age of

each sediment layer. The 0-4 g/cm2 layer of the core at st. 1 was fitted to 1989-1997. The

concentration peak in 6 g/cm2 layer in the core was fitted to a peak around 1986-1989 in the

annual sampling profile. A concentration peak in a 10 g/cm2 layer of the core probably falls

within in the 1978-1985 period during which sampling was not conducted at this station. Age

dating of each sediment layer by radioactive Pb-210 may give more precise data in future

investigations.

The core probably contained a chronological record before Hg deposition started at that

site because Hg concentrations at the bottom of the core, 0.1 ppm, was within background

Hg concentration variation in sediments from Japanese coastal area (0.1 - 0.3 ppm). Mercury

deposition at station 1 started to increase in the late 1960s and the deposition reached the

maximum in the 1980s (Fig.l). Discharge of Hg with wastewater into Minamata Bay started in

1932 and stopped in 1968. The observed maximun in the 1980s was probably related to

dredging of the polluted sediment in Minamata Bay conducted from 1984 to 1987.

At stations 1 and 4, Hg concentrations in the shallow layer of cores were the same as

those observed in our annual sampling in the 1990s (Figs.l and 2). However, the concentrations

in the deep (5 to 15 g/cm2) layers of core were respectively 50 % and 10 % of those observed in

the 1980s at stations 1 and 4 (Figs. 1 and 2). The cause of such differences is not known.

Mercury concentrations in the Yatsushiro Sea sediment remained relatively constant the

495



recent five years in contrast to significant concentration variation in the 1980s (Fig. 3). The

observed steady state was probably caused by continuing Hg migration from Minamata though

this is much decreased compared to that in the 1980s, otherwise Hg concentration would have

been decreased with accumulation of fresh sediment on the surface. Desorption and upward

translocation of Hg from the deep sediment layers to the sediment surface may also explain

this phenomenon.

Hg (ppm)
2 4 6 8 10 0

Hg (ppnj
12

direction to
the bottom

Fig. 1 Hg concentrations at station 1 Fig. 2 Hg concentrations at station 4

We also analyzed lead in sediment specimens from our sampling stations and found

that the lead concentration decreased with distance from Minamata (Fig.4). Lead probably

was contained in sediment from Minamata Bay along with other metals such as Hg, selenium,
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Fig.3 Variation of Hg concentration in sediment
with time at various distance from Minamata.
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Distance from Minamata (km)

Fig. 4 Lead concentration
(average of 1994-96) in sediment

vs. distance from Minamata

copper and arsenic which allegedly had been discharged into the bay in the past.

Our study showed that migration of Hg from Minamata Bay to the adjacent sea was

relatively slow. For example, deposition of Hg at station 1, which is located only 3.9km from

the wastewater outlet, started in the late 1960s, which is approximately 30 years after first

discharge of Hg into the bay (1932). Such slow migration may have contributed to the

localization of Hg pollution in the Minamata Bay and subsequent accumulation of Hg in the

biota there.
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GLOBAL MARINE RADIOACTIVITY DATABASE (GLOMARD) ~~

J.GAYOL, P.P. POVINEC, O. TOGAWA
International Atomic Energy Agency, Marine Environment Laboratory, Monaco

In response to the request of Member States and under the IAEA's mandate, the IAEA
Marine Environment Laboratory (MEL) in Monaco has established and maintains a Global Marine
Radioactivity Database (GLOMARD).

It is a vast project compiling radionuclide measurements taken in the marine environment. It
consists of systematic input of all radionuclide concentration data available for sea water, sediment,
biota and suspended matter.

The GLOMARD is therefore a powerful tool for the researchers of MEL as it integrates the
results of analyses in most of the areas of the marine environment which have been investigated.

The database serves the following important functions :
• Provides a snap-shot of activities at any time, which may used as a baseline for any

impact assessment studies,
• Provides immediate and up-to-date information on the levels of radioactivity in the

world's seas in different environmental matrices,
• Permits investigation of temporal trends in environmental levels of radionuclides and

identifies gaps in available information.

In practice, these data are analysed and used for the production of graphs representing
mainly the vertical concentration of radionuclides in sediment or the geographic location of zones
where radioactive pollution is present.

The latest developments in the GLOMARD concern the representation of geographical
location of marine radioactive pollution, which is not an easy task. The measurements used are the
results of analyses of marine samples collected during scientific cruises to different parts of a the
world's seas and oceans. Therefore, in order to represent a global picture of the world's seas, a
specific software interpolates isolines representing the radionuclide concentration over seas.

The software "Surfer" is used to this effect. However, MEL has recently acquired a
Geographical Information System (GIS). This software, when interfaced with the GLOMARD
reformed under Oracle 7, allows a greater precision in the interpolation procedures and 3D images.

The aim of the project using the GIS is to allow Member States to consult the GLOMARD
via the Internet and also to create maps from the data contained in GLOMARD though the MEL
website.

As part of GLOMARD, IAEA-MEL has developed a database for main anthropogenic
radionuclides in marine samples collected in the NW Pacific Ocean and its marginal seas around
Japan. This database is based on marine radioactivity data which were compiled by Japan Chemical
Analysis Center (JCAC). The data offered from JCAC were converted and missing information
was added at IAEA-MEL. Additional important data were also input into the database through a
literature survey. The total number of data is now about 20,000 for all samples.
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The distributions of radionuclides in surface sea water and surface layer sediment were
investigated using data sets installed in the database. Evaluation of data was also carried out for the
vertical profiles of radionuclide concentrations, radionuclide inventories and their isotopic activity
ratios in both sea water columns and sediment cores.

Generally the concentrations of 90Sr, l37Cs (Fig.l) and 239'240Pu in marine samples collected
around Japan show a tendency to decrease year by year. The influence of the Chernobyl accident in
1986 can be observed only for !37Cs in surface sea water and macro-algae. Data evaluation for the
radionuclide distributions around Japan have revealed the ranges of the concentrations and the
average values in surface sea water and surface layer sediment. The vertical profiles of 90Sr and
l37Cs in sea water columns show a gradual decrease in concentration with increasing depth,
contrasting with those of 239>240Pu which show a subsurface maximum at depth of around 700 m. On
the other hand, the concentrations of all the radionuclides in sediment cores generally tend to
decrease with increasing depth. The inventories of 90Sr, 137Cs and 239-240Pu in sea water and sediment
were estimated for several periods since the beginning of the 1980's up to date. The isotopic
activity ratios of the radionuclide inventories in sediment cores are quite different from those in the
sea water columns, reflecting the difference in removal of the radionuclides from sea water to the
bottom sediment.

Finally these data were compared with data sets obtained from the first Japanese-Korean-
Russian joint expedition conducted in 1994. No significant differences can be seen between the two
sets of data. The data collected and evaluated here will be input into GLOMARD to be evaluated
with the GIS software.

Fiq. 1 : The distribution of the Cs-137 concentrations
in surface seawater collected around Japan (1986-1998)
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La bio-évaluation basée sur la notion de bio-indicateurs est révélatrice dans une large mesure
des conditions de perturbation des fonds meubles des ports algériens. A cet effet l'évaluation
du degré de déstructuration des peuplements macrozoobenthiques est réalisée dans sept des
principaux ports (ancien et nouveau ports de Skikda, d'Arzew, de Bethioua, d'Oran, de Bejaia
et port d'Annaba). Cette analyse qui s'inspire largement des assemblages définis par
Glemarec et Hily (1981) a permis d'identifier des zones d'inégales perturbations dans ces
milieux; zone de pollution extrême ou azoïque, zone très polluée, zone de transition 1, zone
polluée, zone de déséquilibre ou de transition 2, zone subnormale ou de transition 3 et zone
normale, les zones de transition 1, 2 et 3 étant des écotones. Dans les milieux portuaires
algériens les peuplements s'organisent selon deux grands schémas de distribution. Le premier
est plus fréquent et s'apparente à une mosaïque où il est difficile de reconnaître un gradient
spécifique de pollution. Ce schéma présente deux variantes principales; l'une à gradient de
pollution décroissant et franchement dichotomique, il est mis en évidence pour la première
fois dans l'ancien port de Skikda par Grimes et Bakalem (1993). La seconde variante est
plutôt une mosaïque type ou le chevauchement de plusieurs gradients de pollution abouti à
une distribution en «patch» signalée au port d'Oran (Grimes et Boudjakdji, 1996), au port
pétrolier de Skikda (Grimes et Arkam, 1998) et au port d'Annaba en été 1996 (Grimes et al,
comm. pers.). Cette distribution des peuplements rappelle celle décrite par Lizarraga-Partida
(1974). Le deuxième schéma de distribution des peuplements est plutôt en linéaire et présente
des similitudes avec le modèle en auréoles décrit par Bellan (1967) dans le secteur de Cortiou.
En Algérie ce schéma linéaire est mis en évidence par Bakalem et Grimes (1998) au port
d'annaba pendant l'hiver 1990. Le cas du port d'Annaba est riche en enseignements. En effet
les peuplements sont passés d'une organisation en linéaire (hiver 1990) à une organisation en
mosaïque type (été 1996). Cette réorganisation est certainement associée à l'opération de
dragage qui a permis la réinstallation de Capitella capitata type I et type II et Scololepis
fuliginosa, espèces opportunistes par excellence, dans la partie la plus confinée du port
reconnue azoïque en 1990. L'épuration relative des sédiments superficiels expliquerait cette
situation. Pour des raisons encore inexpliquées la zone de pollution extrême (azoïque) s'est
paradoxalement déplacée vers le secteur avant port après ce dragage. D'autant plus que cette
partie du port est supposée être moins perturbée et à l'abri d'une part du panache des rejets et
d'autre part au contact presque immédiat avec les eaux de la zone de transition vers le golfe
d'Annaba.

Les deux schémas d'organisation des peuplements identifiés dans les ports algériens
prospectés sont intimement liés à la localisation des rejets aboutissant dans les ports
prospectés mais aussi à la charge et à la nature des eaux et autres débris solides rejetés.
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L'investigation des fonds meubles des principaux ports algériens depuis 1991 (ancien et
nouveau ports de Skikda, port d'Arzew, de Bethioua, d'Oran, de Bejaïa et d'Annaba) sur un
cycle pluriannuel permet de distinguer à l'échelle du suivi spatio-temporel les fluctuations
numériques des populations d'invertébrés benthiques.
Les variations des caractéristiques structurales et hiérarchiques observées aux sein des
peuplements macrozoobenthiques prospectés ont montré le rôle clé de certaines espèces.
Parmi ces espèces, il est noté une indiscutable prépondérance des espèces opportunistes
d'ordre 1 telles que Capitella capitata type I et type II, Scololepis fuliginosa et des espèces
dites opportunistes d'ordre 2 principalement de la famille des Cirratulidae Chaetozone setosa,
Audouinia tentaculata et Tharyx marioni. Un rôle non moins important est à mettre à l'actif
du bivalve indicateur de la richesse du milieu en matière organique Corbula gibba, qui avec
une fréquence moyenne de près de 90 % est considérée comme espèce caractéristique des
milieux perturbés algériens (Grimes et Boudjakdji, 1996). Les fluctuations numériques de ces
espèces semblent conditionner de manière conséquente l'alternance peuplements
déséquilibrés- relativement déséquilibrés.

A cours terme (1994—1995 et 1995-1996) la distribution numérique de ces espèces reste très
stable aux ports (d'Arzew, de Bethioua et d'Oran) et relativement stable à moyen terme
(1991-1996). Ces légères fluctuations se font sans affecter considérablement la structure
globale des peuplements prospectés. Cet état de fait est étroitement lié à la persistance dans
des propositions similaires des sources et des charges d'altération du milieu, notamment les
rejets domestiques et industriels qui aboutissent généralement sans traitement préalable en
mer et particulièrement dans les ports qui constituent des réceptacles «naturels» par excellence
à tous ces rejets. Les indicateurs de pollution, les indicateurs d'instabilité et les indicateurs de
matière organique sont incontestablement les stocks écologiques dominants de ces milieux.
Ces stocks atteignent des dominances très révélatrices de l'état de déstructuration avancé des
peuplements. Le cas extrême est enregistré dans la partie la plus confinée du port d'Annaba
(petite darse) pendant l'été 1996 où les indicatrices de pollution d'ordre 1 sont les
représentants exclusifs de la macrofaune benthique déjà oligospécifique (2 à 7 espèces)
caractérisés par une abondance des densités très élevées de Capitella capitata et Scololepis
fuliginosa.
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BIOACCUMULATION OF 134Cs AND 24lAm BY A LIMPET Patella coerulea
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At present the question of radioactive pollution along the Black Sea coast of Turkey
is considered very important. Radioactivity concentrations in this sea have increased from

the Chernobyl accident and other uncontrolled releases [1, 2]. Moreover, the Danube
River and other flow carrying contaminated waters from countries with large nuclear
facilities.

The l37Cs and 241Am radionuclides have been major contributors to contamination of
the Black Sea marine environment after the Chernobyl Accident and other sources. In
literature, lots of paper have been published on the biokinetics of 137Cs and 24lAm in marine
organisms under different environmental and biological parameters. In addition, many
biokinetic experiments have been designed choosing of useful biologic indicator organisms
for monitoring study.

The limpet Patella coerulea lives in the ecosystem in rocky shores along the coast of
Turkish Black Sea. Previous studies indicated that Patella has tended to contain higher
concentrations (about 20-100 times) of radionuclides than has mussel (Mytilus) [3, 4]. In
the present work, we have therefore conducted a laboratory experiments to examine the
bioaccumulation of 134Cs and 241Am by using of multi-element exposures technique in P.
coerulea.

The limpets were collected in June 1995 from the S, ile site in the eastern part of
Istanbul of the Black Sea coast. Prior to experimentation, the similar sized animals cleaned
off epifauna and held in their original water (salinity 19%, 13±2 °C, 10 h light : 14 h dark
cycle) in laboratory for adaptation. During the accumulation period they were fed ad
libitum with marine algae. The radiotracers 134Cs (T1/2= 2.006 yr) and 241Am (Tia= 423.7
yr) were purchased from Amersham, UK. The 134Cs and 241Am was measured using a
multi-channel analyzer coupled to 7.6x7.6 cm well-type Nal(Tl) crystal. An internal mixed
reference standard of the radionuclides was used to correct for the different counting
geometries and physical decay of l34Cs during the experiment. The limpets were placed for
52 d in a plastic aquarium containing 6000 ml Black Sea water spiked with l34Cs, 1 kBq I"1,
2 4 1AmlkBqr ' .

Data of the bioaccumulation experiment gave good fit to the equation,

O = C»(l - e-*)

where Ct is the concentration factor at time t, Cu is the concentration factor at steady state
and AT is the biological elimination rate constant (d'1).

At the end of the bioaccumulation experiment limpets were dissected into shells and
soft parts to determine distribution of incorporated cesium and americium in these tissues.

The data obtained from bioaccumulation of 134Cs and 241Am by P. coerulea at
13±2°C in Black Sea water are shown in Fig. 1. It has been found that the data can be
expressed by following equations,

C/ = 2.0(1 - e - ° 0 5 0 9 ' ) a n d Ct = 260(1 - e " 0 6 2 6 3 ' ) , for the l34Cs and 241Am,

respectively. The estimated whole-body concentration factors (Ca) indicated that the
radionuclides tested were concentrated differently by P. coerulea. Following the
bioaccumulation experiment, it has been observed that the distributions of 134Cs and 24lAm
between shell and soft tissue were not close to each other. The percentage activities were
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found to be 96.11 and 27.86 in the soft part for cesium and americium, respectively.
Remaining 3.89% and 72.14% were observed in the shell part.
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FIG.l. Bioaccumulation oflMCs(D) and241 Am (•) by limpet in Black Sea water at 13°C.
Mean weight of 10 individuals is 14.512.8 g.

In a previous study, the concentration factors of l34Cs and J41Am by using of a multi-
element exposure in echinoid species were found to be 2.7 and 64 respectively [5]. The
134Cs result is in a good agreement with the estimate of 2.0 in the limpet species in present
study. On the other hand, the concentration factor of 24lAm in limpet was significantly
higher than the echinoid species. In the same study, it is also indicated that the 241Am fixed to
body wall as 95%. In contrast, the cephalopods (without body wall) effectively accumulate
241 Am from the sea water and concentration factor was found to be 7100 branchial heart
among the internal tissues [6]. Moreover, it was indicated that the whole body uptake
were likely depend upon different surface/volume ratios rather than different americium
accumulation mechanisms [7]. The limpets have only one shell and percentage activity of
24'Am in shell tissue was found approximately three times higher than soft part.

The present work strongly suggests that the use of limpet in radioactivity
monitoring, especially transuranic contamination would be a valuable tool.
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UPTAKE AND RELEASE OF "Zn AND 1MSb ON BJOMPHALARFA
ALEXANDRIA AND CLEOPATRA BULIMO1DES SNAILS.

HANAN.M.MOLOUKWA, A.AUAN
Hot Laboratories and Waste Management Centre, Atomic Energy Authority,

Cairo, Egypt

A radioactive tracer study was performed on ihc uptake of MZn and " 'Sbby
Biomphalaria Alexandrina and Cleopatra Bulimoides Snails for iheir use in the
biological treatment of low-level radioactive waste and / or as radiobioiodicators. The
survival of B.AIexandrina in water containing tlie two isotopes in comparison to
control snails in normal water and in 10% sea wnter was investigated. B. Alexandria,
averaging 1 cm in diameter and C. Bulimoidcs averaging 1.5 cm in length, were kept in
the laboratory for 2 weeks at the experimental temperature of 24-28'C. The pH was
adjusted to 710.2 and air was continuously pumped io the aquaria. Water was
changed twice weekly. Snails were provided with fresh or dried lettuce leaves. To
study the survival of snails in *5Zn or l2'Sb, I litre of *V,n or IU Sb of activity level 1.3
und 5 kbq/ml were prepared. Thirty snails were immersed in each aquarium and dead
snails were removed find survival percent was detected.

To study accumulation of radionuclides, one liter of water spiked with 6SZn and
another spiked with ntSb of activity level of 3 kbq/ml were prepared. Another
solution of concentration of 10"4 M ZnClj and spiked with 6)Zn of the same activity
was prepared to investigate Lhc effect of adding carrier on the uptake of *JZn. Forty
snails of B Alcxandnna or C. Oulimoides were trnnsfercd 10 each aquarium. Three
snails from each aquarium were taken out twice weekly, washed, dried with filter
paper, weighed and radiocountcd. The suf\ parts of each snail were dislodged from the
shell and weighed, then both of the shell and soU parts were separately radlocounted.
The treated group that accumulated "Zn and "Zn in presence of 10"4 ZnCl2 as also
snails accumulating IJ4Sb were Immersed separately In water. Three snails from each
medium were dried, weighed and radiocouted (twice per week). The biological half-
lives were calculated. The concentration factor was calculated as: (CF » counts / min
/ g wet weight animal divided by counts / min / g radioactive solution ). The biological
half-life (Tb) was evaluated from: Tb = In2 / lb " 0.693 / lb; where, 1b is constant of
biological elimination and can be directly determined from the slope in the graph of the
rate of release. The hermaphrodite gland off). Alexandria immersed for 10 days m 3
kbq / ml "Zn was dissected out of the solt pans of the treated snails and prepared for
ultrastructural examination by transmission electron microscope

It WHS found that about 90% of control snails in water were still alive after 4 weeks
from the begin of the experiment corresponding to 100% of snails alive in 10% sea
water which mikes them more vital and healthy. It was found that in 20% or higher
concentrations of sea water, the mortality percent increased. These findings are
important for snail species living in canals near the Mediterranean sea and lakes in
which the fresh water is partly mixed with sea water. The survival percent of snails
immersed in flSZn after 4 weeks was found to be 60 % The corresponding value for
l2'Sb was 40% after the same period. The accumulation of zinc represented as %
uptake increased with high rate during the first three days; 17.51% and 10.79 of the
initial activity of "Zn for each jnail taken by B, Alexandria and C. Bulimoides.
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respectively. Then the % uptake of "Zn took place at a lower rate to reach 31.0% and
25.52% after 20 days, for the two species, respectively. The CF values increased from
8.28 after I day in B. Alexandria to reach 25.82 after 20 days (Fig. 1) The
corresponding values for C. Bulimoides increased from 3.87 after one day to reach
21.27 after 20 days. The uptake of 85Zn decreased by increasing zinc concentration to
10"1 M. The CF values increased to reach 19 50 and 15.23 after 20 days forB.
Alexandria and CBulimoides, respectively (Fig 2). The CF values for l5*Sb were
found to be 9.62 and 7 03 for the two snails, respectively. The release of "Zn from
both snails followed a biphasic curve with a li>st component during the first 3 days,
while that of l74Sb followed a monophasic curve

After 10 days various degrees of damage were observed; spermatoyenctic stages
were more sensitive to gamma radiation of both isotopes. In conclusion both snails can
be used as radioindicators lo delect any radioactive disposal into the water environment
(1,2)

Tint (4»rc>

Fig (1): Uptnkc of "Zii by B. olexandrino, whole
snail, soft pans aud shell presented as
concentration factor, 13 a function of
time.

l'ig.(2) Uptake of ^7.n in presence uf 10 'M 7.iiCI.-
by Cltapoira bnlmioiden, whole snail, soft
parts nud shell pi esenied »s cmicenusiiioa
factor, as a funclioD of lime

References:
1- Moloukiiia, H.M(1997). Studies on the kinetics and effect of some fission products
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Cairo, Egypt)
2- Prochazka, H; Luks. D. and Korar. (1990), Snails as a biological indicator for
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ALIPHATIC HYDROCARBONS AND 1 JOPANES AS BI.OMARKRRS OF THE PAST 120 YKARS
SED1MBNT INPUTS IN A CORAL RBKF LAGOON (TAHITI, FRENCH POLYNESIA)

P,A. Harris
Centre ORSTOM dc Tahiti, BP 529 Papeete, Tahiti, French Polynesia.

Pichez R., Fernandez J.-M.
Centre ORSTOM tie Noumea, BP A5 Noumea Cedex New-Caledonia.

Saliot A.
Laboratoire dc Physiques et Cbimie Marines, Universitc* Pierre ct Marie Curie, URA CNRS 2076,
Tour 24, 4 place Jussieu, 75252 Paris Cedex 05, France.

The study of sedimentary non-aromatic hydrocarbons (NAH) has been frequently used to
determine of natural organic matter inputs, since a large fraction of these compounds derives from
terrestrial and marine biological sources [J]. In addition, bopunes have been largely associated with
petrochemical contamination [2].

Sediment cores were sampled in four sites in the coral reef lagoon surrounding the city of
Papeete, Tahiti . French Polynesia. Sediment cores were dated by mean of 2l0Pb activity counting in
order lo reconstruct past trends in environmental changes. This paper focuses on the historical
evolution of NAH and hopanes in a sediment core sampled in the harbour which yielded results over a
period covering J20 years, Geochronoly results evidenced a large inoease in sedimentation rates from
033 g.cm"V to 133 g . c n i V «ncc 1967 ±4 y 13,4].

Total n-alkanes with carbon chain lenghts from CH to C35 increased from 0,4 ng.g'1 in the
boUom of the core (dated 1880) to 1,7 u.gg' in the lop of the core (fig. J), When considering carbon
chain number il is possible to distinguish between marine and terrestrial inputs. Marine contribution
(£C]6-CM) stayed approximately constant over the whole 120 y considered period, concentrations
ranging from 0.02 to 0.09 ng.g . Contribution from terrestrial higher plant n-alkanes was assessed by
the sum of long and odd numbered carbon chains (Zodd C27-C(;<). Concentrations increased from 0.1
(jg.g"' in the bottom of Uie core- lo 0.65 Ug.g"1 in recent sediment layers.

01,

3
o
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f̂- Hopanes
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Age of sediments

Fig. 1 : n-alkhnc et hopane concentrations relative to sediment age in Papeete Harbour,

Hopane compounds ranged from Cn to C,,s and only 17a(H), 2ip(H) configuration was found
in our samples. The presence of 22S and 22R epimers w»s detected in (he C31-C35 J7a(H), 21p(H)
extended hopanes. Homohopancs index, determined by the ratio between the two epimers (22S/ (22S
+ 22R), ranged from 0.50 to 0.65. These values were close to the equilibrium value at maturity (0.6,
1.5]). Totul hopanes concentrations increased from 0J5 to 1.8 fJg.g0 from the beginning to the end of
the century (fig 1).
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Concentrations in terrestrial n-alkanes and hopancs showed a very high correlation (fig. 2)
suggesting that hopanc compounds derived from terrestrial (natural) inputs. This point was confirmed
by the good correlation with iron or manganese derived from terrestrial inputs [6]. Enrichment factors
for both classes of compounds from 1880 to present days were very similar in the sediment core
(between 20-25).

The flux of terrestrial n-alkanes in recent sediment layers (deposited during the past decades)
was 0.85 (jg.on^.y1, while the flux of hopanes was about 3 times greater during the same time (2,45
ug.crn'2.y"'). These results are consistent with previous data showing an increased in terrestrial inputs
since. J967 f7].
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Fig. 2 ; relationship between 11-C27-C33 alkane and hopane concentrations from the sediment core in
Papeete harbour.
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Organotins and osmoregulation: Quantifying the effects on the European flounder Platichthys flesus.

Haiti, M. G. J., Hutchinson, S., Hawkins, L. E.

Department of Oceanography, University of Southampton, Southampton Oceanography Centre, European Way,
Southampton, SO14 3ZH, UK

Despite regulatory action taken in Britain and other European countries (Abel, 1996) controlling the use of
organotins in antifouling paints and subsequent improvement of water quality, the concentrations in estuarine
sediments of southern England remain high (Langston et al, 1994), acting as a reservoir for organotins (Waldock
et al., 1990; Watanabe et al, 1995). In this poster we present what we believe to be the first attempt to quantify
the effects of organotins (TBT) on the osmoregulation of the European flounder Platichthys flesus, exposed to
environmental levels of TBT under semi-natural conditions. P. flesus has been widely used as model organism for
the study of osmoregulatory processes (Hutchinson, 1984) and due to its benthic life style and strong association
with contaminated sediments suffers a high risk of exposure.

General experimental setup
The fish were kept on sediment containing 150 ng TBT.g"1 dry weight, in 25 1 polyethylene buckets, covered with
aerated seawater (36-39%o) at a constant temperature of 13 C ( + / - 1 C) and maintained in a 12 hour light/dark
regime. Water samples were taken on day 3 after "spiking" and the removed water replaced from a storage tank
kept at 13 C. Sediment samples were taken on day 0 and day 4 after spiking. Water and Sediment samples were
subsequently taken every other week. Results of a preliminary experiment showed that during the 6 week
experimental period, degradation of TBT was minimal. Fish were fed once a day with frozen tubificid worms and
sampled once a week for Sodium flux measurements.

Sediment preparation
After collection, sediments were washed through a sieve (mesh size 4 mm) into a 25 1 polyethylene bucket. The
sediments were left to settle overnight after which the overlying water was drained. In a preliminary experiment
sterilization in an autoclave (Stang et al, 1992) revealed no significant reduction of organotin degradation. We
measured TBT concentrations in Upper Itchen Estuary (Southampton) sediments ranging from 70 to 170 ng.g1 dry
weight.Therefore, TBTC1 in glacial acetic acid was adsorbed onto a dried sediment aliquot and then mixed into the
sediment slurry in the bucket in order to mimic a the environemtal concentrations (150 ng.g"1 dry weight). A
sediment sample was taken for subsequent TBT analysis (to).

Sediment analysis
Sediments were analyzed at the Centre for Environemt Fisheries and Aquacultural Science (CEFAS), Burnham on
Crouch, by Gas Chromatography with Flame Photometric Detection (GC-FDP), following the procedure by
(Waldock et al., 1989). In brief, a sediment sample is extracted into methanol to remove the organotin
compounds. These are then back-extracted into hexane and derivatized with sodium borohydride, before analysis
by GC-FPD. The internal standard was tripropyltin chloride.

Measurement of Sodium-flux using
Fish were blotted dry, weighed and loaded (activity of medium 653.2 - 15.9 kBq) for approx. 30 minutes. The
animals were then removed from the medium, rinsed and counted in a PANAX well y-scintillation counter.
Preliminary Sodium-flux experiments showed a significant increase in Sodium uptake by seawater adapted O-
group flounders rapidly transferred to a freshwater loading medium. However, the increase in Sodium uptake
observed in the TBT exposetl group did not differ significantly from a control group.

Measurements of water permeability and drinking rates using 3H2O and 5lCr-EDTA, respectively, are currently
underway. This synopsis represents a preliminary overview of a project in progress. We will present our results as
a poster at the International Symposium on Marine Pollution.
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Biogeochemical studies of selenium in the Indian Ocean
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3College of Analytical Chemistry, Japan
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The behaviors of several trace elements in the ocean are generally
complication. Most of these elements' behaviors are attributalbe to the
physical and chemical processes and/or biological processes. The biological
processes in the ocean are the most important theme in studying of trace
essential elements in the ocean that are necessary to be active comfortably
for the lifebloods on the earth.

Selenium that is a one of these trace essential elements exists mainly in
the chemical form of Se(IV), Se(VI) and organic selenium in ocean. Until
now, some investigators reported that Se(IV) shows nutrient-type especially
like silica's behavior, Se(VI) shows an approximately constant value. On the
other hand, organic selenium's behavior and distribution were controlled by
biological activities in euphotic layer. However, these reports were not
included the whole world's oceans. It is necessary to research several oceans
for the explication of fate on selenium. We investigated at the most
interesting area - the Eastern Indian Ocean where should play a key role in
global ocean's cycle - for acquiring the new knowledge of selenium species.

High-Performance Liquid Chromatography with fluorescence detection
was used for determination of selenium in the samples. Se(IV) was
fluorometrically determined after extracting the complex of
2,3-diaminonaphthalene (DAN) into cyclohexane. Se(VI) was first reduced to
the quadrivalent state by adding KBr in 1.2 M hydrochloric acid solution,
then the total inorganic selenium was determined by the same technique.
The amount of Se(VI) was estimated by subtracting the amount of Se(IV)
from the sum of Se(IV) and Se(VI). Organic selenium was determined as
follows: the amount of total selenium was decomposed to inorganic ones with
nitric acid and perchloric acid, and reduced to the quadrivalent state and was
determinated by the same technique. The amount of organic selenium was
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Fig.l Sampling location

estimated by subtracting the amount of total inorganic selenium from the

total amount of selenium.
The seawater samples were collected from

aboard the R/V "Hakuhou-Maru" (University of
Tokyo) KH96-5 cruise at the stations PA2 (12*5
O'S, 117°E), PA4 (40°'S, 110s E), PA5 (30°'S,
110'E), PA7 (10"S, 102'E), PA9 (8"N, 89°E)
and PA10 (9*52^, 94°03'E). Our samples were
collected with CTD-Carousel Multi Sampling
(with 36 12-liters bottles) system.

The samples for determination of selenium species were filtered through
0.45ju.m Membrane filters with vacuum filtration system immediately after
the collection, follow by storage in a freezer (-20° C).

The seawater sampling locations are shown Fig. 1. Figure 2 shows the
vertical profiles of Se(IV), Se(VI) and organic selenium. Se(IV) shows
nutrient-type profiles of each station, and appears to have good relationships
with nutrients. Interestingly, correlation coefficient value (r) of Se(IV) and
silicate is highest of the others. This may indicate that Se(IV) and silicate
have same regenerating process in the ocean. The concentrations of Se(VI)
are approximately constant from surface to bottom (PA2,4,5,7 and 9), while
the profile of PA10 shows peculiar trend that the concentration is gradually
increase: the averages of 0~300m and 300m~bottom are 0.168 ± 0.010 nM
and 0.786 ± 0.035 nM. The factors that are significant influence on this
profile may give the following: the oxidation reaction from Se(IV) to Se(VI)
and the elution of Se(VI) from bottom sediments or particulate matter from
around continent. The profiles of organic selenium show two different trends.
The one side, the concentrations increase slowly from surface to bottom
(PA2, 7, 9 and 10). The other side, the concentrations are nearly constant of
its water column (PA4 and 5). Furthermore, it appears that the correlation
between the former and dissolved organic carbon is better than the latter.
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POLYCYCLIC AROMATIC HYDROCARBONS (PAH) IN SEAWATER FROM
THE NORTHERN AEGEAN SEA, GREECE

J. HATZIANESTIS, E. SKLIVAGOU, V. ZERVAKIS, D. GEORGOPOULOS
National Centre for Marine Research, Ag. Kosmas, 166 04 Hellinikon, Greece

In this work the distribution of polycyclic aromatic hydrocarbons (PAH) in
both the dissolved and particulate phases is studied in seawater from the Northern
Aegean Sea (NE Mediterranean). Surface water samples (10 1 volume) were collected
from 15 stations during May 1997. The samples were filtered immediately through
glass fibre filters (0.7 um) in order to separate dissolved and particulate phases and
were then extracted with hexane. The extracts were dried with sodium sulphate,
concentrated to a final volume of 100 |LL1 and stored frozen until analysis. Particulate
matter was Soxhlet extracted for 24 h with a dichloromethane-methanol mixture (2:1).
The extracts were saponified with methanolic KOH and the hydrocarbons were
extracted with hexane. The hexane extracts were then cleaned up on a silica gel
column and concentrated to a final volume of 100 ul. The PAH determination was
performed by gas chromatography - mass spectrometry analysis (Hewlett Packard
6890 GC/MS, operating in full scan mode). The compounds identified and quantified
were naphthalene and its methyl-, dimethyl- and trimethyl- derivatives, acenaphthene,
acenaphthylene, fluorene, phenanthrene and its methyl- and dimethyl- derivatives,
anthracene, fluoranthene, pyrene, dibenzothiophene, benzo(a)anthracene, chrysene,
benzo(b)fluoranthene, benzo(k)fluoranthene, benzo(e)pyrene, benzo(a)pyrene,
dibenzo(a,h)anthracene, perylene, indeno[l,2,3-cd]pyrene and benzo[ghi]perylene.

r40

Dissolved
ng/1)

L 0

"40

I Particulate
ng/1)

FIG. 1. Total PAH concentrations (ng/1) in surface waters from Northern
Aegean Sea. Isopycnals (every 0.5, ranging from 26 to 29) at 20 dbar are
also shown.
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The observed PAH concentrations are displayed on a map of the region in
figure 1. Total PAH concentrations (the sum of the concentrations of all the
compounds determined) ranged from 9.7 to 36.2 ng/1 (mean value 24.5 ng/1) in the
dissolved phase and from 3.9 to 11.7 ng/1 (mean value 6.3 ng/1) in the particulate
phase. Data on the occurrence of PAH in seawater are scarce in the literature and there
is only one reference reporting PAH values hi seawater from the Eastern
Mediterranean [1]. The concentrations found in this work appear to be lower than
those reported hi estuarine waters (Rhone delta) from the Western Mediterranean [2]
but they are generally comparable with values from the North sea [3] and much higher
than concentrations measured in the Cretan sea (Southern Aegean) [1]. They are
considered as elevated taking in mind that most samples were collected from offshore
sites.

As can be seen from figure 1 the highest values of PAH were encountered at
the relatively coastal stations 2 and 9, in Strymonikos gulf (S2, S9) and at stations
Ml, M5 and 50 (north and east of the island of Lemnos). hi order to relate the elevated
values in the latter stations with the water circulation in the region, we have included
the distribution of the water density at 20 meters (oe) in figure 1, as particle motion
can be considered to be approximate parallel to isopycnals. The majority of low
density Black-Sea water exiting the Dardanelles follows an anticyclonic route through
the Lemnos-Samothraki straits and around the Samothraki (and potentially Imvros)
island. The anticyclone enhances the residence time of the Black Sea water hi the
North Aegean, delaying its mixing with saltier Aegean water from the south.

It is noteworthy that PAH hi dissolved phase were considerably more abundant
than the corresponding particulate levels (dissolved PAH represented 66-88% of the
total amount of PAH). This fact implies that the dissolved phase (defined by filtration
on a 0.7 urn filter) play a significant role hi the transport and flux of PAH as well as in
their bioavailability and ultimate fate.

Regarding the compositional patterns of PAH, the dicyclic naphthalenes and
the tricyclic phenanthrenes predominated hi both the dissolved and particulate phases
with concentrations accounting for the 70-91% of the total PAH, while PAH with 5
and 6 aromatic rings presented very low concentrations and hi many samples were not
detectable. This feature suggests a major petroleum origin for the PAH determined hi
this study. On the contrary PAH originated from pyrolytic/combustion processes and
transferred into the marine environment by coastal runoff and by direct or wet
deposition from the atmosphere present a predominance of five-membered ring
compounds, which is not observed in our samples.
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DETERMINATION OF PLUTONIUM ACTIVITY LEVELS AND
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The past, present and potential sources of anthropogenic radionuclides to the Kara Sea and
Arctic areas are numerous, including: global fallout from atmospheric weapons testing; local
fallout from above ground, underground and underwater testing of nuclear weapons at Novaya
Zemlya; waste discharges from reprocessing plants in Europe (Cap La Hague, Sellafield);
transport of radionuclidcs with the rivers Ob and Yenisey from installations in the Former
Soviet Union (Mayak, Tomsk); fallout from the Chernobyl accident; and marine dumping of
radioactive waste and nuclear reactors. However, in general, present day levels of actinides in
the marine environment are low. Hence, the study of plutonium and other transuranics in the
Kara Sea requires ultra-sensitive analytical methods. Accelerator mass spectrometry (AMS),
which operates with detection levels of 104 - 106 atoms, can measure Pu concentrations at
levels of three orders of magnitude below those attainable with conventional methods. AMS
has the added advantage of being able to determine the Pu-240/Pu-239 isotope ratio, which acts
as a fingerprint for distinguishing between various environmental sources of Pu. This paper
presents the results of AMS measurement of Pu concentration levels and Pu isotopic ratios in
various sediments collected from the Kara Sea, Ob Estuary, and Novaya Zemlya, including
«contaminated» samples collected from close to radioactive waste dumping sites in the
Abrosimov and Stepovogo Fjords and outside underwater testing sites at Novaya Zemlya.

AMS measurements were carried out using the MUD accelerator at the Australian National
University, Canberra (Fifield et al., 1996). Sediment sample weights ranged from 2-10 g dry
weight. Alter radiochemical separation by ion-exchange, using Pu-242 as a yield monitor, Pu
isotopes were dispersed in 2 mg Fe2Oj (Pu:Fe ratio of between 10'8 and 10'12). AMS
measurement was performed by injection of PuO" ions into the 14UD accelerator operating at
4.3 MV, gas stripping and detection of the 6+ charge state after acceleration. The three isotopes
(242, 240 and 239-Pu) were counted using repeat cycles. Analytical blanks gave count rates of
less than 2 counts per hour, equivalent to a detection limit of 106 atoms, or 1 |iBq Pu-239.

Activity levels of Pu-239 in the sediments ranged from 0.03 to 20 Bq/kg d.w. Samples from the
open Kara Sea and Ob estuaries had isotope ratios corresponding to that of global weapons
fallout (0.19-0.22), however some sediments collected from localised ^contaminated" areas
showed significant deviation from these ratios. The proposed paper will discuss the results of
Pu isotope measurements and summarise the analytical capabilities of AMS.

Fifield <it al. 1996. Accelerator mass spectrometry of plutonium isotopes. Nuclear Instruments
and Methods in Physics Research B, 117, 295-303.
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DETERMINATION DE LA 20NE SOUMISE A L'IMPACT DU REJET DE L'EMISSAIRE DE HAMMAM-SOUSSE (Tunisie)

N. HOCLNI
Centre de Développement des Techniques Nucléaires (C.D.T.N), Alger, Algérie.
P. BRISSET
Commissariat à l'énergie atomique (C.E.A),Gif-sur-Yvette, France.

L' objectif de ce travail est de déterminer le devenir spatio-temporel en zone côtière de la
phase particulaire et des contaminants associés provenant des rejets urbains et de délimiter l'aire
géographique concernée par ce rejet. La technique utilisée est celle du marquage radioactif de
l'effluent urbain, avec un suivi in-situ du traceur utilisé. Le radioélément adéquat pour cette étude est
l'Hafnium-181 de période courte (45 jours). Il se fixe instantanément sur les matières minérales et
organiques contenues dans l'effluent.

Le site de Sousse Nord, proposé et retenu par l'Office National d'Assainissement (ONAS),
est situé à 2 km environ du Nord-Ouest de la ville de Sousse qui comprend 120.000 habitants. Une
station d'épuration récente a été installée à environ 200m du trait de côte. L'effluent, après traitement,
est pompé dans un réservoir tampon par des pompes immergées, puis est refoulé vers un émissaire
débouchant en mer. Le rejet en mer est effectué par l'intermédiaire d'un émissaire de 2200m dont
1700m en mer. Il est constitué par un tube de 700 mm de diamètre en PVR ( polyethylene renforcé
par la fibre de verre). Le débit moyen de l'effluent urbain transitant par l'émissaire serait de l'ordre de
10.000 mVj, sa teneur en M.E.S (matière en suspension) est environ de 70 mg/1. Le site est en partie
recouvert par des herbiers de posidonies.

L'expérience a été réalisée par le CEA (France) en collaboration avec le CDTN (Algérie),
CNESTEN (Maroc) et avec le soutien logistique de l'ONAS (Tunisie). L'expérience a eu lieu du 11
Octobre au 4 Décembre 1995. L'injection des traceurs a eu lieu en continu 24 heures par jour et à
débit constant du 23 Octobre au 12 Novembre 1995.
Le procédé consiste à converger dans un même circuit la solution radioactive de chlorure
d'Hafnium 181 diluée dans de l'eau acidulée et l'effluent provenant du réservoir tampon.
L 'effluent ainsi marqué est introduit en continu à l'entrée de l'émissaire au moyen d'une pompe
péristaltique.

Le suivi spatio-temporel des traceurs est effectué à l'aide d'un zodiac remorquant un traîneau
porte-sonde et réalisant une exploration systématique de la zone de rejet, c'est-à-dire du Port
El-Kantaoui au Nord et à la limite de la ville de Sousse au Sud de façon à établir une cartographie des
fonds.

Périodiquement, en fonction des conditions météorologiques , quatre détections ont été
réalisées les 31/10 -1 et 2/11, le 8/11, le 11/11 et le 29/11. Le zodiac effectue une exploration
systématique de la zone en remorquant le traîneau porte-sonde de façon à établir une cartographie des
dépôts. La position géographique de l'embarcation est obtenue par GPSD (Differential Global
Positioning System ).

Les figures 1 à 4 présentent les cartes des taux de comptage relevés pendant les détections
(après déduction de la radioactivité naturelle des sédiments du fond). En analysant ces courbes
isoactives, on remarque que les particules se déplacent vers la côte, sous l'influence des vents
dominants de Nord-Est, dans la région située au Nord de la ville de Sousse.
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International Intercomparisons for Radioactivity
Measurements of Environmental Samples

Huang Zhijian Song Hailong

Ren Xiaona Teng Huijie

(China Institute for Radiation Protection)

(P.O.Box 120,Taiyuan,Shanxi,China,030006)

Since 1985 our laboratory participated in a series of international intercomparison

runs for radioactivity measurements of environmental samples sponsored respectively

by WHO IRQIAEA AQCS,CSL-FSL,EML and RESL USA,with 30 samples meas-

ured in total.Among these 30 intercomparison samples,there were 13 samples from

WHO IRC,8 from IAEA AQCS,2 from CSL-FSL and 7 from EML and RESL

USA.The type of samples contain: liquid milk.liquid effluent,aquatic plant,May blos-

som, mineral water,ground water,river sediment,wine,water etc for WHO

IRC,soil,grass,sea sediment,sea cockle feash etc for IAEA AQCS;milk powder for

CSL-FSL;airfilter,soil and vegetation for EML-QAP 9703 and 9709,soil for ERSL-

MAPEP-97-S4.

Analytical methods used for radioactivity measurements of environmental sam-

ples in the laboratory contain:HpGe gamma spectrometry used for measurements of

nuclides emitting gamma ray and nuclides of U-,Th-series and also used for 134Cs,137Cs

measurements after radiochemical separation,Liquid scintillation spectrometry for
3H,14Cs measurements,Laser fluorimetry or photometry used for U analy-

ses,Photometry after N-235 extraction and chromatography used for Th analy-

ses,Radon emanation measurements used for 226Ra except gamma spectrome-

try. Separation by HDEHP chromatography or cation ion exchange chromatography

and beta counting used for ^Sr analyses.Alpha spectrometry after electric deposition

used for 234U,235U,238U analyses.Alpha counting after evaporating deposition used for
210Po.

Reference sources used for measurements were from different laboratories in dif-

ferent countries.Radioactive point source is a basis of transferring national or interna-

tional laboratory standard radioactivity guantity values,which transfers standard guan-

tity values to reference materials or reference samples'1"2'.The first step for the labora-

tory transfers radioactivity guantity values is to check standard stlution or reference

solution.Standard or reference sloution from various national laboratories are directely

used as calibration standards of radiochemical analyses and 3H measurements.Soil

reference samples prepared by the laboratory were taken from natural soil in Hengy-

ang,Huan province,in which natural radioactive nuclides contents were determined by

the CXRP and NEPA laboratores.Additionally,the laboratory prepared spiked simulat-

ing soil sample with U,Th,U-Ra ore powder and 137Cs,60Co and 152Eu and spiked solu-
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tion samples with 137Cs,60Co and 152Eu,which be directly used for measurements of

gamma spectrometry.

In the reports given by WHO IRC.IAEA AQCS and others,for WHO IRC sam-

ples.the values of K,Ca,3H,9OSr,137Cs in No. 421300 milk sample deviate respectively

from reference values 6.3, 9.3, 0, 13.3, 0 and 7%,the values of U, 234U, 235U, 233U,
234U/238U,210Po,226Ra,22SRa/238U in No.49SH300 mineral water deviate -15, -7, 0, -

30.4, -21, -27, 4.2%,the values of U.^Ra^Co in No.SH300 mineral water deviate 0, 3,

6.5%,the values of 3H,!4C and 137Cs in N0.6IEE 300 water sample deviate 6,23 and

3.4%,the values of nuclides emitting gamma ray for other samples deviate generally

within 10%.For IAEA-300,373,375,326 and 327 samples,the reference values did not

be given but median or total average values were taken as recommended values or

information values,the results of nuclides emitting gamma ray repoted by the labora-

tory are within the acceptance range,but the values of transuranium nuclides and beta

nuclides did not be given'3*51.For CSL-FSL milk powder samples.the acceptance critera

is evaluated based on the value of the Z-score,which of I34Cs,137Cs,40K are 2.3, 0.5 and

-0.4 for powder A and 2.2, 1.5 and 0.3 for powder B.For QAP 9703 and 9709 samples

of EML and MAPEA-97-S4 sample of RESL USA which measured in 1977,in the 13

values of airfilter,soil and vegetation for 9703,8 data are acceptance(A),7 data are ac-

ceptance with warring (W).The results of 3 samples for 9709 sample have been given

and did not be given evaluation,but most values are acceptance.The values of

MAPEP-97-S4 sample are acceptance.

It is generally shown that,the results given by HpGe gamma spectrometry and the

results of milk and mineral water etc given by radiochemical analyses and scintillation

connter in the laboratiry are good.but we can not give the results of transuranium nu-

clides and beta nuclides of IAEA AQCS samples and EML-QAP and RESL-MAPEP

samples.So that we have to improve our analytical methods in order to meet the re-

quirements of international society.
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Specific Accumulation of Iodine by the Operculum of the Strawberry Conch
Strombus luhuanus

T. ISHII, T. MIYAZAKI, M. NAKAHARA, R. NAKAMURA, and T. WATABE

Laboratory for Radioecology, National Institute of Radiological Sciences Isozaki 3609,

Hitachinaka, Ibaraki 311-1202, Japan

Accumulators having a special ability to concentrate a specific element at a high level

have been discovered in the animal kingdom[l-5]. They are regarded as very effective

indicator organisms for monitoring marine pollution by heavy metals and radionuclides.

Since little data on the concentrations of iodine in gastropods were reported, a screening

study for finding iodine accumulators was focused on gastropods.

Thirty species of gastropods belonging to Strombidae, Trochidae, Potamididae, Muricidae,

Conidae and Turbinidae were collected from the shallow water of the south area of Japan

from August in 1994 to September in 1995 and were dissected into several organs such as

the operculum, foot, gills and intestine. Determinations of iodine in specimens were carried

out by neutron activation analysis (NAA). Specimens and a standard were irradiated with

thermal neutrons having 5.5 x 1013 n.cm2.s'1 of JRR-3M at the Japan Atomic Energy

Research Institute. The Leco model 932 CHNS analyzer was used to measure the

concentrations of C, H, N, 0, and S in the operculum of Strombus luhuanus (FIG. 1). Point

(beam size=10#m) analyses by the JEOL JXA-8900R electron probe X-ray microanalyzer

(EPMA) were performed for ten targets in the operculum of S. luhuanus to obtain the

average concentrations of Br, Ca, and Cl. The BIO-RAD Digilab FTS-60A/896 Fourier

transform infrared (FT-IR) spectrometer was used to know the major component in the

operculum of & luhuanus. The operculum of S. luhuanus was digested (experimental

conditions; 37"C, 72 hr) by a continuous treatment of an acid protease from Aspergillus

niger, an alkaline protease from Bacillus subtilis and carboxylpeptidase from a bovine

pancreas. Secondly, VG PlasmaQuad PQ-2 inductively coupled plasma mass spectrometer

was used to select only iodine-containing fraction from many peaks which were obtained by

the application of HPLC equipped with an silica-ODS column to the protease-digested

solution.

The concentrations of iodine in various organs of thirty species except the operculum of

the conch ranged from 0. 20 to 35.3p.glg on a dry weight basis. In contrast, the operculum

of the conch have very high concentrations of iodine, as shown in TABLE 1. In particular, S.

luhuanus showed the highest concentration (mean±SD=22,800±5,200 jug/g dry wt, n=10)

of iodine among four species of Strombidae. The specific accumulation of iodine was
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thought to be common and limited to Strombidae since gastropods belonging to other

families show the low concentrations (22-980 /ug/g dry wt) of iodine in their operculum.

Quantitative analyses by NAAor with the CHNS analyzer and EPMA revealed that the

major elements in the operculum of S. luhuanus were : Br (1.7%), C (47.7%), Ca (0.30%),

Cl (1.5%), H (6.2%), I (2.3%), N (15.6%), 0 (16.0%), and S (0.30%). The large percentages

(85.5%) of C, H, N, and O indicated that the operculum was made of organic materials . The

operculum of S . luhuanus was mainly composed of protein since three characteristic

absorption bands (amide I band at 1638 cm'1, amide II band at 1517 cm1, and amide III

band at 1236 cm1) indicating the presence of protein were observed from the result of FT-

IR. Eleven kinds of amino acids were present in the iodine-containing fraction which was

selected from protease-digested solution. In contrast, aminosugar, saccharides and lipid

were not detected in it. LC-MS revealed that iodine was not bonded to valine, although only

valine existed as a free amino acid. It was also found from X-ray absorption fine structure

analysis by synchrotron radiation that iodine atoms were covalently bonded to carbon

atoms and iodine did not exist as I2, I" and IO3 (unpubl. data). From these results, we

thought that iodine atoms were directly related to certain amino acids in the operculum.

TABLE 1. Concentrations (#g/g dry wt) of iodine

in the operculum of the family Strombidae

Species Concentration No

Strombus luhuanus
Lam bis truncata

Lambis lambis

Harpargo chiragra

22,800+5,200
5,760± 1,580

3,680± 1,200

3,630± 1,000

10

5

5

5

FIG. 1 Photograph of S. luhunaus.

Its operculum (arrow) has a brown blade with saw-like teeth. Scale bar=l cm
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1. Introduction

As part of the IAEA study of the radiological status of the marine environment at
Mururoa and Fangataufa Atolls, we have measured 36CI, 129I and 14C in waters by Accelerator
Mass Spectrometry (AMS). These measurements were carried out on samples collected by
the IAEA team in July 1996. Samples included ocean and lagoon waters and underground
waters from boreholes. Two of the underground waters were obtained from the cavities
produced by atomic bomb tests.

The sensitivity achievable by using AMS [1] corresponds to about 106 atoms. Isotopic ratios
are measurable to the level of 10~15. Such low ratios occur in natural samples for certain
long-lived radioisotopes such as 36CI and 14C. Monitoring of AMS determined radionuclides
in the underground environment can provide supplementary information to assist in the
development and validation of geosphere transport models. Moreover, 129I and 36CI, being
very long-lived non-sorbing radionuclides, can be monitored over periods well beyond the
half-life of 3H.

2. Sample Preparation

All samples were prepared at ANSTO. Based on results of tritium analysis the
underground and surface waters were expected to have concentrations of 1 2 9 I , 36CI and 14C
ranging over 8 orders of magnitude. The dynamic range of AMS is limited by ion source
memory effects to 3 or 4 orders of magnitude. Hence a series of careful dilutions were
required to ensure the isotopic ratios of the resulting samples were within the range
acceptable for AMS measurement. Samples that were expected to have too high an activity
level were diluted using radioisotope-free carrier solutions. Our laboratory normally deals
with these radioisotopes only at naturally occurring levels, so it was necessary to be very
conservative in the magnitude of dilution. In many cases, samples were over-diluted initially
and had to be repeated at reduced dilution to obtain results.

Iodine - Samples were prepared by concentration of iodine from seawater using anion
exchange chromatography. The iodine was purified by repeated extraction into chloroform
then back extraction into sulfurous acid solution and precipitated as silver iodide. The silver
iodide was mixed with equal quantities of Nb powder for AMS measurement.

Chlorine - Chloride from 2mL of seawater was precipitated as silver chloride and
purified by removal of sulfates by precipitation of barium sulfate. The chloride was
reprecipitated as silver chloride and loaded into sample holders lined with silver bromide.

Carbon - Carbon present in the waters as dissolved inorganic carbon (DIC) was
extracted by sparging 250mL of the acidified water with He gas. The carbon dioxide was
reduced to graphite and loaded in sample holders for measurement.

3. AMS measurements

Table 1 summarises the major parameters of the AMS system used at ANSTO for these
measurements, and the minimum detection limits achieved.
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Table 1. AMS measurement parameters

129.

3 6 C |

14C

Accelerator
voltage (MV)

3.6

7.8

5.2

Charge state
analysed

5+

7+

4+

Terminal
stripper

Argas

Cfoil

Argas

Detector
system

Silicon

Gas - BCS*

Gas - BCS*

Min Detection Limit

0.05nBq/L

1 mBq/L

10nBq/L

*BCS = Bragg curve spectroscopy detector

4. Results

Table 2 compares the concentration of the AMS-determined radionuclides, 36CI, 129I and
14C, with other radionuclides analysed by conventional methods. As expected, the
concentrations are highest in the two test cavities. The water samples from the monitoring
wells contain varying concentrations of radionuclides. The concentrations of 14C were much
lower than expected which could be due to a number of processes occurring in the test
cavity; formation of methane and carbon monoxide rather than carbon dioxide during the
explosion and/or precipitation of 14C as a carbonate.
In general, there is reasonable correlation between the concentrations of 3H, 90Sr and 137Cs
and those for 36CI and 1 2 9 I . However, some differences in behaviour are discernible because
of differences in origins of the radionuclides (90Sr, 137Cs and 129I are all fission products, 3H is
a fuel component and 36CI is an activation product), their sorption characteristics (137Cs and
90Sr are both retarded relative to the groundwater flow) and their half-lives.

The full results of the study are published in the IAEA Technical Report on Geosphere
Transport [2].

Table 2. Concentrations of radionuclides in a selection of filtered water samples
(mBq/L)

Location

Test Cavities

Mururoa

Carbonate Waters

Fangataufa

Carbonate Waters

Site

Aristee

Ceto

Geo10

Pieuvre 37

Geo8

Tazard 14

Murene 16

Isurus 10

Geo5

Fuseau 30

Mitre 27

3H

6.1x109

2.2x1010

7.5x106

8.5x106

1.4x106

6.9x106

1.0x107

4.8x105

1.8x104

3.4x106

1.0x10"

^Sr

3.2x105

2.5x105

16000

12000

1600

53

103

64

8.4

340

2.2

137Cs

1.0x105

1.1x104

11000

9700

1100

78

<2

12

20

127

20

36C|

3000

31000

19

1.7

5.4

3

15

<1

<25

3.1

<6

129,

45

17

1.1x10"2

1.2x10"2

4.3x10-3

3x10"2

1.5x10"2

9.4x10"4

<5x10's

1.0x10'2

<5x10"5

14C

<50

1280

52

<32

<32

na

na

<32

4.4

<32

12
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*China Institute of Atomic Energy, P.O.Box 275-83, Beijing, China

°Institute of General Chemistry, Urbino University, 61029 Urbino, Italy
*National Agency for Environmental Protection, 00144 Roma, Italy

239+240Pu, 238Pu, 24lAm, ^Sr and 137Cs, which represent the most toxic, long-lived and worldwide
contaminating artificial radionuclides, were mainly deposited in our environment in the 1960's as a
result of the global fallout from nuclear weapon tests and again in 1986 after the Chernobyl reactor
accident. To realistically determine the long-term radiation dose to human beings as a results of the
radionuclides released to the environment, detailed information on the environmental behaviour is
necessary.In the present paper the concentration of plutonium, 4 Am, Sr and Cs in the cultivated
and uncultivated soil samples collected in the Urbino area has been investigated. These data give a
good interpretation of the impact estimation of past, present and future deposition of these
radionuclides in the studied region.

Urbino (Central Italy) is located at a latitude of 43°43.5' and a longitude of 12°53.0'. The
sampling sites are distributed within 0 - 6 km southwest of Urbino, about 400-500 m above sea level.
All sampling sites were selected on a flat area to exclude precipitation run-off. As there are no nuclear
facilities within 200 km, the soil is expected to contain only radionuclides deposited by worldwide
fallout from nuclear weapon tests and/or Chernobyl accident.

14 cultivated and 15 uncultivated soil samples were collected at a depth of 5 cm in May 1997. The
air-dried soil samples were ground, sieved through a 1.0 mm screen for the removal of stones and
fragments of plant roots and carefully mixed; then, the samples were dried to constant weight at 105
°C for 24 h.

All the soil samples were counted by gamma spectrometry for Cs determination before any
radiochemical separation. Plutonium and americium were determined by alpha spectrometry (Silena,
Italy) and the ^Y sources for ^Sr determination were measured by a flow-gas low background beta
counter (Canberra-2404). The radioanalytical method for separation of plutonium, 241Am and ^Sr has
been reported alsewhere1.

~ , 239+240^ 238., 241 . 90 o , 137,, . . . . . . , n i AH i n r\e A

The mean Pu, Pu, Am, Sr and Cs concentrations obtained are 0.147±0.054,
0.005±0.002, 0.047±0.021, 1.53±0.44 and 7.70±2.07 Bq kg1 in cultivated soils and 0.721±0.456,
0.023±0.014, 0.241±0.165, 5.40±3.32 and 62.3±33.9 Bq kg'1 in uncultivated soils respectively. The
results show that the concentrations of all the analyzed radionuclides in cultivated soils are relatively
homogeneous, but lower by a factor of about 5 for Pu, Pu, and Am, 3.5 for Sr and 8 for

Cs if compared with the uncultivated soils. This trend can be attributed to the fact that ploughing
and other cultivation activities lead the radionuclides toward deeper distribution in soil. The
concentration values in uncultivated soils are in good agreement with those repoted by other authors
for the north temperate zone (30-50° N)M . The concentrations in uncultivated soils are quite scattered
and higher values were found in the less disturbed forest soil which contains many organic substances.

The correlation between the concentrations of the different radionuclides was also studied. If the
Pu concentrations are plotted against the + Pu concentrations, the correlation equations are

[238Pu]=0.0290[239+240Pu]+5.90-10^, (r=0.669, n=14) in cultivated soils and
[238Pu]=0.0260[239+240Pu]+4.4M0'3, (r=0.868, n=15) in uncultivated soils. It is reported that the 238Pu
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contribution from nulcear weapon tests plus the SNAP-9A device in the 1960's is about 3-6% of the
total 239+240Pu inventory in the northern hemisphere. The results indicate that the 238Pu/ 239+240Pu ratio
in all the analyzed soils is in the range of 0.018 - 0.066; therefore it seems that the new Pu contribution
from the Chernobyl nuclear accident characterized by Pu/ Pu ratios of 0.33 and 0.47 during
the two periods of radioactive release is negligible.

The correlation equations between 41Am and Pu concentrations are [ 41Am]
=0.347[239+240Pu]-3.96-10"3, (r=0.909, n=14) in cultivated soils and [241Arn]=0.382[239+240Pu]-0.0145,
(r=0.986, n=15) in uncultivated soils: both correlation coefficients are highly significant. As a matter

241

of fact, the Am direct fallout was negligible and its amount in present day archives is derived
mainly by in-growth from weapon test fallout 4 Pu (T1/2: 14.4 y). Calculations show that the 241Am
inventory doubled between 1972 and 1990, and that it will increase by a further 24% up to the year
2037.

Significant correlations were found between ^Sr and 239+240Pu concentrations. The equations can
be expressed as [90Sr]=7.31[239+240Pu]+0.454, (r=0.904, n=14) in cultivated soils and
[90Sr]=6.87[239+240Pu]+0.444, (r=0.945, n=15) in uncultivated soils. Similar 90Sr/239+240Pu ratios and

Art

high correlation coefficients in the two kinds of soil indicate that Sr was only originated from nuclear
weapon tests.

Good correlations between l 7Cs and 2 40Pu concentrations were also observed. The equations
are [I37Cs]=30.6[239+240Pu]+3.20, (r=0.800, n=14) in cultivated soils and [137Cs]=60.8[239+240Pu]+18.5,
(r=0.818, n=15) in uncultivated soils. Cs concentration in all the soils is the highest if compared
with + Pu, Pu, Am and Sr, but Cs correlation coefficients are not as high as expected.
These concentration variations could be due to: (1) highly localized transport processes of Cs
immediately following deposition and (2) the different Cs origins. Furthermore the Cs/ Pu
ratios in uncultivated soils are nearly doubled in respect of cultivated soils due probably to the effect
of agricultural activities.

90 137 90 137

The correlation equations between Sr and Cs concentrations are [ Sr]=0.191[ Cs]+0.0585,
(r=0.903, n=14) in cultivated soils and [9OSr]=0.0740[137Cs]+0.782, (r=0.757, n=15) in uncultivated
soils. It is estimated that in the early 1980's, due to the nuclear weapon fallout deposition, the
90Sr/137Cs ratio in surface soil was 0.62. From our results the ratios are 0.199±0.027 in cultivated soils
and 0.092±0.040 in uncultivated soils. These lower ratios could be due to different chemical

90

properties, as Sr is mainly associated with mobile chemical forms and it penetrates toward deep soil,
while Cs is strongly bound with soil components and it is fixed in the first em's. The more recent

Cs contribution from Chernobyl nuclear accident could also be responsible for this fact as it
90 137

indicated by the much lower Sr/ Cs ratios in uncultivated soils.
The experimental values provided a reasonable record of the atmospheric deposition of global

[lout and there
nuclear accident.
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fallout and there was no evidence of 239+240Pu, 238Pu and 90Sr contamination from the Chernobyl
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Radiocaesium in Fucus vesiculosis along the Swedish coast between 1986 - 95

D. Josefsson, E. Holm, P. Roos

Department of Radiation Physics
Lund University
S-221 85 Lund

Sweden

The Chernobyl accident in April 1986 caused an extensive radiocaesium fallout over the Baltic
sea and its drainage area. The highest fallout activities were recorded in the northern Baltic Sea at
Alands Sea. To monitor the contamination pattern, seaweed (Fucus vesiculosis) were collected
at some 30 stations along the Swedish Baltic Sea coast in the summer 1986 (Figure 1). This
sampling was then repeated in 1987,1991 and 1995. In the last years around 10 stations at the
Swedish west coast was included in the sampling area. At every third or fourth station also sea
water was collected for l34Cs and I37Cs activity determination. Observed 137Cs-activities in Fucus
for the period 1986 - 91 show an activity transport to the south and west along the Swedish Baltic
Sea coast (Holm, 1996). During this period almost all radiocaesium hi the Baltic Sea water have
been Chernobyl related. The observed activity concentration factor in Fucus show a negative
salinity dependence.

During July 1995 a concluding Fucus and water sampling was performed. The evaluation of the
preliminary results (Figure 2) support the earlier conclusions. In this paper the results of the
sampling series will be evaluated and discussed. This will give information on the caesium
residence time and transport in the Baltic Sea and along the Swedish west coast.

REFERENCES

Holm E. 1996; Radioactivity in the Baltic Sea. Chemistry and Ecology. 12. pp.265-277.
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Figure 2. Activity concentrations of 137Cs in Fucus vesiculosus along the Swedish coast in 1995.
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An assessment of pollution dynamics and trace metal load at Makupa Creek, Kenya

By

Joseph N. Kamau

Kenya Marine and Fisheries Research Institute

Makupa Creek (39° 38'E, 4°2'S) was chosen as the study site due to the high
anthropogenic stress excreted on it, with the aim of assessing its trace metal load, pollution
source, and its sediment dynamics.
A dumping site is located on the west mainland next to the shores of the Makupa Creek. It
is the only dumping site set apart for the disposal of all the towns wastes, the dumping is
unregulated. The construction of the Makupa causeway, has effectively isolated the Creek
from the Tudor Creek thus interfering with the water circulation dynamic this in turn
causes the Makupa Creek to have pollutant sinking properties.

For comparison three sites in Mangrove ecosystems at Gazi Creek were chosen and their
arithmetic mean trace metal levels obtained. Mangrove sediments are considered as
pollutant sinks due to active bioturbation of sediments by crustaceans and soldier crabsQG
Rers, T.M.williams, M.M Nguli)

Rezende( 1988) and silva(1988) have shown that mangrove sediments operate as
biogeochemical sink for heavy metals, mainly due to the concentrations of organic matter
and sulphides under permanently reducing conditions.

Table. 1 : Arithmetic mean values of copper in sediments at Makupa Creek and Gazi Creek

Station
Makupa .1
Makupa . 2
Makupa . 3
Makupa . 4
Makupa . 5
Gazi

Mean dry wt (ng/g)
114
68.5
55.7
70.5
57.3
6.95

Standard deviation
23.1
6.4
7.2
4.1
4.9
0.37

Table. 2 : Arithmetic mean values of Cadmium in sediments at Makupa Creek and Gazi Creek.

Station
Makupa . 1
Makupa . 2
Makupa .3
Makupa . 4
Makupa . 5
Gazi

Mean dry wt (ng/g)
11.8
13
11.7
10.4
10.4
<0.02

Standard deviation
3.78
2.12
2.76
1.95
1.87

Table. 3 : Arithmetic mean values of iron in sediments at Makupa Creek and Gazi Creek.

Station
Makupa . 1
Makupa . 2
Makupa . 3
Makupa . 4
Makupa . 5
Gazi

Mean dry wt (ug/g)
22680
26577
25342
27719
25205
2653

Standard deviation
4461
2859
2355
2885
1067
1250
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Table 4 Arithmetic mean values of lead in sediments at Makupa Creek and Gazi Creek.

Station
Makupa . 1
Makupa . 2
Makupa . 3
Makupa. 4
Makupa. 5
Gazi

Mean dry wt (^g/g)
142.5
109.2
77.5
75.6
73.1
40

Standard deviation
17.68
18.76
—
18.30
12.65
14.72

Table . 5 : Arithmetic mean values of Zinc in sediments at Makupa Creek and Gazi Creek.

Station
Makupa . 1
Makupa . 2
Makupa. 3
Makupa . 4
Makupa . 5
Gazi

Mean dry wt (ng/g)
1429
353
223
329
166
13.7

Standard deviation
156
89
79
94
28
1.76

Sediment samples were analysed for Cu, Cd, Fe, Pb and Zn The observed ratios for trace
metals levels at Makupa Creek against Gazi Creek were:
Cu 11.1, Fe 9.6, Pb 2.5 and Zn 42.6 a clear indication of pollution, Zn having the highest
relative pollution ratio.
High Cu, Pb and Zn levels 114 ng/g dry wt. 142.5ug/g dry wt and 1429ug/g dry wt
respectively obtained at station 1 as opposed to levels of between 55.7 - 70.5 ug/g dry
wt. for cu,73.1 - 109.2 ug/g dry wt for Pb and 166 - 353 \\%l% dry wt for Zn highlights
the effect of Makupa causeway on the sediment dynamics at station 1 ,causing it to portray
pollutant sinking characteristics.
Station 2 and 4 registered similar values of Cu , Fe , and Zn , despite station 2 being
next to the dumping site this is an indication that the front waters are better flushed
thereby exporting the suspended contaminants away from the Creek .
Except for Fe station 5 registered low values compared to the other stations indicating
that the dump site is the main source of Cd , Cu , Pb and Zn pollution.
The following observations were made:
1. The lack of proper flushing and high energy events have caused Makupa
Creek to act as a pollution sink
2. Kibarani dumpsite is the main trace metal pollution source in Makupa Creek .
3. There is better flushing at the front waters than at the back waters .
4. Trace Metal levels have not exceeded the 'limit' (Cu 400ug/g , Cd 30ug/g ,and
Zn 2500ug/g ) proposed in a draft criteria document at an international sediment
quality forum in 1982 ( Van Veen and Strotelder 1988 ).

J G Rees, T M Williams, M M Nguli, K K Kairu and A C Yobe 1996: Contaminant transport and storage in
the estuarine creek systems of Mombasa , Kenya . British Geological survey overseas Geology series
Technical report WC / 96

-Van Veen , R . J . and Strotelder, P. B .M 1988 : Research on contaminated sediments in the Netherlands ,
in Wolf, K ,Van de Brink, W. J . and Colon , F.J (Eds ). Contaminated soil 1263-1275 . Academic . Publ.
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Monitoring and Seasonal Variation of Pesticide residues from different locations of
South Patches and Coast of Bay of Bengal, Bangladesh.

J.A. Khatoon, M. Rahman and N.B. Dam. EFRB, AERI:, G.P.O. Box 3787, Dhaka-1000.
Bangladesh.

Water and sediment samples were collected from the different locations situated at the
south-patches and from the Coast of Bay of Bengal. Bangladesh. The selected fishes and
shell fishes were also collected from this area wihch were available all the year long.
From designated locations of the coast and south patches of Bay of Bengal, 24 sediment
samples and ten samples of each fish species were collected during pre-monsoon.
monsoon and post-monsoon in 1997. In Bangladesh no such study was undertaken
previously for monitoring of organochlorine pesticides residues to know the
concentration of pesticide in water and sediments of the coastal area and to find out
whether the concentrations are harmful to the environment or not.
Samples were collected and wrapped in aluminum foil and kept into frozen condition
prior to analysis. The sediment samples were subjected to freeze drying before analysis.
The dried samples were sieved and the particle size was 120 micron with a moisture
content of 2-3%. All samples were soxhlet extracted with distilled hexane and cleaned
up using florisil coloumn. The extracts were concentrated and determination of residue
was done by TIC and GC [ 1 ].
From Table 1, it was observed that the concentration of organochlorine residues was
more during the post-monsoon period incase of Parastromatem niger, Argyrops spimfer
and Panulirus polyphagus. Highest concentration of 4707 ng g of total OCs contained in
Parastromatem niger (Black pomfret) during post-monsoon. Lindane. DDT, dieldrin and
heplachlor were predominant in total OC residues.

Table I. Seasonal variation of organochlorine pesticide concentration (ng/g) in fish and
shellfish samples.

Species

P-JOnnuii furaaiMi

••'•w.:.-n,.-/-'-Vf-.:<s.!.-

Aw,.»,r.-<,isi

Season
Pfe-motnton

Moosou

Posimoason

Pie-oiooson

hfcran

Post mooson

Pro monsoe

Monsoa

Posl mooson

Pie monsoo

MrifUOfl

post moiixm

Vre-moason

Mon*on

post moiuon

Pre-moosoii

Monson

l»>t roonson

p.p-DDI
ND
ND
1.98
ND
4.3"
ND
2560.19
S5.S9
535.84
ND
ND
NT)
25". 54
ND
ND
NT)
ND
2S4 6"

DDD
Nd
ND
ND
NT)
ND
ND
ND
13.12
94.55
ND
ND
ND
ND
N'D
ND
ND
+6.06
105.60

DDfe
ND
WO
ND
ND
ND
ND
ND
73.72
316.15
ND
ND
ND
N'D
ND
ND
"464
24S8.I.'
366.S"

IDDT
ND
ND
1.9S
ND
4.37
ND
2560.19
1"2.74
946.50
ND
ND
ND
25".54
>:D
ND
7.464
2534.12
" 5 " 151

Aldrin
ND
0.04
ND
ND
0.10
ND
7.14
ND
ND
0.0s
0.10
ND
ND
ND
ND
0.1-15
198.56
ND

Oieldnn
0.45
1.30
1.043
ND
•\so
9.25
ND
21.SO
15.5.41
ND
ND
ND
ND
ND
NT)
ND
•>69.9S
116.33

Endrin
ND
ND
N'D
ND
N O
ND
ND
ND
ND
ND
ND
ND
ND
ND
NT)
ND
256.S6
ND

Lindaue
ND
0.15
377.99
ND
ND
ND
ND
ND
ND
ND
6.55
N'D
ND
ND
ND
ND
ND
NT)

Heptacbkir
ND
3.63
ND
ND
ND
5.02
ND
ND
NT>
ND
ND
ND
ND
ND
4-04.58
NT)
ND
NT)

"tic-
0.45
5.13
381/>2
NT)
12.28
14.2"
156~.il
194.54
lOsliWS
0.0s
0.66
ND
25" .51
N'D
4"0"5S
~.f\

3v';Vt!
U'i .if

Table 2 represents the organochlorine residues in sediment samples. Only two locations
shows the OC residues during monsoon. Presence of lindane. DDT and heplachlor were
found only in these locations. Seasotial variations for oraanochlorine residues in water is
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persenteed in Table 3. From this table, it was observed that residues detected only in 4
stations. Aldrin, endrine. heptachlor and total DDT were found with low concentrations.
Highest load of organochlorine redidue in water was found in monsoon and lowest in
pre-monsoon period in station 1 and 3. There was no organochlorine residue in water
during the three season in station 2 . Highest load organochlorine residue was found in
monsoon in station 4.

Table 2. Seasonal variation of organochlorine pesticide concentration (ng g) in sediment
samples of different stations

Station

Station 1

SUlwn?

S i M J O O l

Station 4

SWian S

Season

Pre-mousun

Mo&soa

Pose mofuou

Pre-morcon

Monson

PE0*niOtLRKl

Monsoo

Postmoasaa

PW-IDODHM

Monson

post mooson

Pie-UMMtSIMI

Monson

post mousoa

p,p-DDT

ND

246.00

50 Ji

NT)

14.66

ND

ND

ND

ND

ND

NT)

ND

ND

ND

ND

DDD

ND

53.4i

NT>

ND

ND

NT)

ND

ND

NT)

ND

N.O

ND

ND

ND

ND

DDE

ND

ND

ND

NT)

NT)

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

IDDT

ND

299.44

5° .4.5

NT)

14.66

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

AMriu

ND

NT)

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

Dieldrin

ND

1.30

ND

NT)

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

Eivlrin

ND

NT)

NT>

ND

ND

ND

ND

ND

ND

ND

ND

Nl>

ND

ND

ND

I uidane

ND

ND

ND

ND

9.S7

ND

ND

MD

ND

ND

ND

ND

ND

ND

ND

HstiiacMor

NT)

.\T.
22.29

ND

ND

NT)

ND

ND

ND

ND

ND

KD

ND

ND

ND

ND

299 *•'-

Si."*
NT)

M 53
ND

Nil

ND

ND

ND

ND

NT)

ND

ND

ND

Table 3. Seasonal variation of organochlorine pesticide concentration (ngg) in water
samples of different stations

Station

Suaooi

Station ?

SU0MI ?

5i.TUon4

SUIK.1I .-:

Seasioii
Pr»-m«i3oo

Mcoson

P o s t OKM1SOI1

Pitf-tnoosoi]

Monson

Posimoosou

l*w-momon

Muitson

post momon

Pre-monson

Monsoo
post mooson

Pr^-monsor

Monson

postmoDson

p,p-DDT

ND

7.04

2.SO

ND

".04

ND

ND

5.93

ND

ND

ND

ND

ND

NT)

DDD

ND

0.4S

0~0

ND

0.48

ND

ND

0.47

0.45

ND

0.S4

ND

ND

Nd

:<v

DDE

0.05

ND

ND

ND

7.53

ND

ND

ND

ND

NT)

ND

ND

ND

ND

ND

£DDT

0.05

7.53

3.51

ND

•^.53

ND

ND

6.40
0.45
ND

3.96

ND

ND

ND

ND

Aldrin

ND

ND

ND

ND

ND

ND

ND

ND

0.4.2

ND

ND

ND

ND

ND

ND

Diekirin

ND

ND

N'D

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

Endrin

ND

0.593

ND

ND

0.56

ND

ND

ND

ND

ND

0.54

ND

ND

ND

ND

Lindane

ND

ND

ND

ND

ND.

ND

ND

ND

KD

ND

ND

ND

ND

NT)

NT)

Heptachlot

NI^

ND

ND

ND

ND

ND

ND

ND

0.31

."vO

ND

ND

ND

ND

ND

OC

0.05

S.12

6J2

ND

S.09

ND

ND

6.40

1.19

ND

4.50

ND
X.D

ND

\T>

^ Not delectable
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DEVELOPMENT OF A SUBMERSIBLE Ge GAMMA-RAY DETECTOR SYSTEM

Y. Kobayashi, R. Takahashi and S. Shima
Japan Marine Science Foundation, Mutsu, Aomori, Japan
M. Katagiri
Japan Atomic Energy Research Institute, Tokaimura, Ibaraki, Japan
K. Takahashi
SEIKO EG&G CO. LTD, Matsudo, Chiba, Japan

For gamma-ray monitoring in the marine environment, a small
mechanically cooled germanium gamma-ray detector system using two
Stirling refrigerators has been developed. The Stirling refrigerator
(Sumitomo Heavy Industry Co, Model SRS-2110) consists of a
compressor ( 06OmmXl2Omm/l.2kg) and a cold head( 0 6. 8mmx 105mm/0.3kg).
The compressor of helium gas is synchronized with 50 Hz of AC 17 V
power supply. The cooling faculty of the refrigerator is 1.5 W at 80
K. Two cold heads of the refrigerators are connected with a Ge
detector by an inverse-T type connector.

The detector system(Fig.1, Max. diving depth:500 m, 0188 mm x
1038 mm , 45 kg) consists of a detector unit and a power unit in an
aluminum pressure tube. In the detector unit, there are a 100 cm3

closed-end high-purity Ge detector with a relative detection
efficiency of 21.8 % fabricated by ORTEC, a preamplifier, a main
amplifier, an analog-digital converter, a high voltage controller, a
temperature sensor and other electronics. The power unit operated at
DC 12 V provides AC 17 V and 7 A for two refrigerators and DC 12 V
for electronics

The Ge detector is cooled to temperature of 105 K during the
period of 3-4 hours. After that the temperature is automatically
kept at 105 K with the DC-AC power supply using a pulse width
modulation circuit and a CPU circuit for the temperature control of
the Ge detector. This cooling time-consuming was similar to that of
liquid nitrogen cooling. Temperature stability was ±0.25 K at 105
K. This stability is sufficient to prevent a peak shift and keep a
good energy resolution in the gamma-ray spectrum measurements. The
surface of the pressure tube was cooled to room temperature(25 C)
with wet cloths and a fun, because a surface was raised to about 30
C in the air. Bias voltage of Ge detector is automatically stepped
up at 105 K, and the voltage increases to 255 V with lv/150msec and
then to 2000 V with lV/60msec. Values of full width half
maximum(FWHM) energy resolution for 1.33 MeV gamma-ray of Co-60 of
the detector system in and out of the pressure tube are 2.84 keV and
2.43 keV, respectively.

Sea trials of the Ge detector system have been carried out in
sea areas of Rokkasho-mura where a nuclear spent fuel reprocessing
facility has been under construction and Sekinehama in Aomori. The
Ge detector system has been loaded onto a remotely operated vehicle
(ROV, operational depth about 200 m ) . The total system of ROV is
composed of a vehicle, a underwater cable(fiber-optic electro-
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mechanical cable of 800 m) linking the vehicle and a supporting
ship, a control/navigation van, launching and recovery units and a
acoustic navigation unit. The signals of two TV cameras,
radioactivity data and other sensors are transmitted via the optical
fiber. Although a Nal(Tl) detector system was installed in the
center bottom of the original ROV, the Nal(Tl) detector system had
been replaced by the Ge detector system in these sea trials. The Ge
detector has been cooled to 105 K to measure gamma-rays on the deck
of supporting ship before a landing on the water. The spectral
energy range of detector is about 0.1 to 3 MeV.

We could find natural decay products of U-238 and Th-232, such
as Bi-214 and Tl-208, and K-40 in the spectra obtained with the Ge
detector for seabed surveys of Rokkasho-mura and Sekinehama with the
counting time of 20-30 min. Though concentrations of Cs-137 of the
seabed around Rokkasho-mura and Sekinehama have been reported 0.4-2
Bq/kg, we could not find Cs-137. FWHM energy resolution in the
observed gamma-ray spectra is about 3 kev for 1.46 MeV gamma-ray of
K-40. The energy resolution of this detector is almost the same as
that of a commercial Ge detector cooled by liquid nitrogen.
Consequently it is concluded that the compact mechanically-cooled Ge
detector cooled by two Stirling refrigerators has sufficient
performance of in-situ gamma-ray measurements in the marine
environment.

detector refrigerators electronics power unit

pressure tube

Fig.l Schematic illustration of the submersible Ge gamma-ray
detector system
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A PRELIMINARY INVEST IGATION ON THE POLLUTANT DISTRIBUTION

IN THE SOUTH EASTERN BLACK SEA COAST
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Black Sea Technical University
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61530 Camburnu , Trabzon , TURKEY

Theoretical Background

The analysis of buoyant surface jets can be simplified by recognizing two separate
regions: the "near-field" and "far-field" (see Figure 1). The near-field designates the extent of
flow near the discharge in which the mixing is highly dependent on the discharge conditions,
whereas the mixing in the far-field is dependent solely on the ambient conditions.

The dilution in the near-field is highly dependent on the initial volume, momentum, and
buoyancy flux of the discharge. Different discharge configurations can lead to fundamentally
different flow characteristic in the near-field. This forms the basis
for classifying buoyant surface discharge. Four categories of near field flow patterns can be
distinguished: free jets, wall jets, shoreline attached flows, and upstream intruding plumes[4].

In the near field, ambient turbulence, stratification , wind shear, and many other factors
dependent on the ambient conditions play a role in determining the rate of mixing. Lateral
spreading due to buoyancy and passive diffusion caused by ambient turbulence are the
predominant flow processes in a majority of particle situations. Since most other processes are
difficult to model and/or are generally insignificant, only buoyant spreading and passive
diffusion will be considered in the far field.

Hydrodynamic Simulation

The hydrodynamic simulation is a FORTRAN program linked to the expert system
through the HYDRO expert system element. It consists of a series of subroutines, each of
which describes a different region of the flow. Each of these subroutines, termed "modules", is
used for a region of the flow for which a particular process or processes dominate There are 17
modules which fall into four categories : The weakly deflected region, the strongly deflected
region, the upstream spreading processes, and the far - field processes.

A " flow protocol " refers to the specific series of modules a particular flow class uses.
The relationships used to estimate the trajectory, dilution, width and depth of the in each
module.

Transition rules define the extent of each model. The location of the transition from one
module to the next depends on both the current module and succeeding module.

Discontinuities in width and depth are due to the different definitions used to describe
the concentration profile. For jet like flows, the concentration profile is Gaussian and width
and depth are defined to be where the concentration is 1/e ( %37) of the centerline
concentration. However, for flows where buoyancy - induced lateral spreading dominates, the
concentration profile is assumed to be a top - hat profile, and in this case the width and depth
definitions are simply defined at the limits of the profile

For the passive diffusion region, the concentration profile is assumed to be Gaussian
again, only the width and depth of flow is defined at 46%on the centerline value, which is
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{nil)'2 times the standard deviation. This width definition was chosen so that it matches the
top- hat width definition of the buoyant spreading region while maintaining the same centerline
concentration.
Results

This study is done in the South -Eastern Blacksea region (shown in Figure 1.). The
reason to chose this area is that, fish farming is becoming important and the number of fishing
cages at sea is increasing gradually.

Figure 2: Study area

In situ measurements are shown in Figure 3.

4O.2O -1O.22 -1O.24 4O.26 4O.28 4O.3Q 4O.32 4O.34

Figure 3: Results of in situ measurements ( density contours of study area)
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TRACE METAL CONCENTRATIONS IN MARINE ORGANISMS FROM THE EASTERN
AEGEAN, TURKEY

FUiz KUCUKSEZGIN
Dokuz Eylul University, Institute of Marine Scinces and Technology
Inciralti, 35340 Izmir, Turkey

Monitoring of mercury, cadmium and lead levels in striped mullet (Mullus Barbatus) was
conducted in the Eastern Aegean over 3 year period and in some other species during 1996 in the
framework of a National Marine Measurement Program and MED-POL II Project for the Aegean Sea.
Striped mullet was recommended by FAO/UNEP(1975) as monitoring species. Of all the research on
the concentrations of trace metals in the Aegean environment only a little has been carried out in that
part of the Eastern Aegean (Uysal, 1992; Kucuksezgin and Balci, 1994; Batki, 1995; MED-POL, 1995;
1997). The Aegean Sea is one of the Eastern Mediterranean sub basins located between the Greek and
Turkish coasts and islands of Crete an Rhodes. The study area extends from Saros Bay in the north to
Fethiye in the southeastern Aegean. Heavy metal contamination of the environment has been recognized
as a serious pollution problem. In particular, mercury has received much attention due to the well
known toxic effects of this metal. Another element, Cd, whose toxic effects have been well documented.

Biota samples were collected by trawling from sampling stations, placed in plastic bags and
stored at below -20°C until analysis. Approximately 5-7g of biota muscle was digested with 5:1
HNO3:HC1O4 in microwave digestion system (Milestone Mega-1200) and diluted to the desired volume
with double distilled water (Bemhard, 1976). All the analyses were performed by Varian (Spectra AA-
300 Plus) atomic absorption spectrophotometer. Mercury concentration was measured by cold vapor
technique and Cd, Pb were determined by graphite furnace and background corrections were used as
required. Intercalibration fish homogenate samples (obtained from IAEA, Monaco) were used as a
control for the analytical methods.

41-f
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36

35
24 26 28

The concentrations of trace metals determined are shown in Table 1, all values being expressed
on a (ig kg"' fresh weight basis. The concentrations of trace metals found in Mullus Barbatus varied,
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with Hg ranging from 17-116fxg kg"' fresh weight, Cd ranging from 2-12(ig kg' fresh weight and Pb
ranging from 85-158|ig kg"' fresh weight. Table 1 shows that, there is no significant seasonal variation
in the trace metal concentrations. The values are similar the mean concentration of trace metals in
Mullus Barbatus from the Aegean and Mediterranean Sea (Taliadouri-Voutsinou, 1980; Vasilikiotis et
al., 1982; Aydogdu et al., 1982). Maximum concentration of Hg permitted in marine organisms are
given in the majority of Mediterranean countries, ranging between 0.5-0.7|ig g"1 fresh weight (FAO,
1984).

The results of Hg,Cd,Pb are presented in Table 2 for different species during 1996. It can be
seen that levels, are similar, except for mercury and lead, where they are significantly higher in Pagellus
erythhnus, Citharus linguatula for mercury values; in Parapenaus longirostris, Mytilus
galloprovincialis for lead values in the Aegean Sea.

As a general conclusion, the levels of trace metals determined in the different organisms under
study area considerably lower than those found in polluted area of Mediterranean Sea.

Table 1. Trace Metal Concentrations in Mullus Barbatus (ug kg' fresh weight)

Sampling
Date

July 1994

Dec. 1994

May 1995

June 1996

Oct. 1996

Sampling
Location

1
2
3
4
5
7
8
9
1
3
4
5
6
7
8
9
2
3
4
5
6
7
8
9
2
4
5
6
8
9
10
12
1
3
6
8
9
10

Number of
sample

4
10
5
10
10
10
5
10
10
10
10
10
10
10
10
10
10
10
10
12
10
10
10
10
10
10
9
10
10
8
10
10
11
10
24
20
20
15

Length
Range(mm)

118-138
140-160
110-125
140-160
110-140
110-140
134-145
106-115
129-144
118-138
110-140
110-140
120-130
118-135
113-137
110-130
120-135
124-138
128-145
130-155
111-145
120-145
130-148
128-145
130-145
128-145
134-150
120-140
132-156
135-160
123-148
135-150
110-150
120-135
155-200
130-160
140-180
150-170

Range of
weight(gr)

26-39
48-63
25-38
50-65
25-36
25-37
29-40
21-25
28-38
24-38
23-39
24-38
26-34
28-36
24-37
23-35
27^1
28^4
28^0
28-65
20-38
26-40
28-40
27-39
26-38
29-41
33-60
27-35
30-65
36-66
28^2
33-59
22-58
28-41
58-96
31-61
39-92
54-88

Hg

51
48
30
25
71
87
52
23
52
17
17
20
71
51
27
38
62
16
18
21
66
27
21
19
95
84
44
84
38
74
44
72
69
92
27
64
116
107

Cd

10
10
11
10
10
9
8
8
11
9
12
11
10
9
7
8
10
9
12
10
8
8
7
8
4
2
2
3
4
2
2
2
2
3
2
3
4
3

Pb

138
139
119
146
179
116
110
122
115
116
149
157
147
116
112
113
108
115
150
152
146
109
110
113
129
138
124
127
110
158
124
158
158
113
135
85
153
112
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Table 2. Trace Metal Concentrations in Biota (fig kg"1 fresh wt.) from Eastern Aegean Sea (1996)

Sampling Organism Hg Cd Pb
Location

1 Citharus linguatula (Spottet flounder) 900 1.6 12
Merluccius merluccis (Hake) 39 1.0 112
Lophius piscatorius (Angler fish) 142 1.3 89
Parapenaus longirostris (Pink shrimp) 110 2.7 2514
Octopus vulgaris (Octopus) 243 L9 23

2 Lophius piscatorius (Angler fish) 179 L2 122
3 Diplodus annularis (Annular sea bream) . 225 1.4 229

Serranus hepatus (Black comber) 180 1.0
Trisopterus minutus (Poor cod) 240 1.1 13
Merluccius merluccis (Hake) 60 1.6 64
Octopus vulgaris (Octopus) 427 L3 110

4 Merluccius merluccis (Hake) 112 1.8 124
Pagellus erythrinus (Red pandora) 375 L5 113

5 Diplodus annularis (Annular sea bream) 234 2.9 918
Pagellus erythrinus (Red pandora) 328 1.5 142
Merluccius merluccis (Hake) 74 1.0 78
Lophius piscatorius (Angler fish) 324 1.7 13
Trisopterus minutus (Poor cod) 330 1.0 68
Citharus linguatula (Spottet flounder) 375 1.1 67
Diplodus annularis (Annular sea bream) 441 1.0 17
Solea vulgaris (Common sole) 170 1.0
Mytilus galloprovincialis (Mussel) 54 L5 1979

6
7

8
10

11
12

Pagellus erythrinus (Red pandora)
Pagellus erythrinus (Red pandora)
Merluccius merluccis (Hake)
Pagellus acarne (Axillary sea bream)
Pagellus acarne (Axillary sea bream)
Pagellus erythrinus (Red pandora)
Pagellus erythrinus (Red pandora)
Pagellus acarne (Axillary sea bream)

532
24

211
347
397
235
154
39

1.0
1.0
1.0
1.0
1.4
1.6
1.1
1.0

124
134
346
20
17
27
49
26
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SIZE-FRACTIONATED, INTER-TIDAL SEDIMENTS FROM STRANGFORD LOUGH
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Fine-grained sediment samples were collected at a number of inter-tidal sites in Strangford Lough
(Fig. 1) located on the north-east coast of Ireland in September 1997. Each was analysed for 137Cs,
238Pu,239>240 Pu and 241Am content. The concentrations of certain naturally-occurring, y-emitting
nuclides, including *°K, 214Pb, 226Ra and 228Ac, were also recorded. High-resolution particle-size
analysis was carried out in triplicate on field-moist sub-samples from these sites using a Malvern 2600
laser diffraction analyser. The resulting distributions were tested for uniformity of sampling using
software designed for the purpose. A typical distribution is shown in Fig. 2.

The data showed that, with two exceptions (locations 13 and 14), the samples could be classified
as silt/mud. Nevertheless, significant variations were observed in the particle-size distributions at some
of the silt/mud sites. Differences in measured 137Cs, ̂ Pu , m2A0 Pu and 241Am content have been related
to these size variations.
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FIG. 1. Location of sediment sampling sites, Strangford Lough (September 1997)

In an attempt to quantify the association of the above radionuclides to defined size fractions,
approximately 20 kg of surficial sediment from location 3 were wet-sieved into the following size
fractions: >250 yon, 250-180 îm, 180-150 |im, 150-106 |om, 106-63 ym, 63-53 fim, 53^5
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45-32 urn, 32-20 |xm and <20 \xm. These fractions were then analysed for their !37Cs, 239-24Opu and
24lAm content, as before. The results confirm that radiocaesium, plutonium and americium uptake by
sediments is strongly correlated with particle size (surface area), being greatest for the smallest (less
than 20 urn) size fraction.

To evaluate the teachability of radiocaesium, plutonium and americium from the various size
fractions, sequential leaching experiments were carried out using internationally recognised protocols.
The results suggest little or no differentiation in the binding of these radionuclides to the various size
fractions, an observation supported by mineralogical analysis.

PL,

Size (|i.m)

FIG. 2. High-resolution particle-size distribution in sediment sampled at location 3 (as determined by
laser diffraction analysis)
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Assessment of doses to the Thai population due to ingestion of seafood.

P. Polphong, Y. Panyatipsakut, P. Chaysang, W. Changmuang, Y. Tumnoi, T. Ittipoonthanakorn

Radiation Measurement Division, Office of Atomic Energy for Peace, Bangkok, Thailand.

Owing to the large fraction of present internal dose expected to be contributed by anthropogenic

radionuclide Cs-137 and naturally occuring Po-210 in seafood, several species of marine biota were collected

during 1991-1996 selected from species most commonly consumed by the local population. Thailand has two seas

located on both sides of it southern tip : one is the Gulf of Thailand which a part of South China Sea and the other

is Andaman Sea which is part of the Indian Ocean , the species of marine biota were selected to be duplicated of

both seas. Twenty to twenty five kilograms wet weight of each species was taken from Sumut Prakan seafood

market which is a big seafood distributor close to Bangkok represent seafood collected from the Gulf of Thailand

and Ranong seafood market which is a seafood distributor in the southern part represent seafood collected from the

Andaman Sea.

Categorized the samples in to three groups , first group will consitting of all varities of fishes ( pelagic

and dermasal fishes ) , second group only Shrimp and third group will included of Squid , Bloody Cockle and Sea

Mussel. Cosumption rate of Thai population for each group of seafood mentioned were 5.566,1.369 and 1.146 kg/y

respectively (1).

Activity of Cs-137 and Po-210 in marine biota has been analysed by method described in Ref. 2,3. Results

of the Cs-137 activity in marine biota ranged fron 0.02 Bq/kg in fish ( Rakegilled Mackerel) to 0.37 Bq/kg in fish

( Snapper ) , and for Po-210 ranged from 0.94 Bq/kg in fish ( Threadfin bream ) to 73.56 Bq/kg in Bloody

Cockle. The dose have been calculated using the formula

Where DCa/Po is the annual committed effective dose equivalent from Cs-137 or Po-210 due to ingestion of

food (Sv/a), Cp is the concentration of Cs-137/Po-210 in the food sample (Bq/kg) , DCF is the dose conversion

factor for exposure to Cs-137/Po-210 from ingestion (Sv/Bq), I, is the ingestion rate (kg/y) and G, is the fraction of

the ingested food arise from a contaminated source. Using a default value of G, = 1 , and DCF recommened by

ICRP publication 67 , 1.4x10 Sv/Bq for Cs-137 and 1.2x10 Sv/Bq for Po-210 , the results obtained are presented

in Table 1.

The individual doses from intake of Cs-137 and Po-210 in marine food ranges from 1.41x10" jiSv to

3.06x10 jiSv for Cs-137 and 31.66 uSv to 232.92 uSv for Po-210 , collective effective dose equivalent was

estimated from 0.31 man-Sv to 0.72 man-Sv for 137Cs and 1078.71 man-Sv to 7766.79 man-Sv for 21°Po.
210

The results confirm that the dominant contribution to dose comes from natural Po in fish and shellfish,

and that the contribution of anthropogenic Cs is negligible. The results obtained provide information on

radioactivity levels in the South China Sea and Andaman Sea and on doses to Thai population through ingestion of

seafood.
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Table I Estimated Effective Dose Equivalent and Collective Effective Dose Equivalent of Thai population for Ingested

of Marine Biota Collected from the Gulf of Thailand and Andaman Sea

Nuclides

Cs-137

Po-210

Species

Fish

Shrimp

Shellfish

All

Fish

Shrimp

Shellfish

All

Consumption

Rate (Kg/y)

5.57

1.369

0.879

7.818

5.57

1.369

0.879

7.818

Effective Dose Equivalent (Range)

(HSv)

Gulf of Thailand

1.0x10"3-1.7x10"2

3.83x10"4-9.58x10"4

2.46x10"5-6.15x10"4

1.41x10'3-1.86x10"2

6.28-146.25

3.62 - 9.08

21.76 - 77.59

31.66-232.92

Andaman Sea

5.00x10'3-2.80x102

3.83x10"4-2.0x10"3

4.92x10"4-6.15x10"4

5.88x10"3-3.06x10"2

9.69 - 88.23

16.35-20.03

14.43-47.00

50.16-155.26

Collective Effective Dose Equivalent

(man-Sv)

Gulf of Thailand*

0.25 - 0.42

0.01 - 0.02

0.001 - 0.02

0.26 - 0.46

79.56 - 3626.93

90.10-225.52

540.56-1927.49

710.22-6490.16

Andaman Sea**

0.04 - 0.23

0.003 - 0.02

0.004 - 0.01

0.05 - 0.26

115.77-724.16

134.24-166.59

118.48-385.88

368.49-1276.63

* Estimated from people living in the Middle, Northern and Eastern part of Thailand

** Estimated from people living in the Weastem and Southern part of Thailand
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An Operational Oil Spill model for the Levantine Basin
(Eastern Mediterranean Sea)
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Accidental oil spills in the sea and in the coastal waters are a matter of great
environmental concern due to their impact on various coastal resources and
marine activities. The basic response to an oil spill in the marine system
employs different measures and appropriate equipment to combat it. The
efficiency of such marine operations depends greatly on the prediction of the
movement and weathering of the oil. Such predictions are greatly enhanced
by the application of numerical models to forecast:

a) where the spill will most likely move to,
b) which resources are threatened,
c) how soon it will get there and
d) what will look like when it arrives.

To fullfill the above objectives a numerical oil spill model (MEDSLIK) for the
Cyprus and Levantine Basins has been developed and is currently being
used at the above Laboratories of the Department of Fisheries. The
MEDSLIK model incorporates the following transport, fate and weathering
processes of the oil. The oil is considered to consist of a light evaporative
component and a heavy non evaporative component. Emulsification is also
simulated, and the viscosity changes of the oil are computed according to the
amounts of emusification and evaporation of the oil. The dispersion of the oil
into the water column (caused by the influence of wind-induced waves),
coastal impact and adhesion, transport of slick by the ambient wind and
mechanical spreading are also considered.

The fate algorithms in the model are those of Mackay [1,2] which have
received extensive experimental calibration in the past. The transport
algorithm has been calibrated based on an analysis of observational data
from the movement of drift buoys that were designed to imitate the movement
of oil [3], while the spreading algorithms use a modification of the Fay
formulas [4,5] that again is emperically based [6].

The MEDSLIK oil spill model requires as input data the date, time, location
and duration of the spill (either the rate of spillage or the total volume of the
spilt oil). The type of oil is entered either by selecting from the REMPEC
database of oil characteristics or via its API number in case the oil name is
unknown. The wind speed and direction at the spill site are entered either as
constants for the period of simulation or as a table of values.
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Sea state conditions are computed internally based on the wind field. The
sea surface temperature is obtained, according to the time and location of the
spill, from an included hydrological dataset of the Levantine Basin.

The particles of oil in a spill are transported by the water in which or on which
they are situated. In the Mediterranean Sea there are two dominant
mechanisms that drive the water currents, the surface forces provided by the
winds and the gravitational forces induced by variations in water density. The
model incorporates a database of background 3D currents computed from a
comprehensive set of temperature/salinity data measured under the CYBO
project [7] combined with similar data from the MEDATLAS database [8].

The model allows the user to investigate the effect of deployment of booms
on the spill. This model component provides critical assistance in the
decision where best to deploy booms.

The model has the capabilities of incorporating its own GIS containing
information on commercial fisheries activities, and industrial, recreational and
environmental resources in the coastal zone of the Levantine Basin.
Several scenarios of accidental spill at different coastal sites have been
simulated in the coastal sea area of Cyprus within the framework of the
national contingency plan to combat accidental oil pollution in the near
coastal sea areas. The application of the MEDSLIK model will, we hope,
assist in the effective and timely response to future marine oil pollution
accidents in the Levantine Basin that should certainly benefit all the coastal
nations in the region.
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THE ACTIVITY AND THE DEVELOPMENT OF RADIOECOLOGY MARINE
LABORATORY IN INDONESIA.
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ABSTRACT

THE ACTIVITY AND DEVELOPMENT OF RADIOECOLOGY MARINE

LABORATORY IN INDONESIA. Geographically Indonesia lies between 2 occeans

(Pasific and Hindia) and 2 continentals (Australia and Asia), more than 2/3 of the territorial

are marine. Indonesian marine has a big potential to be polluted from terresterial and

marine activities. The radioactive pollutions especially comes from nuclear bom test,

transportation of nuclear materials, dumping radioactive waste into the sea and the

operations of NPP by neighboring countries in the future. According to the future of

Indonesian marine condition that may be happen, Indonesia needs to develop Radioecology

Marine Laboratory (RML) in the perimeter of Indonesia territorial. In this paper, the

radioecology results studies in Muria peninsula as NPP site candidate during fiscal year

1997-1998 are reported.
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The Eastern Harbour (EH) of Alexandria is a semicircular basin generally
surrounded by Alexandria (Egypt). It is sheltered from the sea by an artificial
water break, leaving two openings through which the harbour water is freely
connected with the neritic Mediterranean water. The EH is affected by untreated
domestic sewage disposal of the northern part of Alexandria, beside considerable
amounts of waste products from fishing and recreational boats and vessels (Fig.l).

Vertical water samples were collected seasonally at different locations in
the EH. Millipore membrane filter paper were used for determination of total
suspended matter (TSM) and separation of dissolved from particulate copper
fractions. The TSM samples were subjected to a chemical sequential leaching
technique (Tessier et_ al., 1979) for determination of exchangeable (F^) , bound
to carbonate (F2), bound to Fe-Mn oxides (F3) bound to organic matter/sulphides
(F4) and residual (F5). Replicates showed high reproduceability below 10%.

The TSM Data are important with regard to distribution of particulate copper
(PCu). The distinct peak of TSM in November reflects the high bottom values.
Because the environmental impact of a particular metal species may be important
than the total metal concentration (Sibley & Morgan, 1975), copper partitioning
patterns in the EH were studied to determine the metal sources, geochemistry,
associations and availability for biota. In the EH, the order of abundance of
copper concentration in the fractions were F5 > F4 > F2 > F3 > F^, with relative
contribution of 60.5 > 14.91 > 9.46 > 9.42 > 5.7% of the total PCu.

Copper was less partitioned towards Fl5 reflecting the more solubility of
this fraction relative to other associations. The highest level of F^ was found
at the western location, due mainly to the high turbidity derived from refuge of
fishing boats and ships. The significant positive correlation found between pH
and F2 in the surface and middle water layers and not dn the bottom water layer
coincided in the main with biological activity. The annual mean F2 was slightly
high, although the EH was affected mainly by sewage discharge with high organic
load. High F2 values were observed near the harbour opening and at its central
part, reflecting the geochemical nature of the bottom sediments. According to
El-Sayed et al., (1980), the silty sand deposits covering the centre of the EH
and extending to its opening had high values of carbonates (70-80%). The minimum
regional F2 averages at the western and southern regions of the EH might be due
to the effect of boatyard and sewage outfalls in diluting the inorganic fraction
(Abdel-Moati, 1990). The fraction F2 was lower in winter and higher in summer,
possibly from the decrease in phytoplankton in cold season accompanied by an
increase in CO2 content, which solubilized the carbonate fraction. Data of each
F^ and F2 were statistically treated , using stepwise regression model (dependant
variables ) against the different environmental parameters affecting their values.
The equations of multiple regression showed that pH and dissolved oxygen have
affected the F]_ distribution, while temperature was the main factor affecting the
distribution of F2, as it influences the CO2 system.

The high concentration of F3 in the surface water shows that particles of
Fe/Mn oxides are important terminal scavengers in the surface layer. El-Sayed &
El-Sayed (1980) reported high levels of particulate Fe and Mn in the surface
layer of the EH. There was a well defined trend in the spatial distribution of
F3, with highest concentration at the shipyard and sheltered location. Seasonal
variations of F3 illustrate a marked spring maximum and an autumn minimum,
reflecting biological processes.
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F4 indicates that organic fraction of TSM originated mainly from sewage
derived organic particles. The vertical profiles of F4 showed a considerable
increase in the middle water layer . The significant negative correlation
between F4 and particulate organic carbon in the middle layer indicates that
F4 is dependent on living organisms rather than detritus. According to Aboul-
Kassim (1987), the living fraction constituted in the EH about 70% of the total
organic particulate. The lowest values of F4 were found during winter, when
biological activities were reduced.

The F5 fraction gave a slightly low concentration in the surface, increased
to a maximum in the middle depth and then decreased towards the bottom. Highest
regional averages of F5 were found in the central and western areas (Shipyard)
of the EH, contributing 67 and 63% of the total PCu, respectively.
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THE RED ALGAL GRACILARIA VERRUCOSA (HUDS) PAPENS
AS AN INDICATOR FOR METAL POLLUTION IN THERMAIKOS

GULF (GREECE)

P. MALEA, S. HARITONIDIS

University of Thessaloniki, School of Biology, Department of Botany, P.O. Box
109, 540 06 Thessaloniki, Greece

T. KEVREKIDIS

Democritus University of Thrace, Department of Education - primary Level, GR
-68100, Alexandroupoli, Greece

Thermaikos Gulf (Aegean Sea, Greece ) receives pollutants from direct
urban effluents (containing Cu, Zn, Fe and Ca) from the industrial zone of
Thessaloniki city and the sewage of 1.200.000 inhabitants of Thessaloniki. Since
1992 only 30% of these wastes had been treated in the sewage plant. Effluents
from Greek activites are also discharged into Thermaikos Gulf through 4 rivers.
Axios river also translers pollutants from Yugoslavian activities.

Seasonal samplings of the red algal Gracularia verrucosa (Huds.) Papens,
of the sediment and seawater from three stations (Nea Krini, Biamyl, Perea)
distributed along the coast of Thermaikos Gulf were made. Iron, Pb, Zn, Cu and
Dc concentrations in the algal and sediment after wet digestion and in the
seawater were measured by flameless AAS (Perkin - Elmer ?????)

The concentrations of all metals in the algal and the seawater were
distributed uniformly (p> 0.05) among the stations (Kru seal-Wall is analysis).
Lead, Zn and Cu concentrations in the algal were higher in Biamyl station, of Fe
in Nea Krini and of Cd in Perea. Lead and Cu concentrations in the sediment
demonstrated significant (p<0.01) local distribution; the concentrations of all
metals in the sediment and of Pb in the seawater were higher in Biomyl station.

There is a number of shipyards around this station while metals are likely to
be ti'ansported from the industrial zone towards this station due to the direction
of sea currents.

Significant seasonal variation (Kruscal - Wallis analysis) demonstrated Cd
and Fe concentrations in G. Verrucosa (Fig. 1), Zn concentrations in the
sediment and Dc, Cu and Pb ones in the seawater. Copper and Fe content, in
the algal increased from winter to summer, whereas those of Cd followed an
opposite pattern (Fig.1). Zinc concentrations in the plant were minimum in
spring, whereas Pb ones were .higher in spring (Fig.1).

The variation of Cu, Fe and Zn in the algal seems to reflect the variations of
the above metals in the sediment and the variation of Cd in the plant followed by
the variation of Cd dissolved in the seawater. High concentrations of Cu and Fe
in G. verrucosa reported in summer when biomass was at a minimum [2],
resulted in decrease of these metals per mass unit due to their dilution [eg.3].
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Cooper and Fe concntrations in the algal increased with tissue-age [e.g.1],
whereas Cd ones decreased with plant-age[4]. The high levels of Fe, Cd and Zn
in summer-fall can also be attributed to the fact that during these months plant
photosynthesis and respiration are more intense thus enhancing algal metal
uptake [5].

Cadmium and Pb concentrations in G. verrucosa in this study exceeded
those in this or other species of the genus from other areas [6,7] and Fe and Cu
levels were higher than those in the species in this area from previous study [8].
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CONTRIBUTION À L'ÉTUDE DE LA POLLUTION PAR QUELQUES ÉLÉMENTS
MÉTAU JQUES DES SÉDIMENTS DU PORT D'ARZEW - ALGÉRIE.

M. Mami(l> cl iï Bcrkane®

Historiquement, la pollution des eaux marines a commencé en toute logique à se développer
dans les parlies hypcr-industrialisécs des côles, la part de responsabilité d'une industrialisation
forcenée s'clanl avérée essentielle dans l'apparition des phénomènes de pollution destructeurs.
Nous noU3 sommes donc, proposés de quantifier les teneurs en quelques elements métalliques (Zn,
Cu. I*b. Cr. Mn, Fe cl Cd) des sédiments du port d'Ar^cw ainsi que le dosage du carbone organique
cota). La 7X>ne portuaire d'Arzew reçoit en ciï'et les rejets urbains el industriels de la ville d'Ai/rw.
De plus, il existe une importante zone industrielle qui occupe une large frange, du littoral du golfe
d'AiZAîW.

Le prélèvement des sédiments superficiels s'est fait par benne preneuse de type "VAN-VEEN" selon
une maille préétablie. L'échantillonnage n'a concerné que In crème de vase (dépôts superficiels sur
environ 01 cm) et a été réalisé à l'aide d'une spatule en P.V.C.. L'échantillon ainsi prélevé est
aussitôt congelé, puis lyophilisé avant d'etre broyé dans un mortier en Agate. Nous avons procédé
ensuite à l'attaque à l'eau regale des échantillons sous une colonne à reflux, à 45°C durant 04 heures
(minéralisation), LCÔ ions métalliques sont de ce fait dissociés du sédiment et se retrouvent en
solution. Cette dernière est filtrée, puis passée au Spcctromèlre d'Absorption Atomique pour le
dosage des différents ions métalliques.
Les teneurs en métaux qui ont été mesurées ont alors été reportées sur la carte du port pour mieux
visualiser leur répartition géographique et traitées statistiquement pour faire ressortir le maximum
d'informations.
Les résultats ainsi obtenus ont montre que les concentrations les plus élevées un Cu, Zn et Pb se
rencontrent au niveau d'une des stations du bassin n° 1 (B12/3), située à proximité du port de pêche
et des émissaires urbains de la ville d'Arzew. Les fortes variations des teneurs en Cu, Zn, el Pb
notamment (ces éléments étant associés) dans ce secteur (bassin n°l) par rapport à celles
enregistrées au bassin n*3 témoignent bien de l'existence de sources localisées.
Les trois éléments métalliques étant nettement corrélés enlre eux (0.77<R<O.f)O). Ou assiste; donc,
dans le bassin n°l et plus particulièrement au niveau de la station H12/3 (sédiment relativement
grossier : dépôt sablo-vaseux dont la charge polluante est importante) à un piégetigc rupide des
polluants dès leur émission en mer.
En effet, les teneurs maximales rencontrées au niveau du bassin n°l et leur répnrtition indépendante
de lu granulométrie peuvent fournir un indice de pollution. Si Ton excepte le secteur
(nassin n°l), des teneurs élevées en Cu, Zn et Pb sont également rencontrées au niveau du
n°3, corrélatives là aussi des concentrations élevées en Carbone organique. Par contre, on note un
net enrichissement en fraction fine (0< 40u,m) par comparaison aux dépôts du bassin n°l. En eflel,
les dépôts y sont essentiellement vaseux (75 à 90% de lutites).
L'enrichissement en métaux des dépôts du bassin n°3 peut être, d'une pan le résultat d'une
contamination par les apports de Oued El-Mahgoun qui alimente en matériel fin les basaiti* 2 el 3.
bji effet les eaux usées domestiques et industrielles sont rejetées dans l'oued et par là dans le
deuxième bassin. D'autre part il pourrait être lié à l'activité portuaire à l'intérieur du bassin n°3 où il
existe trois postes de chargement d'hydrocarbures sur lu jetée secondaire.

111 Cuiui: Uc Développement Jv» Tcohnisu»= Nuclé.ire., COTM/DDW. ?.. Brf. V. binon. UV Î99 AlÊcr-ftare IdOOO • ALGERIE.

(J> lnslitul d«« Sciences de lu Tcnt / UnlvcrcitC «les Sciences m Tmhiiulu);)» (US'Ilm),.
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Enfin, les concentrations relèvement foiblca en Cu, Zn, Pb et C,^. mesurées au niveau de la passe.
du port sont la conséquence directe d'uti appauvrissement en fraction fine (lutites).
Concernant la deuxième association d'éléments (Cr, Fc et Mn) et a J'inverse du premier groupe,
leurs concentrations sont dans l'ensemble peu variables et les teneurs les plus élevées apparaissent
au niveau du bassin n°3. Ces elements à l'exception du Mn montrent une affinité avec la phase
organique du sédiment, muis également et plus particulièrement avec la fraction la plus fine du
depot (silts fins). Ceci est en accord uvee les teneurs élevées en fraction politique observées au
niveau du bassin n°3.
Celte étude préliminaire, bien que réalisée sur une vingtaine d'échantillons, nous permet d'avoir
l'image actuelle de l'état de la pollution au port d'Arzew et d'envisager l'origine possible des
polluants ainsi que les solutions y afférentes.
J.cs concentrations élevées en éléments métallique» observées notamment en Cu, Zn et Pb, leur
répartition indépendante de la granuloméuie des dépôts et la présence des principaux rejets d'eaux
résiduaircs (directs ou indirects), ainsi que l'activité portuaire (pnrt de pêche, postes de chargement
des hydrocarbures, vidange et nettoyage des navires) attestent d'une origine principalement
onthropique des métaux analysés ainsi que de la matière organique.
Dnns ce seeteur soumis donc à l'influence majeure des rejets d'eaux usées el de l'activité portuaire.
les dépôts sédimenlaires contiennent divers polluants et plus particulièrement le plomb en quantité
notable.
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Time dependent phase associations of iron and other trace elements elucidated
by 234Th/238U inventories in tropical coastal waters

R. Szymczak
ANSTO Environment Division, PMB 1, Menai, NSW 2234 Australia

The in situ oxidation of iron plays an important role in the scavenging and subsequent
particulate-phase transport and removal of other trace elements from coastal waters.
Thermodynamically, the chemistry of iron in seawater is relatively well understood,
conditions heavily favouring the formation of Fe(IlI) oxyhydroxides. However, a range
of time dependent processes may induce significant departures from the anticipated
equilibrium conditions, or severely retard the approach to equilibrium. Light has been
shown to reduce and solubilise iron under acidic laboratory controlled conditions [1],
suggesting that ferric oxyhydroxides can, in principle, be photoreduced in seawater.
However, the tendancy is for photoproduced Fe(II) to remain at the particle surface
forming a coating of relatively soluble amorphous iron oxides which limits major
increases in solution phase iron [2]. Another complicating factor is the apparent ability
of light to influence the size distribution of iron oxides, demonstrated in both
laboratory and field experiments [2].

An understanding of time dependent particle formation and scavenging processes has
been developed through observations of disequilibrium in the naturally occurring
isotope pair 2'8U and 2'4Th. 2>4Th with a half-life of 24.1 days and high affinity to bind
with seawater particles, provides an excellent tracer to study processes with temporal
ranges from days to months.
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Figure 1. 2"'SU and 2 4 gamma activities in PNG coastal seawater

In this study samples were collected in the Gulf of Papua region of PNG, on board the
research vessel Franklin as apart of a multidisciplinary study of factors influencing the
fate of terrestrial material entering the tropical coastal ocean. Samples for " Th were
collected using a in situ large volume pump device (Challenger Oceanic) passing
seawater (1000-200 litres) through a series of cartridge filters in polycarbonate
housings. The cartridges and analytical techniques id detailed elsewhere [3]. Trace
metals samples were collected from an inflatable using teflon-lined 5 litre Niskin G0FI0
samplers (General Oceanics) suspended by a polypropylene rope and polyethylene
encased lead weight. Duplicate samples were immediately returned to the research
vessel for filtration and extraction in a Class 3.5 containerised clean laboratory using an
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C-18 Sep-Pak immobilised 8-hydroxyquinoline technique and ICP-MS detection [3].
Final iron determinations were performed by Zeeman GFAAS.
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Figure 2. Proportion of total iron on particles less than 0.2um

In the Gulf of Papua residence times of particles, deduced by 234-thorium/238-
uranium inventories (Fig. I) varied from less than 1 to more than 20 days. The particle
size distribution of iron (Fig. 2) was observed to vary according to residence time in
surface waters, with increased illumination retarding particle formation, favouring the
persistence of a more reactive fine fraction (<0.2um). Concentrations of several
dissolved trace elements were observed to increase with increasing residence times of
particles (Fig. 3), allowing for greater illumination of incident particles, persistence of
fine particles with high surface area for release/uptake of metals, saturation of available
sorption sites and retardation of scavenging, resulting in higher incident metals
concentrations as the rate of supply exceeds the rate of removal.
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IMPACT OF A COAL FIRED POWER PLANT
ON 226Ra ACTIVITY LEVEL IN SEA WATER

G. MAROVIC, J. SENCAR
Institute for Medical Research & Occupational Health, Radiation Protection Unit,
Ksaverska cesta 2, P.O. Box 291, HR-10001 Zagreb, Republic of Croatia
E-mail: marovic@imi.hr

The study conducted by the Radiation Protection Unit, Institute for Medical
Research and Occupational Health, Zagreb, aimed to determine radioactivity
contamination originating from a coal fired power plant which, due to its location,
may present a remarkable environmental problem. The plant is situated in a bay
of the Adriatic and the consequences of its operation may affect rich marine
ecosystem characteristic for this part of the Croatian Adriatic. In addition to this
proximity of the densely populated city and touristic importance of the area make
it necessary to pay an increased attention to the environmental impact of the
plant. Investigations of coal used in regular plant operation and of solid
incombustible ash and slag showed increased natural radioactivity levels which may
cause general environmental contamination of the bay as well as contamination
of the marine environment of this part of the Croatian Adriatic [1].

Radioactivity level related to the plant and associated environmental risk
should be determined in order to develop a suitable disposal system or to
introduce a new technology that will meet the regulatory or environmental
protection requirements of the region.

The coal with higher radioactivity level that has been prevailingly used over
the past few years resulted with more active ash and slag. Subsequent to regular
operation of the power plant ash and slag are continuously dumped into a basin-
like closed area and surplus water overflows directly into the sea.

Determination of radioactive contamination required analyses of four
different types of samples: basin water, sea water at the site of overflow and sea
water collected at two sites at some distance from the deposit basin.

226Ra was determined by
alpha spectrometric measurements
using silicon charged particle
detector. The counting time for
each measurement was 60.000
sec or longer.

Figure 1 shows 226Ra
specific activity in waste-deposit
basin water. Different 226Ra
specific activities correspond to
different radioactivity levels
determined in the coal
depending on the kind of coal
and different mining locations
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Figure 2 shows correlations obtained for 226Ra specific activity in the samples of
sea water and basin water, and basin water and water at the point of overfow
from the basin.
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FIG.2. Ra specific activity in
sea water and water at the
point of overflow in correlation
with basin water

In the samples of sea water in the bay mean 226Ra concentration was
51.3±29.2 Bqm3 which is an order of magnitude higher than 226Ra concentration
in the Mediterranean Sea (3.7 Bqm'3), as well as in the open Adriatic sea far
from the plant deposit site [2].

All obtained data can be used as a valuable data base for future
estimations of the impact of radioactive pollution to the marine environment and
developmental prospects of the region.

References

[1] MAROVIC G., KOVAC J. and FRANIC Z. Impact of Technologically
Enhanced Natural Radioactivity on Marine Environment in Croatia. The
Second Regional Mediterranean Congress on Radiation Protection, Tel-Aviv,
Israel, Symposium Proceedings. 1997: 291-294.

[2] United Nations Environment Program (UNEP). Assessment of the State of
Pollution in the Mediterranean Sea by Radioactive Substances. UNEP (OCA)
MED WG. 25 Athens, 1991.

555



IAEA-SM-354/173P XA9951420

IMPACTO AMBIENTAL DE LA INDUSTRIA MESERO-METALÚRGICA SOBRE
EL ECOSISTEMA MARINO EN MOA, CUBA.

M.C. Marta Martínez Canals y Lie. Pedro Garcia
Instituto de Oceanología. Agencia del Medio Ambiente. Ministerio de Ciencia, Tecnología y

Medio Ambiente.

Se establecieron los niveles de contaminación de once metales, Al, Cd, Co, Cr, Cu, Fe, Hg,
Mn, Ni , Pb y Zn en los sedimentos de fondo (superficiales), agua de mar y organismos del
acuatorio marino (erizos verde y blanco, jaibas, ostiones y hojas de mangle), empleando la
espectrometría de absorción atómica (con llama y corrección de fondo, SP-9, UMCAM),
vapor frío (Hg) y de plasma inducido (SPECTRO) y se compararon con los resultados de las
muestras analizadas (12) por espectrometría de fluorescencia de rayos-X (se utilizaron
fuentes de excitación de Cd-109 (A- 14,1 mCi) y Fe (A= 18,9 mCi), con un detector de
Si(Li), con 7 um de ventana, 120 cm de volumen sensible y una resolución energética, de
197 eV, amplificador espec(rométrico, ADC para el acople de todo el sistema a una IBM-PC
y para la adquisición de datos se empleó el sistema APTEC). Como análisis
complementarios se determinaron el pH y la salinidad del agua supradyacente al fondo
marino así como, el contenido de carbono orgánico, CO, pH y la granulometría del
sedimento.
El alto valor de la línea base de concentración de la fracción biodisponible es un factor
preocupante en especial en la Bahía de Cayo Moa, ya que estos elementos se encuentran en
un estado químico que les permite pasar con relativa facilidad através de la cadena trófica
hasta el hombre (Tabla). Los resultados empleando la técnica de fluorescencia de rayos-X
no presentan diferencias, en cuanto a la relación de las varianzas (prueba F), a los obtenidos
por espectrometría de absorción atómica, a excepción del Cu. El resultado de las
componentes principales para loa individuos o estaciones fue similar al del dendrograma,
pudiéndose perfilar los puntos más alterados de cada grupo. En los sectores más afectados
por el impacto antrópico se detectaron contenidos de Co, Cr, Cu, Fe, Mn, Ni y Zn de 4 a 28
veces mayores a los de zonas consideradas como limpias.
La dinámica de contaminación metálica de los sedimentos superficiales al transcurrir 8 años
mostró un mejoramiento de la calidad ambiental (Martínez-Canals et al., 1993; CESIGMA,
1997, Tabla). Al comparar los índices de microcontaminación (Papakostidis et al., 1975),
calculados con los establecidos en 1989 para las mismas estaciones, se aprecia que los
valorea como conjunto son muy similares (1989=5.83; 1996/1997=5.10), aunque los valores
absolutos varían. Es preocupante que en 3 de las áreas muestreadas en 1996 y 1997, los
índices de microcontaminación hayan aumentado varias veces en relación a 1989 (E-6=3.1,
E-9=17).
La estación correspondiente a la desembocadura del Río Moa presentó las máximas
concentraciones en agua de mar de AI, Cr, Fe, Mn y Zn, Tabla. AI comparar las
concentraciones en las aguas de mar con las de los sedimentos en las mismas áreas, se
observó que la relación de concentraciones entre las dos matrices es inversamente
proporcional.
Los ostiones fueron los organismos que presentaron los mayores contenidos metálicos
(máximos de Al, Fe y Zn), en especial los colectados en Las Camariocas (índice de
microcontaminación=5.65). El erizo blanco, Tripneustes ventricosus, presentó en el
carapacho los valores máximos de Cr, Cu y Mn. Los contenidos metálicos en las hojas de
mangle son inversamente proporcionales al estado de salud de la planta (los mínimos
corresponden al área donde el manglar es alto y vigoroso y viceversa).
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Tabla I. Concentraciones metálicas en los sedimentos superficiales (expresadas en ug.g ).

Método instrumental empleado: Espectrometría de piasma inducido y absorción
at ondea y vapor frió para el caso del H g

SEDIMENTOS
1996-1997

Cu Fe Hg Mn Ni
35.8 4271.2 0.10 1513.9 807.9

AGUA SUPERFICIAL
Cu Fe Hg Mu Ni

0.04 0.10 0.02 0.28 0.05
1988-1989

Co Cr Cu Fe Mn Ni Zn
155.2 1874.5 57 29700 10528.3 1360.5 168.1

Método instrumental empleado: Espectrometría de fluorescencia de ray osX
ELEMENTO X INTERVALO ELEMENTO X INTERVALO

Al
6316.3

Al
0.63

Cd
3.5

Cd
0.26

Co
70.4

Co
0.03

Cr
654. J

Cr
0.05

Pb
61.1

Pb
0.7

Zn
228.3

Zn
0.02

Al(%)
As
Br

Ca(%)
Cl(%)

Cr
Cu

Fe(%)
K
Mn
Zr

1,7
17,0

215,3
19,3
5,9

2747,4
269,5
14,9

1288,0
2122,3
41.1

0,4-
2,8-

34,3-
0,5-
0,6-

287,0
67,7-
U-
11,0-
68,6-
4.4-

3,7
36,0

• 136030
32,0
13,6

- 8620,0
738,0
44,5

3760,0
13000,0

91.0

Ni
Pb
Rb

S(%)
Si(%)

Sr
Ti
V
Y
Zn

1193,2
46,7
7,2
0,3
T 7

2402,8
938,0
145,4
45,4
217,1

135,0
10,6 -
0,7-
0,1-
0,3-

36,8 -
0,3-
21,5 -
1,0-

47,3-

-4400,0
159,0
13,4

0>9
7,9

4600,0
3911,0

385,0
452,0
565,0
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Distribution of 129i: Evidence for World-Wide Influence of Nuclear Fuel Reprocessing

U.Fehn and G.Snyder, Dept. Earth and Environmental Sci., U. of Rochester, Rochester,
NY, 14627, USA
J.E.Moran, L-231. P.O.Box 808, Lawrence Livermore National Lab. Livermore, CA 94550, USA

lodine-129 is one of the radioisotopes which have seen significant increases in the
environment since the beginning of the nuclear age. Other prominent representatives of
this group include tritium, C and ^Cl. Most members of this group have gone through a
cycle of initial release (associated mainly with atmospheric bomb tests during the late fifties
and early sixties) and subsequent decay (e.g. T) or dispersion (e.g. 14C and ^Cl) so that
their concentrations are again close to pre-anthropogenic levels. 129I has, however,
remained at significantly elevated levels even after the stop of nuclear weapon tests. The
main reasons for this behavior are a combination of long half-life (15.7 Ma), relatively low
natural abundance (e.g. Fehn et al., 1986) and significant contributions from anthropogenic
sources other than nuclear weapons tests. While during the early development of nuclear
power stations, 129I was frequently released during routine operations, the current high level
of this isotope is most likely related to the continuous release from the reprocessing of
nuclear fuel (e.g. Rao and Fehn, 1997; Moran et al., 1998).

Given the specific behavior of 129 I , it is not surprising that this isotopic system has
been frequently mentioned as a potential tracer in young aquifers, of ocean circulation (e.g.
Schink et al., 1995; Santschi et al., 1996; Yiou et al., 1994) and as tracer for the origin of
organic material in marine sediments (Moran et al., 1996). The further application of this
isotopic system depends critically on a sound understanding of the distribution and
pathways of anthropogenic 1 2 9 I . A number of studies have looked at the distribution of 129I at
a specific site (e.g. Wagner et al., 1996; Schink et al., 1995) or associated with a specific
source (e.g. Rucklidge et al., 1994; Rao and Fehn, 1997). We present here a compilation
of 129I concentrations in fresh waters on a world-wide basis. Typical sample size for the
determination of 129I concentrations and 129I/I ratios surface water samples was between
500 mL and 1L. Iodine concentrations were measured either using ICP-MS or ion
chromatography. For the determination of 129I/I ratios, carrier iodine was added to the
samples in order to collect at least 1 mg of Agl . Ratios reported here were measured
using the AMS system of PRIME Lab (Purdue University).

The majority of the data were collected in North America, but we have now also data
from many other parts of the world, including results from the southern hemisphere. The
lowest concentrations of 129I were found in the Arctic, western coastal areas of North
America and in New Zealand. Concentrations (given here in (129I atoms)/^iL) in these areas
are typically below 10 atoms/|iL, with the lowest concentration found so far in Lake
Wairapapa, NZ (0.34 atoms/^L). Levels determined in other parts of New Zealand, in
Australia, Costa Rica and Washington State are between 1 and 10 atoms/^iL . In contrast
to these relatively low levels, concentrations found in the eastern United States and
Canada as well as in Europe are considerably higher, typically by factors between 10 and
100. The highest values were measured near reprocessing plants, as for example near

West Valley in Western New York State where concentrations reach values above 105

atoms/nL (Rao and Fehn, 1997).
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The distribution of 129I clearly indicates that this radioisotope is still significantly
above pre-anthropogenic concentrations on a world-wide basis. Even the lowest values
found so far are still two orders of magnitude above the calculated level for pre-
anthropogenic 129I in water. An estimate of the total amount of bomb-produced 129I is too low
to explain the observed levels of 129I in both hemispheres. In the northern hemisphere, the
pattem of distribution is strongly dominated by releases from reprocessing plants while
active nuclear power plants do not seem to have a major impact on the distribution of 129 I .
The observation that elevated levels of 129I are also found in the southern hemisphere even
in areas without any history of nuclear activities (e.g. New Zealand) indicates that the
distribution of 129I releases from reprocessing plants has a strong and persistent influence
on the world-wide concentrations of this radioisotope.
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ARTIFICIAL RADIONUCLIDE CONTENTS IN THE
COASTAL REGIONS OF THE BARENTS, KARA AND

WHITE SEAS
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Biological Institute, 183010, Vladimirskaya St., 17, E-mail: mmbi@mun.rospac.ru

Large number of objects of radiation danger is situated in the coastal waters of the
Barents, Kara and White seas, so the probability of accident connected with the leakage of
artificial radionuclides into the marine ecosystem is higher here than in other areas. E.g. naval
and civic ships with nuclear power installations and the attendant infrastructure are based in
several inlets of the Kola Peninsula. Potentially dangerous areas of the Kara Sea are represented
by the bays and inlets on the eastern coast of the Novaya Zemlya where the multitude of
containers with solid radioactive wastes and also several reactors with unloaded nuclear fuel are
buried. Besides, the probability of penetration of artificial radionuclides exists also for the Ob
and Yenisey Bays from the sources situated in the upper parts of corresponding rivers and their
tributaries.

The data used for the present work were collected in the field researches in the Kola and
Motovsky bays in 1995-1997, in the Pechenga Bay - in 1996, in the Ob Bay of the Kara Sea - in
1996 and in the White Sea - in 1997. Besides, the earlier data collected in the international

expedition of 1992 on the RV «Dalnie Zelentsy» to the Pechora Sea (that is the south-eastern
part of the Barents Sea) were used [1] (Fig.l). Bottom sediments mainly were sampled during
these expeditions and also several water and algae samples were taken. Granulometric
composition of bottom sediments was determined for the study of artificial radionuclide
accumulation conditions.

The content of ^^Cs in the water samples of the Kola and Motovsky Bays was from 4,7
to 8,0 Bq/cub.m and the same of ]34Cs - less than 0,3 Bq/cub.m.

The content of l^Cs in the bottom sediment samples taken far from the sources of
contamination varied from 1-2 Bq/kg dry weight in the sediments with the prevalence of sand (to
90%) and to 26 Bq/kg dry weight in those with the prevalence of clay and alleviate. ^Co was
observed in the samples in all the area of Kola and Motovsky Bays from tracing quantities to 1-2
Bq/kg. However, the content of artificial radionuclides somewhat increases near the sources of
contamination: 137Cs to 45 Bq/kg, 60Co to 27 Bq/kg. Besides, I54Eu to 123 Bq/kg and }52Eu
to 55 Bq/kg were registered in the Kola Bay a short way off the basing place of atomic ice-
breakers [2].

The content of artificial radionuclides in the algae (Laminaria sacharina, Fucus
vesisculosus) collected along the Kola Peninsula in the Barents Sea was 0,45-2,3 Bq/kg raw
weight for l^Cs [3]. It may increase 20-40 times in the near vicinity of the sources of discharge
of artificial radionuclides (where the atomic ice-breakers are based). Other radionuclides
discharged by these bases were observed here also.

The research conducted by us revealed the real picture of impact of the radiation
contamination sources on the coastal areas of the Barents, Kara and White Seas.
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The dynamics of pollution of the bottom ground deposits (BGO) of the

Azerbaijan shelf of the Caspian sea.
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The studied ground! are reproduced widely by the different weekcemented formations ot

modern age. Their power served as a measure of pollution along the bottom dapth cut or the

deposits achieving maximum In Baku bay (8,6rn). They are backed by more dense fundamental

rocks practically aterile from pollutants. The dominate pollutants of the BOD In the region are oil

hydrocarbons, the content of wich reacn up to 226,0 mg/g. Fenols yield them significantly by

quantity, then detergents, metals and other admixtures.

Along the south direction of the Sea coast of Azerbaijan tne BOD pollution differ by

increreased concentration of pollutants near the industrial objects and populated area. By the

middle content of hydrocarbons in BGD one can distinguish three areas : the clean northern

(0,07 mg/g) and Southern (0,22 mg/g) and the most polluted central (around Absheron peninsula)

parr (4,6 mg/g).

The surface layers of the studied BOO (0,0 - 0,5 m), are exposed to season vibrations,

with Increasing of the pollutant content In Winter (1,10 mg/g) and autumn (0,26 fftg/g) and

decreasing in rvprino (0,31 mg/fl) A»J In summer (O.ifi mg/g). In Baku bay ,the most poliutiorwl

part of the Sea. It Is observed In the same consistency but more considerably: In COld (108,1 -

23,1 mg/g) and warm (35,0 • 20,1 mg/g) seasons of year. In this area one can trace * decrease ef

the ni| concentration with depth along tne BOO cut (26,9 - 0,0 mg/g).

The content of natural components In the BOO as well as Its power along the depth

vertical are lowered to analytical zero with the removing from the coast line and sources of

pollution (liobots 0 -100 m) toward open sea. At the same time some pollutants are selectively

accumulated in BGD depending of their granulometrical structure and physical properties. For

example In Baku bay the biggest quantity of oil hydrocarbon (103,7 mg/g), wars discovered In

slimes, less In sands (0,78 mg/g) and clays (0,21 mg/g).

According to the laboratory experiments, the degree of absorbtlon of pollutants by BGD

Is Increased together with Increasing its clay contents (< 0,006 mm). At the same time

dasorbtlons of the oil admixtures In watsr is Increasing with the decreasing of the dlaperslvtty In

sand soils.

The deformation of the BOD under hydrotechnical works and stirring up as a results ot

strong winds and sea-way are caused the secondary pollution at small depths of the studied

areas.

The many years changes of content of the oil hydrocarbon In BOO of the region are

characterised by falling of It* average figures from 70,6 mg/g to 0,28 mg/g in the period of

observations from 1878 to 1994 years.
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Antipolis, 06108 NICE cedex 2

239-240 and 238 plutonium, 241 americium and 137 cesium were introduced in global

environment systems from a series of nuclear weapons tests that started about 45 years ago

[1]. For cesium the accident of Chernobyl in 1986 increased the fallout.

European terrestrial and aquatic sites show a wide range of environmental

concentrations and flux of the radionucides fallout. As contributions from existing nuclear

industry are still very limited, the mentioned variations in plutonium and americium levels are

obviously related to large scale and long term forcing process. Such processes are poorly

understood especially when considering the diversity of European freshwater systems [2],

In this study, we present results concerning the activity concentrations of Am,
239-240 238 137

Pu, Pu and Cs in lake sediments. Bulk cores for radionuclide inventories and high

resolution cores for depth distribution are analysed.

The plutonium and americium analysis were made by alpha spectrometry [3-4] and

cesium analysis by gamma spectrometry [5]. But for americium and plutonium a radiochemical

separation and extraction are necessary before the measurement.

An useful method is applied with a preconcentration step by calcination, acid nitric

leaching and ferric coprecipitation. The separation is made with an anionic exchange column in

acid nitric medium. Americium, iron, rare earth, radium, polonium, uranium passed through the

column. Thorium is eluted with hydrochloric acid and plutonium with hydrochloric acid +

ammonium iodide.

The americium fraction is also separated by a radiochemical process using an oxalate

coprecipitation, a liquid-liquid extraction with HDEHP or DDCP, a double ion exchange

column (cationic + anionic) and then an ion exchange column in acid - methanol medium.

Solutions are then electroplated on stainless steel disks.
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With these results, we have compared the behaviour of plutonium, americium and
238 239-240

cesium. Vertical profiles for these elements are shown and isotopic ratios ( Pu/ Pu,
239-240 137_ 241 239-240 v „ ,

Pu/ Cs, Am/ Pu) are calculated. The migration and mobility of the elements in

the sediments and their activity concentrations according to different sites in the lake

(catchement area, accumulation basin) are studied.

Activity Bq/kg
0 2 4 6 8 10 12 14

Figure 1. vertical profil of 23 9-240 plutonium
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Carbon and nitrogen stable isotope ratios for understanding trophic structure
in the Seto Inland Sea, Japan.
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Carbon and nitrogen stable isotope ratios (8 13C and 8 15N) in the biosphere are very useful for

analyzing trophic structure, because 8 " c and 8 15N are indexes of food source and trophic levels. We

examined 8 13C and S l5N in zooplanktons and fish collected in the whole area of the Seto Inland Sea, Japan,

in order to clarify trophic structure.

The zooplankton samples were collected by vertical towing with a plankton net (mesh opening of 100 //.

m) in the whole area of the Seto Inland Sea during 1993 -1995. These net-plankton samples were separated into

species by pipette technique before storing at -20°C. Suspended particles were collected during 1993 -1994 in

the Osaka Bay. Fish samples were also collected in the Osaka Bay and Aki Nada by fishing net during 1994 -

1995. For the fish samples, we separated only fish muscles, then stored at - 2 0 ^ . These samples were freeze-

dried before analyzing.

These samples were measured for 8 13C and 8 15N by on-line analytical system jointing stable isotope

analyzer (Finnigan Mat, Mat 252) and elemental analyzer (Carlo Erba NA-1500), after freeze dried (Mishima and

Hoshika, 1995).
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Fig.l Carbon and nitrogen stable isotope ratios ( S 13C and S 15N) of herbivorous (Calanus sinicus) and

carnivorous (Saggitta spp.) zooplanktons at the each sea area in the Seto Inland Sea.

Figure 1 shows the S 13C and 8 15N value of the typical herbivorous (Calanus sinicus) and carnivorous

(Saggitta spp.) zooplanktons in the each sea area of the Seto Inland Sea. The 8 13C of C. sinicus in the Osaka

Bay were observed most high value (more than -16%), and those in the AkiNada and IyoNada were low values

(-22%o). In general, the 8 I3Cof C. sinicus tend to be high in eastern part of the Seto Inland Sea. The 8
!5N of C. sinicus in the eastern parts of the Seto Inland Sea were also higher (nearly 10%o) than those in the

western parts ( nearly 7.5 %o).
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The o 13C value of C. sinicus depend on the prey. In the eastern part of the Seto Inland Sea, where is

eutrophication area, the high values of 8 I3C of these herbivorous zooplanktons were effected by prey

phytoplanktons caused high primary productivity (Takahashi ctal.,1991). Generally, 8 15N value is known as

the index of trophic levels. However, the § l5N values of the C sinicus were different in different area of the Scto

Inland Sea. It was considered that 8 1SN value of this C sinicus was depended on the 8 1SN value of their food.

Therefore 8 i5N of the C. sinicus was varied at the sea area effected by prey phytoplanktons caused difference

of nutrient sources for growth. In the Scto Inland Sea, we need to concerned on the trophic level estimation of

higher trophic level organisms by using stable isotope technique.

The 8 I5N oiSaggilla spp. tend to be high compared with C. sinicus. Moreover the difference between

Saggitta spp. and C.sinicus were observed in different sea areas and seasons. These results show the lower

trophic structure in the Seto Inland Sea were different in the sampling site and season.

Figure 2 shows the relationships between

8 13C and 8 15N of paniculate matter,

zooplankton, fish, fish larva and sediments on

summer and winter seasons in the Osaka Bay.

In this figure, the length of bar means standard

deviations. In summer season, the 8 C and

8 15N values were not different between

particulatc matter and C. sinicus, and between C.

sinicus and Saggitta spp. On the other hand,in

winter season, the 8 '"N values was significantly

difference. These results suggested that a very

complex food web existed in summer season

containing microbial food web, but a simple

grazing food web existed in winter season.

20
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10

Anchovy larva
(Uec.1993)

ISaggitta (Scp.1993)

.Csinie.us...(Dcc.m3)

Csinicui,• (Sep. 1993)
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Fig.2 Carbon and nitrogen stable isotope ratios

( S 13C and 8 I5N) of particulate matter, C. sinicus,

Saggitta spp., fish, fish larva and sediments in

summer and winter seasons in the Osaka Bay.
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The importance of analytical quality assurance and quality control, especially for low-
level radionuclide measurements, has long been recognised by international organizations
such as the International Atomic Energy Agency [1]. Since the early 1970s, the IAEA's
Marine Environment Laboratory at Monaco has provided a large number of intercomparison
samples and reference materials covering a wide range of marine matrices and concentration
ranges. However , comparatively few international intercomparisons have been carried out on
sea water containing low-levels of anthropogenic radionuclides and large-volume samples of
such reference materials (e .g. , IAEA-298 Pacific sea water) are seldom readily available.

With the initiation of the EC-supported Arctic Marine Radioecology (ARMARA) project
in late-1995, the need to ensure comparability of radionuclide measurement in sea water
between the participating laboratories became apparent, as extensive data sets obtained in the
course of separate expeditions using different preconcentration and radiochemical techniques
were combined for modelling purposes.

Accordingly, the collaboration decided to undertake the analysis of a large-volume sea
water sample in order to check the internal consistency of its sea water data. Sample
collection and distribution was carried out by the Bundesamt fur Seeschiffahrt und
Hydrographie (Hamburg). Each participant laboratory received 600 litres of North Sea
surface sea water collected from aboard the R . V. Gauss on the 3rd of November 1996 at 55°
2 3 . 0 ' N , 04° 3 0 . 0 ' E . The well-mixed nature of these waters during this season of the year,
together with the special precautions taken during the filling of the individual containers
ensured, in so far as was practicable, the homogeneity of the sample set.

The radionuclides measured included *%, Tc, l 3 7Cs, 238Pu, 2 3 9 -M Op u and 241Am, though
not all of the participants committed themselves to analysing each one of these nuclides. In this
paper, the results for 137Cs, 238Pu and 239i240Pu are presented (Fig. 1), together with a statistical
analysis of the data and some pertinent comments on the results.
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Briefly, the means submitted by the participants were tested for outliers using the Dixon
test. Mean and median values were then calculated from all of the results passing the test. These
values were considered to be the most reliable estimates of the unknown true values. Confidence
intervals were taken from a non-parametric sample population [2] and represent a two-sided
interval at a significance level of 0.05.

137

Of the thirteen values reported for Cs, only one (M) was rejected as an outlier. The
range of accepted laboratory means is 10.4 - 15.0 Bq m"3; the median is 12.6 Bq m"3, with a
confidence interval of 11.9 - 14.1 Bq m"3. In the case of 239'240Pu, nine laboratories have
reported their results to date. All passed the outliers test. The range of laboratory means is
14.0 - 19.8 mBq m"3, and the median is 16.7 mBq m"3, with a confidence interval of 14.0 -
19.0 mBq m*3. For both 137Cs and 239'240Pu, the mean of the reported values was very similar
to the median, indicating a near-symmetrical probability distribution of the parent population.
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FIG. 1. Reported 137Cs and 239>240Pu means in the ARMARA sea water intercomparison. The
dashed lines indicate the 95 % confidence intervals in both cases

The agreement between the results submitted by the participants in this internal exercise
is considered to be satisfactory given the low activity concentrations involved, and indicates
that radionuclide concentrations measured by different laboratories using various radio-
chemical and radiometric techniques are comparable, provided good analytical quality control
is in place in each laboratory. An indication of the overall quality of the data can be obtained
from the widths of the confidence intervals around the respective medians [1], Comparison of
our values with those obtained in IAEA-organized intercomparison runs shows that our values
are in line with those generally considered to reflect good quality data.
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The first Brazilian Nuclear Power Plant (Angra-I) is located at Itaorna beach, municipality
of Angra dos Reis, State of Rio de Janeiro, southeast region of Brazil. It is 133 km distant
from Rio de Janeiro and 216 km from Sao Paulo. It is a Westinghouse pressurized water
reactor (PWR), 626 MW of power. All condenser cooling water is discharged into
Piraquara de Fora inlet located at Ribeira Bay. A second unit, a KWU unit, 1300 MW of
power is being constructed at the same place, and is supposed start operations in the near
future.
The knowledge of the dispersion pattern of the radionuclides released with the liquid
effluents of both units is of prime importance to assess the potential doses to be incurred by
local communities and to establish the operational limits that will regulate the radionuclide
concentrations in the liquid effluents.
The objective of the present paper was to model the dispersion of radionuclides discharged
with the liquid effluents of the nuclear power plants of Angra dos Reis in order to give
elements to assess the committed dose incurred by the population in case of normal
operation and in accidents. Presently, only results of13 Cs will be presented.
The study area was divided into 10 compartments (boxes). For each compartment a sub-
compartment representing the bottom sediments was attached to the boxes, The box-model
code developed by Hallstadius (1985) [1] was adopted.
Table I shows the volume of each box, the water flow, the mean current velocity at each
transversal section and the estimated transfer coefficients among the compartments.
It was assumed an instantaneous release of 1 x 1012 Bq of 137Cs at Piraquara de Fora. The
removal rate for 137Cs was estimated adopting a Kd value of 500 L/Bq [2] and an average
suspended solid concentration of 5.2 mg/L.
Model results revealed that the bottom sediments of Piraquara de Fora (where the effluents
are released) would be the most important sink of B7Cs in comparison to sediments from
the other boxes. The total activity in sediments of Piraquara de Fora tends to increase
sharply in the very first moments after the release. The model predicts that after the first
day from the release the total activity stocked in the sediments would be equal to 2.07 x 108

Bq. From this moment on, the increase is a rather slow process. The increase in Cs
concentration in bottom sediments will depend mostly on sediment removal rate in
comparison to absorption equilibrium time onto suspended particles. Model predictions
indicate, however, that the total activity retained in the bottom sediments will not be
significantly greater than 3.08 x 108 Bq after the 30th day. For the other boxes, a low
increase is observed. After the 30th day, Ribeira Bay, Japuiba and Bracui Inlets would
present total activities not greater than 6.01 x 107 Bq. Paniculate I37 Cs is exported from
Ribeira Bay to Sepetiba Bay passing through the Ilha Grande Channel. However, the
amount of radioactivity stocked in the sediments of Ilha Grande Bay Box and in the
Atlantic Ocean Box is virtually null after the 30th from the discharge. Still, after the 30Th

day from the release, 9.66x 1011 Bq have left the Ribeira Bay boxes, only 3.36 x 1010 Bq
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can still be found in it, corresponding to 3.0% from the total amount released. From this
amount, 1.6% would be stocked in the bottom sediments.
The results suggest that the 137Cs and probably other radionuclides released with the
nuclear power plants effluents will be efficiently exported to the open ocean and that the
amount of radioactivity stocked in bottom sediments of Ribeira Bay boxes will be very low
in comparison to the release amount.

Table 1 - Current velocities and transfer coefficients at Ribeira Bay Compartments

Box
Number

1

2
3
4
5

6

7

8

9

10

Box Names

Piraq. de
Fora

Bracui Inlet
Ariro Inlet

Japuiba Inlet
Ribeira Bay

Una Grande
Bay

Ilha Grande
Channel

Sepetiba
Bay

Atalntic
Ocean

Itaorna Inlet

Box
Volume
(Km3)
0.018

0.14
0.08
0.04
0.43

26.5

3.1

4.9

3.5xl08

0.23

Water Flow
(km3)

0.0297

0.0249
0.0041

0.00544
0.02965
0.02488
0.00441
0.00544
0.12485

0.12485
0.18576
1.3392

0.18576
0.79834
1.14761
0.79834

1.3392
1.1476
0.4001
0.4001

Mean
Velocity
(cm/s)

2.2

1.6
0.6
0.5
2.5

5.0

10
10
10
10

10
10
13

Boxj-Boxj

1 > 5

2 > 5
3 > 5
4 > 5
5> 1
5 > 2
5 > 3
5 > 4
5 > 6

6 > 5
6 > 7
6 > 9
7 > 6
7 > 8
7 > 9
8 > 7

9 > 6
9 > 7
10 > 6
6 > 10

Transfer
Coefficient

(d-1)
1.6753

0.1767
0.0547
0.1432
0.0686
0.0576
0.0102
0.0126
0.2890

0.0046
0.0069
0.00496
0.0587
0.2522
0.3626
0.1509

3.8xlO9

3.3xlO9

1.7210
0.0148
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DISTRIBUTION AND TRANSFER OF DISSOLVED TRACE METALS IN THE
NORTH AEGEAN SEA

A. MORIKI, C. ZERI, V. ZERVAKIS and D. GEORGOPOULOS

National Centre for Marine Research, Aghios Kosmas, 166 04, Athens, Greece

Sampling for trace metal analysis in the North Aegean Sea took place from 13-25 May
1997 with the R/V Aegaeo. Samples were collected from 12 Go-flo bottles attached to
the rosette-CTD system and were filtered through 0.45 um membrane filters, on-
board, under a nitrogen atmosphere. Precautions were taken during handling of
samples to minimise contamination. The samples were acidified and carried back to
the clean laboratory for further analysis. A preconcentration step using the chelex-100
resin followed. Trace metals were determined on a Perkin-Elmer AAS equipped with
a HGA-700. The recovery of the resin and the accuracy of the measurements were
tested using a spiked seawater sample and NASS-4 reference seawater. Copper and
nickel have been determined in three stations IR-43 (LAT 400400, LONG 253300)
IR-16 (LAT 403900, LONG 253600) and IR-11 (LAT 403900, LONG 242400) and
the results were related to the salinity-temperature data. The aim of this work is to
study the distribution of trace elements in the North Aegean Sea and to identify
possible trace metal enriched water masses.
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FIG. 1. T-S diagrams from three stations in the North Aegean Sea and copper
concentrations in May 1997.

The North Aegean Sea is the region where the Mediterranean receives waters from the
Black Sea through the Dardanelle Straits. The low salinity waters from the Black Sea
enter the Aegean as a surface current, forming a strong frontal structure in their
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boundaries with the lightly saline and warm Mediterranean waters. In May 1997 CTD
data were collected along with samples for dissolved trace metal analysis. At that
time, the current Black Sea inflow was limited to the top 25 m of the water column,
while a mixture of Black Sea water that had entered the Aegean during the previous
winter and salty Mediterranean water occupied the layer between 30 and 100 m. The
depths between 100 and 300 m were occupied by highly saline (~39.1%O) water of
levantine origin and the deeper layers by locally formed waters.
In Figures 1 and 2, temperature-salinity diagrams are presented for the three stations
along with the values of copper (in nM) and nickel (in nM) respectively.
Black Sea water seems to be associated with higher values of both copper (~4 nM)
and nickel (-7.5 nM). Riverine water (surface water at station IR-11) has relatively
enhanced values (3.72 and 4.18 nM, for copper and nickel, respectively. However,
metal distribution was quite uniform in the other water masses (Black Sea winter
water and Levantine origin water). Copper concentrations ranged between 2.21 and
3.72 nM and nickel between 3.47 and 4.15 nM. These values fall among the levels
reported by other reserchers for the western Mediterranean [1]. Further analysis and
correlation with other oceanographic data are under investigation.
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FIG. 2. T-S diagrams from three stations in the North Aegean Sea and nickel
concentrations in May 1997.
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The first pollution problem of the waters, that a nuclear power
plant impose to the environment, or certainly that of the greatest
difficulty of environmental type with which stumbles its site, it is
the heat emission, since it affects mainly the biotic component of the
ecological systems.

The direct measurements of the environmental impact of thermal
discharges in natural waters are not possible during the design and
construction stages of each project. Because of this, reasonable
approximations of the interaction of the thermal discharges with the
environment should be adopted in order to obtain a useful baseline for
the managing of this impact.

The article's main goal is to present the results of the evaluation
of the impacted area due to the cooling waters releases by Juragua
Nuclear Power Plant (in construction), using hydrodynamics modeling
that describe the probable temperature profiles in the marine
environment adjacent to the site.

For the study was developed a three-dimensional mathematical model
based on the Regulatory Guide 4.4 of Atomic Energy Commission of the
United States of America [1], as well as of the model of Paul and Lick
[2].The model solves the time-dependent, three dimensional equations of
motions for a viscous, heat-conducting fluid. The model incorporates
several external force factors that affect the dispersion process of the
discharge waters among those are underlined the action of the wind,
Coriolis force, and the heat exchange in the water - air interface.
They are incorporated into the model the vertical and horizontal
coefficients of thermal diffusion and eddy viscosity whose values ranges
have been reported by the international scientific literature and its
applicability in modeling of transport phenomena has been proven.
Furthermore the approximation of Boussineq, the hydrostatics
approximation, as well as relative approximations to the case in study
are applied.

It is concluded that the released water is cooled with an
approximate intensity of 5-6 °C within a small portion of the aquatic
zone adjacent to the place of the exit channel. The subsequent cooling
of the heated water is developed in all the external area of the heat
flow and depends in greater or smaller degree on the direction and speed
of the winds. The probability of occurrence of recirculation phenomena
in winds presence with minor speeds of 5 m /seg. in anyone of the
possible directions, is very low. The next figure present the surface
isotherm plots for thermal discharge in winds presence with 5 m/seg and
W direction.
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QUANTITATIVE ASPECTS OF INORGANIC NUTRIENT FLUXES IN GAZI BAY
(KENYA): IMPLICATIONS FOR NEARSHORE COASTAL ECOSYSTEMS
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ISAAC O. JUMBA
University of Nairobi (UoN), Nairobi, Kenya

The quantitative aspects of dissolved inorganic nutrients: NH/, NO2, NO3, PO4' and
Si(OH)4 in Gazi Bay, a well flushed tropical bay in Kenya, were studied from November 1994 to July
1995. The main objectives were to: (a) determine the influence of benthic fluxes, external sources
(fluvial discharge) and seasonal variations on the nutrient budget in the Bay waters and (b) establish the
relative importance of these nutrient sources with regard to total community production in the Bay.
Mean benthic nutrient fluxes(1>2) within the Bay and mean river nutrient discharges^ into the Bay,
during the dry and wet seasons, were used as the main quantitative criteria in this study.

Fluxes of dissolved inorganic nutrients from nearshore sediments of Gazi Bay were measured
in situ within mangrove, seagrass and coral reef biotopes using benthic flux bell-jar chambers of cross-
sectional area 0.066m2 and volume 0.0132m3. The mean seasonal fluvial nutrient discharge into the
Bay from two input rivers (Kidogoweni and Mkurumuji) were also determined.

The directly measured fluxes ranged from -270 to 148 uM N/m2/h., -60 to 63 JIM N/m2/h., -79
to 41 uM N/m2/h., -79 to 75 ^M P/m2/h and 30 to 350 uM Si/m2/h for NH4+-N, NO2"-N, N03"-N,
PO4 ~-P and Si(OH)4-Si respectively. Within experimental uncertainty, these values are in agreement
with those theoretically calculated00 from interstitial sediment-water nutrient concentrations.

Estimates indicate that benthic fluxes are the major sources of dissolved inorganic NHT, NO2'
and Si(OH)4 while fluvial sources are important for NO3* and PO43 into Gazi Bay waters. The different
treatments of the benthic bell-jar chambers have no overall effect on the nutrient fluxes. Seasonal
variations have an appreciable effect on the PO43" fluxes, N:Si ratio, river nutrient discharge, plankton
productivity and important environmental factors such as .salinity and temperature of the nearshore
areas within the estuarine vicinity of Gazi Bay.

The different nutrient flux magnitudes and directions within Gazi Bay reflect the possibility of
the different biotopes found in the Bay acting concomitantly in mutual antagonistic terms with respect
to source/sink function for some nutrients. The results imply that benthic fluxes are largely responsible
for the nutrient dynamics of the nearshore coastal ecosystems especially where direct terrestrial inputs
do not contribute significantly to the nutrient budget.
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Trace metal is removed by scavenging processes in river, ocean, etc.,
especially coastal area. The scavenging reactions are occur with inorganic and
organic colloidal matter. Their colloidal matters are so called carrier. Inorganic
colloid is very important for scavenging reaction. The inorganic colloid is almost
composed by some transition metal ions. But scavenging mechanism were not
explained till now. The carriers compose not only single kind of metal ion but
also many kinds of metal ions multi metal ions colloidal matter. For example
Fe-Al-SiO2 colloidal matter so called multi-dimensional component hydroxide
matter. It seems that scavenging process in natural water systems are occurred
with the multi-dimensional component hydroxide matter. The reaction and
structure of multi-dimensional component hydroxide matter were studied.

(1) Single component Coprecipitation processes of selenium with iron(III)
hydroxide, aluminum(III) hydroxide and multiple component hydroxide of
Al(III), Fe(III) and Si(IV) carriers respectively were investigated. Samples were
prepared the various systems of carrier components by heterogeneous
precipitation (The method was precipitated with adding acid and alkaline solution
in carrier component solution at pH1.5) and flash precipitation (The method was
flash precipitated with adding carrier component solution at pH1.5 and then
solution on pH adjusted 1.0~13.0). Distributions of particle size fractions in the
precipitates were filtrated with membrane filter (pore size: 3.0, 0.3 and 0.05/*m,
respectively). Metal ions of carrier and trace element in the samples were
measured with Hitachi model 1000 III Inductively Coupled Plasma Atomic
Emission Spectrometry (ICPAES).

(2) Double and multi component system Distributions of the particulate size
fractions were varied with variation of pH. The results are shown Fig. 1 such as
mono, duality and tertiary system of Fe(III), Al(III) and Si(IV) sample solution
systems by the flash precipitation method. In Fe-Al mixed system the colloid of
Fe(III) ion by the flash precipitation was given small size particle in the pH range
from 4.0 to 6.0. But hydroxide aluminum(III) is dissolved in that pH range. In
the case of the pH range from 8.0 to 12.0, the results suggest, that. Hydrolysis
of Fe(III) component are caught Al(III) hydrolysis species and then precipitate.
The precipitation matter is considered to form heterogeneous poly nuclear
complex between Fe(III) and Al(III) ions. The precipitation matters are formed
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small colloidal state at the pH range of 4.0 to 6.0. Because of the ion radius and
degree of dissociation has little difference. At the multi component carrier
system, Si(IV) and Se(IV) were precipitated for various particle size precipitation
matters. The results suggest Si(IV) is a product of heterogeneous poly nuclear
complex which is good agreement with structure of aluminosilicate.

(3) River water system River water samples were collected from the Aidu
River system, Wakayama Prefecture, Japan in November of 1996. The water
samples were filtrated by membrane filter (0.3/im pore size) and then filtrates
were separated by Sephadex G-15 gel filtration (molecular weight cut off 1500).
Separated samples were measured with Hitachi model Z-9000 Atomic
Absorption Spectrometry (AAS) and Jasco V-520 UV/V1S Spectrophotometer.
Results of the river water samples by gel filtration existed hydroxide carrier at
the upper stream (Fig. 2). Hydroxide carrier in the river was characterized by
various factors, pH, water temperature, ionic strength, concentration and
chemical species of hydroxide products, etc. It follows the carriers of hydroxide
are shown to exist at heterogeneous poly nuclear complex in this river system.
The scavenging process of materials in natural water with hydroxide is indicated
by controlling for trace elements at coastal environment.

. 1 Effect of pH on particle size distributions of iron and aluminum
in Fe(III), AI(IIl), Si(IV) and Se(IV) mixed solution.
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Application of Radioisotope Tracer Technology to the Development and Validation of
Computational Models for Sediment and Contaminant Transport in the Coastal Zone
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Australian Nuclear Science & Technology Organisation (ANSTO)
Private Mail Bag 1 Menai, NSW 2234, Australia

The role of radioisotope tracer techniques in support of coastal engineering has changed over the
years. In the past tracers were one of the important sources of basic information in the
investigation phase. Now, the primary tool in such investigations is the numerical or physical
model and tracer techniques are used for model validation. Although the role of tracers has
changed, their importance in model validation has grown with the ever-increasing reliance on
model predictions for engineering and environmental decisions.

As the demands on the models grow, it is becoming increasingly important to understand the
fundamental bases on which they are based. Indeed, the need for enhanced understanding of
sediment and contaminant transport under extreme sea conditions and over extended scales of
space and time is the major driving force behind the technology because only with radiotracer
technology can actual observations be made on sediment movement over the long periods (up to
one year). This is necessary if there is to be a reasonable prospect of capturing the impact of
extreme storm events etc. Such observations are essential for model validation.

Fig 1. Behaviour & Fate of Deepwater Outfall Sewage
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However, predicting sediment and contaminant transport in the coastal zone is difficult because
of the complexity of hydrodynamics and water-particle interactions. It is also because wastes
usually are not homogeneous, instead, they usually are composed of a variety of particles with
different densities and are not uniformly diluted. A discharge frequently takes the form of the
turbulence is modified by ambient flows (such as coastal or estuarine currents), the presence of
boundaries (such as the sea bed or surface), or density stratification, which may occur in estuaries
and coastal waters. Further difficulties occur when municipal and industrial managers using
multiple jets from multiport diffusers try to estimate mixing zone dilution.

Although some mathematical models are available for predicting hydrodynamics in the ocean,
their reliability sometimes, particularly when particles are to be introduced, is questionable
because of the lack of fundamental knowledge about the mechanism of fluid-particle interactions
and of particle turbulent dispersion itself. Some scale-model studies of specific cases were
conducted in the laboratory. However, the laboratory studies cannot simulate all flow features.
Thus, field studies using radioisotope tracer technology are necessary to provide verification of
computational models for sediment and contaminant transport in the coastal zone.

Figure 2. In situ technique for sewage plume tracer study

<w

In this study performed in the Sydney coastal zoneand adjacent continental shelf, a number of
important questions associated with the fate of the contaminant transport from the ocean outfalls
will be addressed through a systematic work of radioisotope tracer measurements coupled with
chemical and physical oceanographic measurements. The tracer study will provide unique data
for the validation of computational models developed in parallel by the research. Focus is given
to dynamic processes relating to the fate and chemical behaviour of particles and associated trace
element contaminants. Tracer experiments are used to elucidate in situ kinetics of flocculation
and particle formation processes and how these relate to dispersion and transport; (de)soprtion of
particle associated chemicals; speciation changes along the plume track; sedimentation; sediment
transport along the continental shelf and the influnce on subsequent diagenisis processes.
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Radioactivity of some alpha, beta and gamma emitting radionuclides in surface marine sediments
of different Bays in Algeria.
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Samples of surface (0-15) cm marine sediments of different grain sizes, namely sand, muddy and fine sand, were
collected in the western, central and east coast of Algeria, to measure concentrations of natural and artificial
radioactivity. The aim of this study is to detect any radioactive contamination, its origin and also to determine
the uptake of radioactivity by marine surface sediments.Using a combination of direct gamma spectrometry,
radiochemical separations, alpha-spectrometry and beta-counting, activity levels of the most significant
naturally-occurring (2l0Po, 210Pb, ^'Ra^tc.) and artificial radioisotopes (l37Cs, ^Sr and Pu isotopes) were
determined in the samples. The gamma-emitting radionuclides were determined using GeLi detectors and two
different geometries, namely, 500 cm3 Marinelli and 250 cm3 plastic cylindrical form beakers. For the alpha and
beta emitters, after dissolution of the samples, radiochemical separations were undergone. The source of
plutonium isotopes was prepared by coprecipitation method on a 0.1 um pore size membrane filter (Larosa,
1992). Regarding the '"Sr, the chemical recovery was determined by gravimetry and the final source was
measured by liquid-scintillation-counting (LSC) (Vajda, 1992).

The analysis revealed measurable quantities of artificial radioisotopes,239*2''0 Pu (0.3- 0.6), l37Cs (0.6 - 9), and
"°Sr (1.4-7.4) Bq Kg-1 dry mass and showed natural radioactivity ranging from (12 - 128), (7 - 28), (5 -35 ),
(5 - 42), (11 -48), (127 - 632), (60 - 131), (52 - 118) Bq Kg 1 dry mass, for 22*Ra, 2I4Pb, 214Bi, a 'Ac,212Pb, 40K,
2l0Pb and 210Po, respectively. The values of the average concentration of radioelements are given in Table 1.
Origin of the radioactive contamination, and the uptake of radioactivity by some marine sediments, are
discussed and compared with other published data. The 137Cs, '"Sr and 239+240Pu, in the sediments are clearly
observed, and concentration ratios of 137Cs to 239+240pu, and 238Pu to 239+240Pu, which are around 17.5 and 18
respectively, are used to determine eventually their origin. Regarding the uptake of radioactivity, the level is
seen to be correlated with the variations of the finest sediments (Delle Site, 1984) and (Ivanovich, 1982).
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*Please note that this Table is related to the paper entitled " Radioactivity of alpha, beta,.... in marine sediments

Table 1. Average value of activities (Bq kg"1 dry mass) of some alpha, beta and gamma radionuclides in marine surface sediment from different
Bays along the Algerian coast.

Sampl. Date of Nature 226Ra 2l4Pb 214Bi 210Po 210Pb 228Ac 212Pb 40K 137Cs 90Sr 239Pu 238Pu
Locat. Sampl. ofsed.

Bay of 1992 muddy 107±30 18±3.5 23±5 85±2.5 94±3.0 31±7 25±4 472±90 8±2 3.5±0.9 0.47±0.2 0.031±0
Ghaza- .018

ouet

Bay of 1993 muddy 78±20 16±3 26±4 26±6 25±4 404±70 5.0+1.1
Ghaza-

ouet

Bay of 1993 Differen 40±5 15±2 15±2 20±3 32±3 312±36 2+0.4
Algiers t nature

Bay of 1990 Differen 80±14 26±3 25±4 32±5 45±5 421±54 10±l
Bejaia t nature
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Distribution of '^7Cs in surface and deep water in the central part of Algerian Littoral
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A total number of 18 surface and deep seawater samples of volume of 60 1, were collected from 13 stations during September
1997, along the Algerian littoral, between Algiers (36°49.9N/03°02.3E) and Cherchell (36°39.4N/02o12.4E), at a distance of
100 Km, by the Environmental Laboratory, LEIR, on board M.S. Benyahia (ISMAL). Among these samples, 8 surface
seaweater samples (2m depth) were collected at a distance of about 4-5 miles from the shore, and the 5 others on a
transection reaching a depth of 500 m. The remaining 5 samples were collected at different depths of the water column,
ranging from 30 to 350 m. For the surface seawater, the sampling was performed using a pump system, however, for the
depth seawater, a 25 and 50 1 PVC water-bottle samplers were used. The determination of the sampling depths, was based
upon the measurement of vertical profiles of temperature, salinity and pH, using a multiparameter probe.
In addition to this sampling, and in order to retain Cs isotopes, surface seawater was continuously filtered along different
parts of about 20 miles, at a distance of 4-5 miles from the seashore through a system of two lOum cotton cartridges
mounted in-line, and initially impregnated at the Laboratory with CuFC [1].

The collected samples were analysed to determine the '37Cs concentrations, using the AMP technique [2], and the chimical
yield was calculated using the injected ^^Cs isotope tracer activity. After chemical pretreatment, the AMP precipitates
obtained were transfered to an appropriate plastic container, and oven-dried at 80°C for 24 h, in order to be counted.

As for the CuFC cartridges, they were air-dried and then ashed at 420°C for 48 hours. The chemical recovery was
determined from the activities ratio of the two filters.
Both samples were analysed by direct counting gamma spectrometry, using a high purity Germanium detector of relative
efficiency of 20.6 % and resolution (FWHM) of 1.8 keV at 1332 keV gamma-energy of 6 0Co.

For the determination of detection efficiency, two standard samples were prepared in the geometries of analysis, using
caesium isotope tracers (~ lOBq) and COPDEC software for density corrections.

The results obtained from this work are given in Table 1.

Concerning the surface seawater, the concentrations range from 2.3 to 3.2 Bq.m"3, and the average value is around 2.6
Bq.nr^. After comparison with the litterature [3], it was found that our average concentration value is close to that of
Mediterranean Sea in coastal regions. The ' 3 7 Q S concentrations showed a correlation with the couple ( 4 0 K activity,
salinity), in one hand, and the distance from seashore in the other hand. The vertical distribution of 137cs in the water
column presents an activity peak at a depth of about 100 m, according to the first obtained results, as shown in Figure 1, and
seems to be similar to those published for other regions [4]. Moreover, the inventory of 137cs activity in Bq.m~2 in the
water column was calculated and compared with the cumulated atmospheric deposition reported for the investigated region
[5].

Table 1: The ' 3 7 Q S concentration in the analysed samples

Station location

01
02
03
04
05
06
07
08
09
10

"
12
13

bathymetry (m)

90
65

125
100
100
100
100
250
20
70
"

200
350

sampling depth (m)

surface
surface
surface
surface
surface
surface
surface
surface
surface
surface

30
70

surface
surface

Cs-137 concentration
(Bq.m-3)

3.17
2.73
2.58
2.51
2.86
2.37
2.54
2.40
2.97
/ *
/ *
/*

2.61
2.41
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100
350

surface

1.97
2.91
/ *

2.07
* not yet analysed

Figure 1: Vertical distribution of ' 3 7 ^ s j n (ne Water column, at station 13.
(the profile is to be completed for the sampling depth 350m)
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Gamma analysis of samples of Mururoa Atoll in the French Polynesia.

P. Oropesa, A. T. Hernandez, R. Serra, R. Gutierrez, S. Gutierrez. P. Ojeda.
Isotope Center, Laboratory of Application of Nuclear Techniques (ANT), Havana, Cuba

In the frame of the International Study of the Radiological Situation in the atolls of Mururoa and
Fangataufa in French Polynesia, organized by the International Atomic Energy Agency (IAEA),
determination of gamma-emitting nuclides in samples of this region was carried out in the Isotope
Center, Cuba. Results obtained in materials such as sand, loose coral rocks, top soil and coconut water
presented in this work attest the presence of radionuclide marine pollution from past nuclear weapons
testing.
The solid samples received from IAEA were dried at 105°C. Two independent subsamples were weighed
and analysed in aluminum cans ($= 70cm, h= 1.25cm). The determination in liquid samples were carried
out in plastics cylindrical containers (ty= 7.6cm, h=10cm) by triplicate. Particular care was taken to
avoid contamination during sample preparation.
The measurements were performed with a high-purity germanium coaxial detector (FWHM = 2.0 keV
for 1333 60Co y-line), shielded with 2mm of copper, 1.6 mm of cadmium and 10 cm of lead. The
spectrometric system is conformed by standards units like high voltage power supply, pre-amplifier,
amplifier, ADC and memory buffer card for PC. Spectral processing software SILENA EMCAPLUS was
used.
Standardized Operating Procedures on the basis of recommendations given in the Technical Reports
Series N° 295 published by the IAEA were utilized during the analyses. In this procedures the main
attention is marked to identify the fundamental sources of uncertainties [1]. Special care is taken as well
on the utilization of Certified Reference Materials for quality control. The system efficiency calibration
was performed experimentally for two employed measurement geometries. Radionuclides showing
negligible coincidence-summing effects were used to obtain the efficiency curve as a function of the
photon energy E. As calibration sources were utilized IAEA Certified Reference Radioactive Materials
(CRRM) and reference certified solutions of radionuclides from National Office of Measures of Hungary
(OMH). Uncertainties of 1-2 % were obtained for photopeak efficiencies in the energy region E > 200
keV. In the energetic region between 60 -120 keV the efficiency uncertainties were about 3% and for
Eu-155 this uncertainty was 5%. During the conversion of count rates to mean activity concentration of
specific radionuclides, the necessary corrections (e.g. corrections for decay and sample weight) were
applied. At this point the gamma radiation attenuation effect was considered for the determination of
Am-241 and Eu-155 in solid samples. The suggested by Debertin [2] correction factor F, for the case
when calibration and measurement geometries are identical and sources are cylinders mounted coaxially
with the detector, was applied. For the calculation of this factor, the determination of the effective
absorption coefficients n in the analysed and calibration samples was carried out from transmission
measurements. The obtained correction factor values oscillated between 15 and 1 % depending on the
sample type.
The correctness of analyses was checked out by internal quality control procedure using statistical
methods and CRRM. Particularly the validity of the executed efficiency calibration was confirmed for
elements like Sb-125 and Cs-134 where coincidence-summing effects could be expected.
As is observed from table 1 the effectiveness of our quality assurance was demonstrated by satisfactory
results obtained in the proficiency test ALMERA [3], performed for selecting a limited number of
laboratories to participate in the International Mururoa Study.
Table 1. Results of ANT laboratory in the proficiency test ALMERA.

SAMPLE

SOIL-1

SED-1

NUCLID
E

Cs-137
Cs-134
Sb-125
K-40

Cs-137
K-40

N° of MEANS
ACCEPTED

44
41
32
46
36
37

ALMERA MEAN (Bq/Kg)
(STANDARD DEVIATION)

4834 (280)
120.5(11)
27(3.1)

423.5 (32)
1.99 (0,28)
238.6(21)

OUR DATA (Bq/Kg)
(STANDARD DEVIATION)

4770(81)
119.9(2.3)
25.0(2.2)

421.8(9.3)
2.2 (0.2)

238.7 (6.4)
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The activities of gamma-emitting nuclides in some analysed samples and the limit of detection of the
measurements are shown in table 2. Uncertainties were evaluated as recommended by ISO Guide to the
Expression of Uncertainty in Measurement (1992). As is seem the levels of activity concentration of
reported radionuclides are typical of marine environment influenced by nuclear weapons testing. For
comparison in the table are included values reported in the IAEA-367 Reference Material, collected at
the nuclear test sites at Marshall islands (USA) in the Pacific Ocean.

Table 2. Activities of gamma-emitting nuclides in some analysed
MATRIX

Coconut water

Coconut water

Loose coral
rocks
Sand

Sand

Topsoil

Topsoil

Sediment,
Pacific Ocean

SAMPLE
CODE
CW11

CW15

LC6(2)

SI

S2

TS3

TS9

IAEA-367

MEASURAND

Cs-137
K-40
Co-60
Cs-137
K-40

Am-241

Co-60
Cs-137
Eu-155
Co-60
Cs-137
Eu-155
Am-241
Cs-137
Am-241
Co-60
Cs-137
Am-241
Co-60
Cs-137
Am-241
Eu-155
K-40

UNIT

Bq/L
Bq/L
Bq/L
Bq/L
Bq/L
Bq/kg

Bq/kg
Bq/kg
Bq/kg
Bq/kg
Bq/kg
Bq/kg
Bq/kg
Bq/kg
Bq/kg
Bq/kg
Bq/kg
Bq/kg
Bq/kg
Bq/kg
Bq/kg
Bq/kg
Bq/kg

AVERAGE
VALUE

18.3
56.3
0.3
1.02
68.5
1 9C)

1.81
0.69
5.1
1.3

0.77
5.1
7.1

0.46
6.8

0.51
0.37
12.9

1
195

25.4(3)

1.6(3)

5.2(3)

samples of Mururoa
STANDARD

UNCERTAINTY
0.4
3.9
0.06
0.02
3.8
2(2)

0.13
0.12
0.73
0.2

0.15
0.7
1.4

0.11
1.4

0.15
0.11
1.8

0.9-1.3(4J

190-201(4)

Atoll.
DETECTION

LIMIT(1)

0.4
6.5
0.3
0.4
6.0
5.0

0.4
0.5
0.9
0.6
0.7
1.3
6.0
0.5
6.0
0.5
0.4
6.0

Reference date for Mururoa samples: 01/03/97.

(1) Expressed as Minimum detectable quantity.
(2) In this sample no homogeneity was found for Am values. Here is reported the value detected in one

of analysed subsamples.
(3) Information values only.
(4) Confidence intervals for the significance level of 0.05.
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THE RESPONSE OF BLACK. SEA SCORPION FISH S< 'ORPA ENA PORCUS
ON POLLUTION IN THE MARINE ENVIRONMENT

L.S. OVEN. N.F. SHHVCHENKO. I.I. RUDNEVA

Institute of (lie Biology of the Southern Seas National Ukraincan Acadenry of Science,
Sevastopol, Ukraine

Scorpion fish Scorpaena j)orcus is wide-distributed specie in Black Sea coastal
areas. It is typical bottom fish, which migrates not for long distances. Thus, scorpion
fish could be applicated as a marker for evaluation of pollution effects in marine
coastal ecosystems. It is a common knowledge, that the Black Sea shelf region is one of
the most eoutaminative aqautoria [I]. Thus the goal of (he present work was to study
some population characteristics ( size, weight, reproduction, age) and biochemical
parameters of scorpion fish, habited Crimean aj«d Caucasus coastal marine ecosystems,
which arc exposed to very intensive pollutative effects and to compare (he pollutant
responses offish in natural and experimental conditions.

Adult animals wcie collected during 1989-1995 at five bays of South Ctimeau coast,
and in four bays of North part of Caucasus coast of Black Sea. 1400 fishes were
studied for size-age composition and oogenesis. Additionally, antioxiduul enzyme
activities, lipid composition and lipid pcroxidation parameters measured in fish
gonads in experimental conditions: fish were exposed in 5 mg per ! marine water of
FCB and all determinations were carried on according the method*, which we
described previously [2J.

During the study period the fish of seven age groups ( from I to 7- ye^rs old )
were dominated. 8+old fish were found very rarely in clear marine bays only.
Marine pollution level directly correlated with the fish age: in more pollutativc
•iresis more young fishes habited. In Caucasus coastal areas 4-6 years old fish wero
dominated, in Crimean coastal parts more young (2-3 years old fish) were identified.
In the most pollulative Sevastopol Bay the high level of 1+ -scorpion fish were found
(Table).

Size and mnss characteristics of scorpion fish testified, that near Caucasus coastal
area more large fish dominated ns compared to Crimea area, Ilistologica! analysis of
scorpion gonads showed, that in 8O-9Os number of females with rcsorbtivr vitdliiiogen
oocytes were increased in spawning time as compared with the data obtained in 50-f*0 s
[3]. In 1989-1991 females with anomalies of oogenesis were 60% in Sevastopol Bay. but
MI Caucasus coastal areas such fish samples were only 4.1%. Thus, the Caucasus nrrn
is more preferable aquutoria for scorpion fish opposite to Crimea coastal ecosystem.

The biochemical investigations of autioxidaut enzymes, lipid composition nnd lipid
pcroxidation parameters in gonads of scorpion fish in experimental conditions upon the
effects of PCB showed the high sensitiveness to contamination stress. The activity of
pioor.idant enzyme lipoxygenasc significantly increased (p<0.01) in fish gonads,
exposed in PCB, while cntalase ami glutathione reductase activities were reduced
(p 0.05). SOD activity enhanced also (p "0.01). Autioxidants content ( vitamin A and
carotcnoids) varied in significant I)' in. fish gonads. Such a tendency was uirv.krd for
lipid composition and lipid pet oxidation parameters, with the except ion ^'significant
decrease of lipid hydroperoxides and growth of fluorescent compounds in 'he p.onn-ls of
PCB-trcalcd iish .
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TaHc

Age composition of scorpion fish in different aici's of Plrtck Sea

Area

North-
West. coast oi
Caucasus
jiayj;
Kontrabandnaya
Golubaj^a
flctta
(volchoznaya

South-West
coast of Crimea
Bays:

Omega
Sevastopol
Balaklava
Laspy-Batiliman
Vasileva Balka

-

.__

23.8
-
0.7
-

Af,e
2-i- '"

...'

-

23.8 1
54.5
27.0
42.0

1+ "

11.8
11.1"
19.2

"29 X~"
21.5
36.4
37.2
34.1

4+ "

"27T"'
52.9
33.3 "
46.S

14.3 j
9.1

10.9
11.4 j

...........

36/T" '
17.6
27 Y
25.5

"TO
7 . 1 1
-

8.1
3.4

"6+ "

UP
j].8
27.8

r25.5 1

7+ ""

"9.F"
5.9

-

I
8.1

„... _

8.0

Tims llie present study showes, that the increase of pollution iu Black Sea changes
for the worse the reproduction of scorpion fish, as a result of molecular >uul cellular
damage of gonads, stimulated of contaminants accumalatioTi. fhesc negative
tendencies in adults fishes provoke the delay of liner and weight growth, decrease oi'
life cycle duration, enhancement of toxical free radical pioducs, which damage cell
membrane? and important biological moleculars, including D'NA. ptotciiv:. etc.
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FREQUENCY OF CHROMOSOMAL ABERRATION IN FISH INHABITING
POLLUTED ECOSYSTEM
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Fish have survived millions of years in the most diverse, adverse and advance
environment. It is expected that all known mechanisms of chromosomal changes
could have occurred in the evolution resulting in a characteristic karyotype. Pollution
of estuaries is difficult to assess because of the special qualities of this ecosystem.
Estuarine pollution is different from river pollution as the pollutants remain trapped in
the ecosystem for a long period due to tidal isolation. Pollution damage of estuaries is
due to the product of man's activities. Pollutants have turned the sea and ocean into
vast cesspools. Thus natures cleansing pool turn into septic tanks due to the
accumulation of wastes. Contrary to the opinion that the seas are bottomless pits, man
is now realising that they have very specific ocean floors and limit to the quantum of
solute they are holding.

Water samples and fingerlings of Mugil cephalus were collected every month for two
consecutive years, 1994 and 1995 from the site of Napiar bridge (mouth of estuary).
Water samples (2 1) were collected in polythene container and immediately taken to
the laboratory and analysed for their physicochemical attributes, using the standard
method (APHA, 1989). Mugil cephalus were collected from Napiar bridge adjoining
the mouth of the estuary throughout the year and reared in inhabiting-water and every
other day, the holding water was renewed. Rapid chromosomal preparation of tissues
of gill and kidney were made from the fish species following the method of
Kligerman and Bloom (1977).

Physicochemical parameters of pond water and estuarine sample collected at Napiar
bridge revealed marked differences. Turbidity, total solids, total hardness, alkalinity,
chlorides, silicates, iron, and heavy metals such as cadmium, chromium, nickel,
mercury, zinc were found to be characteristic. The degree of toxicity of pollutants
affects the quality of water with varying pH and hardness and in fact toxicity of
ammonia affected the pH.

Some substances become more toxic at low oxygen concentration due to an increase
in the respiratory rate thereby increasing the amount of exposure of the animal to the
toxin. Dissolved oxygen was significantly very low in the experimental area (2.1 ml/1)
than the control pond (6.21 ml/1). The concentration of cadmium and mercury fall in
line with each other with increasing trend from rainy to summer through other
seasons., while chromium and zinc show uniform concentration throughout the year,
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though a slight hike was observed in the summer season. By contrast, the
concentration of lead is maximum during normal season, minimum during rainy, and
optimum during summer seasons.

Environmental impact and chromosomal variation have been two sides of a coin as
they are inseparable. Off late the impact of environment factors on the biosystem
reveals in chromosomal aberration expressed in the form of ploidy. In the same way
endoreduplication also occurs which is an internal doubling of chromosomes
resulting from two successive DNA synthesis without intervening cytokinesis. The
exposure of fish to various concentration of chemical under investigation reveals
marked increase in the frequency of chromosomal aberration over control. Mugil
cephalus obtained from Napiar site seem to be susceptible to tremendous variation in
relation to the seasons, particularly in summer. This may be attributed to the fact that
in summer months the Indian coastal system is subjected to precipitation with
consequent elimination of water thereby condensation of aquatic system which
imposes the osmoregulatory pressure on the gill and kidney cells of fish species.
Furthermore, high temperature of water is also an additional stress on the fish.

Key words: Chromosomal aberration: Ploidy, Endoreduplication,
Genotoxicity, Heavy metals, Mugil cephalus
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Distribution of t37Cs in sediments in Xiangshan, Xiamen and Yangpu
Harbours ,China
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Qigao Xu
Physics Department of Nanjing University,

Nanjing 210093, P.R. China

Xiangshan Harbour (Zhejing Province), Xiamen Harbour (Fujian Province) and Yangpu
Harbour (Hainan Province) are tide-channel type bays , located on the southeast coast of
China. Six sediment cores were collected in the Harbours in several projects respectively.
Sediment samples were collected with a Lehigh gravity corer which utilized a 10.3 cm
diameter, PVC core barrel. Styrofoam sediment core retainers were fitted into the top of the
core barrel following core recovery to facilitate core sampling without loss of sediment from
the barrel. The core barrels were split lengthwise using a circular saw. Following visual
inspection for geological parameters (colour, texture, etc.) and photography of the cores, they
were subsampled at 1-2 cm or 5cm intervals for the entire length of the core. The sediment
samples were stored in air-tight, plastic containers and returned to Nanjing University for
l37Cs and other types of analysis. The sediment samples were oven dried at approximately 100
deg. C. at the Nanjing University isotope laboratory and the % loss of water used to determine
the wet and dry densities. The contents of l37Cs were counted using an n-type HPGe y-ray
spectrometry system. The coaxial detector has an efficiency of 25%, with a lead shield 12cm
thick. Each sample was measured for 12h.

The results of the 137Cs analysis shown that there are recognizable l37Cs peak
concentration and the appearance horizon in the 137Cs profiles in all 6 sediment cores . The
distribution of l37Cs has a similar pattern in the two cores in same harbour, but there were
differences among the three harbours,this reflects the differences in sedimentary environment
among the three harbours. In Xiangshan and Xiamen Harbours, Four cores(G2,G4,X22,X24)
consisted of silt sediment. For the surface sediment l37Cs concentrations ranged from 3.12
Bq/kg to 3.40 Bq/kg(Table 1), and the maximum l37Cs activities are between 4.98 Bq/kg to
6.36 Bq/kg (Table 1). The surface 137Cs concentrations were about 60% of the maximum 137Cs
activities, the relative higher 137Cs concentrations in the surface sediment in these harbours
reflect the erosion of ' 37Cs-contaminated soil particles from the surrounding watersheds
transported into the harbours. In Yangpu Harbour, core Y007 was collected in the deepest part
of the tidal channel, this core exhibited alternating layers of sands and clays having distinct
boundaries. The upper 22 cm of the core contained 55% sand by weight while below this level
the sand content decreased to 20%. core Y004 was collected on the swash platform in the
outer harbour where the tidal channel enters into outer bay. This core is distinguished by
numerous unconformities and sharp textural changes along its length. The upper 10 cm of the
core contained 69% sand by weight. For the surface sediments !37Cs can not be detected
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(Table 1) for Y007 and Y004. The maximum l37Cs activity is 5.33Bq/kg for Y007 and
1.93Bq/kg for Y004. The reduced Cs-137 concentration in core Y004 is consistent with the
higher sand content(>45%) compare to the sand content (<20%) of cores G2,G4,X22,X24,
Y007). These values may be compared with eastern zone of Hong Kong results from Lo and
Fung, 1992 ('"Cs peak values from 4.7Bq/kg to 6.2Bq/kg at Hebe Haven). Because initial
input of L17Cs into the global environment with measurable amounts in sediment was
estimated to be around 1950 (Robbins et al.,1978) and the greatest amount of B7Cs fallout was
deposited between 1963-1964. If the depth of B7Cs maximum activity was assigned the year
1963 and the depth at which the l37Cs became detectable was assigned the year 1950, the
sedimentation rates for these cores can be calculated. Sedimentation rates(Table 1) based on
the position of mCs peak are in good agreement with that based on 210Pb dating(Smith and
Pan, 1992) and rates based on the occurrence of the horizon are larger than that based on
210Pb dating, this indicates l37Cs may be downward migration in the sediment in these
harbours.

Table 1 Summary of
1950 marker horizons
Harbours

>37Cs analyses and sedimentation rates derived from 1963 and
for sediment cores from Xiangshan, Xiamen and Yangpu

Locations

Xiangshan Harbour

Xiangshan Harbour

Xiamen Harbour

Xiamen Harbour

Yangpu Harbour

Yangpu Harbour

Station

G2

G4

X22

X24

Y004

Y007

n7Cs (Bq/kg)

surface maximum

activities activities

3.12

3.40

3.28

3.22

0

0

5.68

5.41

6.36

4.98

1.93

5.33

Depth to (cm)

1963 1950

marker marker

horizon horizon

34-39

45-51

22-24

20-22

26-28

36-42

58

73

42

50

53

72

Sedimentation rates

derived from

(cm/a)

1963 1950 2l0Pb

marker marker dating

horizon horizon

1.26+0.09

1.66+0.10

0.82±0.04

0.75±0.03

1.08+0.04

1.56±0.12

Fl.38
1.74

1.02

1.22

1.39

1.89

1.20

1.73

0.84

0.76

1.06

1.52
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Monitoring, evaluation and control of marine pollution -
an Indian scenario:

G.K. Pandey, Director and A. Bhatia, Jt. Director, Ministry of
Environment and Forests, New Delhi, INDIA

The paper presents the status of marine pollution caused by land
based, offshore/onshore activities and its impact on various marine eco
systems including mangroves, coral reefs etc. Sources of pollution, its
quantity and characteristics, monitoring and evaluation practices, regulatory
and control mechanisms etc. have been discussed. Pollution problems being
posed by industries, agricultural runoffs containing pesticides and other
toxic chemicals, sewage discharge and effluents emanating from onshore
and offshore oil and gas installations have also been discussed. Measures
taken by the regulatory agencies to combat marine pollution problems have
been covered.
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Transfert des radionucléides *°Co, "Zn et 134Cs aux sédiments
et aux mollusques marins en conditions de laboratoire

V.Patrascu
Institut Roumain de Recherches Marines, 300 Boulevard Mamaia, RO-8700,
Constanta - Roumanie

Nous avons jugé utile de reprendre et de détailler certaines expérimentations de laboratoire concernant la
concentration/élimination de quelques radionucléides importants pour les organismes marins et leur substrat de vie, étant
donné que:
• il existe une variabilité locale des composantes et des facteurs de l'environnement;
• l'écosystème marin côtier subit une pression d'origine anthropique qui peut lui modifier l'évolution temporelle et

même les éléments de structure;
• la teneur de substances et radionucléides de l'eau de mer est instable, avec une tendance d'augmentation qualitative et

quantitative plus marquée durant la dernière période;
• le complètement des observations in situ et des bases régionales de données contribuent à une compréhension plus

claire de l'ensemble des phénomènes, à la délimitation de l'impact anthropogène dans l'environnement, mais aussi au
risque humain, assistant, finalement, le processus de décision.

Les expérimentations antérieures effectuées dans le cadre de l'IRRM ont déterminé FC en conditions d'équilibre
chez les algues macrophytes Enteromorpha Unza et Cystoseira barbata et chez les mollusques Mytilus galloprovincialis,
Mya arenaria et Scapharca inaequivalvis pour les radionucléides 59Fe, ^Co, 65Zn, 85Sr, 89Sr, 131I, 134Cs ayant les activités
situées entre 74 et 222 KBq/1 [1].

Les observations ci-devant ont été effectuées sur les mollusques Mytilus, Mya et Scapharca (organismes entiers
et/ou coquilles) et sur certains sédiments marins (Tableau 1), mis en aquariums contaminés uniquement avec des solutions
de ^Co, 65Zn et 134Cs, aux activités initiales conformément au Tableau 2. Une partie des expérimentations de concentration
ont été continuées avec des études d'élimination des radionucléides (Tableau 2; expérimentations B, D).

Le matériel de travail utilisé dans les expérimentations A et B provenait du littoral roumain de la mer Noire, tandis
que celui des expériences C et D - de la zone bosphorique de la mer Noire, Istanbul.

Les appareils utilisés à l'IRRM (Tableau 1; exp. A, B) consistaient dans une installation multicanal MGS-01
(production IFA Bucarest) et une installation à analyseur multicanal ORTEC-NORLAND 5500 (support AIEA), toutes les
deux utilisant des détecteurs Nal (TI).

Les expérimentations C et D se sont déroulées dans le cadre du course régional "Strategies and methodologies for
applied marine radioactivity and environmental isotope studies for the Black Sea" organisé sous l'égide de l'ALEA en
Turquie (novembre 1994). Les appareils utilisés par le Centre de Formation et Recherches Nucléaires Cekmece d'Istanbul
consistait dans une installation à analyseur multicanal CANBERRA 35+ et détecteur Nal (TI).

La durée des expérimentations, les paramètres fondamentaux, les conditions initiales et les principaux résultats
sont présentés dans le Tableau 2.

Les facteurs de concentration du ^Co dans les bivalves ont été de l'ordre des dizaines. L'état d'équilibre a été
obtenu en quelques jours (Mya) jusqu'à 10 jours (Scapharca). Le brossage des surfaces externes, la dissection et
l'expérimentation sur les coquilles ont prouvé l'existence d'un processus superficiel d'intense fixation, avec la rétention
durable à l'élimination en conditions naturelles. La fixation du ^Co sur le sédiment se réalise surtout dans la couche
d'interface, en saisissant un gradient vertical descendant significatif.

La concentration du 65Zn et du 134Cs chez Mytilus a été plus intense dans le cas du premier radionucléide pour de
brèves durées. Le tissu mou se distingue par une capacité de rétention relativement plus importante. Les deux
radionucléides peuvent arriver dans le sédiment à KD de l'ordre de 10 , mais la valeur réalisée en même temps par le Zn a
été plus de deux fois supérieure au résultat obtenu pour 134Cs.
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Tableau 1. Type de l'expériment et matériel étudié

A. Expérimentation concentration Co

l.Scapharca inaequivalvis

IMytilus galloprovincialis (coquilles)

3 Mya arenaria

4. Sédiments littorales

C. Expérimentation concentration Zn et Cs

1 Mytilus galloprovincialis

IMytilus galoprovincialis

3.Sédiment marin

B. Expérimentation élimination °"Co

1 .Scapharca inaequivalvis

IMytilus galloprovincialis (coquilles).

D. Expérimentation élimination Zn et Cs

1 Mytilus galloprovincialis

Tableau 2.1

Exp.

A. 1.

2.

3.

4.

B. 1.

2.

C. l.Zn

Cs

2.Zn

Cs

3.Zn

Cs

D. l.Zn

Cs

Durée

(jours)

38

22

21

41

66

15

42h

21.5h

23h

43h

Paramètres et résultats principaux des experimentation en laboratoire

T

(°C)

17.5-19

18-20.5

16-18.5

18-24

18.5-26.5

19-23

15

15

15

15

S

(%o)

-

14.36

15.21

14.7

-

-

22

22

22

22

pH

-

8.5

5.5

8

-

-

-

-

-

-

Poids

(g±%)

17.1+21

3.7±22

37±36

1330

17.1+21

3.7±21

24.4±13

31.4+10

1 g/1

31.4±10

A

(KBq/1)

0.53

44.4

7.4

37

-

-

5.0

5.0

11.1

10.9

-

FC

14.3±3.4

74±11

20.3±3.9

7.2±1.4

-

-

21.3±3.9

4.9±0.7

13.3±2.7

3.1±0.5

3150

1380

-

Tb

(Jours)

-

-

-

-

14.5

12.6

-

-

-

5.5

6.1
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TECHNIQUES NUCLÉAIRES ET RÉSULTATS DU MONITORING ROUMAIN
DE LA MER NOIRE DANS LE LABORATOIRE RADIOÉCOLOGIQUE

DE L'INSTITUT ROUMAIN DE RECHERCHES MARINES

V.PATRASCU
Romanian Marine Research Institute, Bdul Mamaia 300, Constanta, Romania

Les investigations préliminaires de radioactivité de l'environnement se matérialisent en
mesurages béta global. On utilise deux chaînes de mesure à détecteurs de scintillateur plastique NE
102 A 0 70x4 mm et ND 304 0 30x5 mm (production GAMMA).

Les analyses gamma de haute résolution se déroulent dans une chaîne à détecteur GchP à
efficacité relative 10%, résolution 2KeV à 1332 KeV, analyseur multicanal ORTEC-NORLAND
5500, calculateur AST Bravo 386 et imprimante Brother M-19241 (Support AIEA); source et
modules NIM.

Les exercices récents d'intercomparaison ont été organisés par IFIN Bucarest (Cs-137, Eu-
152), AIEA (Sd-300, SD-315), le programme régional CoMSBlack (Cs-137) et celui bilatéral avec
l'Institut de Biologie des mers du sud (IBSS) de Sebastopol, Ukraine (Cs-137, K-40).

Le mesurage avec scintillateurs liquides de H-3 et C-14 peut être effectué à l'aide de
l'installation TRI.CARB 1000 (CANBERRA-PACKARD). Pour la phase liquide on utilise le
cockteil ULTIMA GOLD x R (support AIEA, avec l'appareil), tandis que pour les filtres de
l'analyse de l'activité primaire on a procuré le cockteil FILTER COUNT.

L'indicateur moyen béta global pour l'eau de mer est, en 1997, de 4,9 Bq/1, ses limites de
variation étant 3,3 et 7,5 Bq/1. Les modifications de la salinité influencent les résultats béta global
(par le taux différent de K-40), surtout dans les zones de pénétration des eaux douces (aux
embouchures du Danube, ou aux déversoirs d'eaux usées dans la zone côtière). Les mesurages
comparatifs de l'eau du canal Danube - mer Noire (testé pour l'évacuation des eaux de
refroidissement de FENE Cemavoda) ont mis en évidence une valeur béta globale moyenne de 0,19
Bqrt.

Les mesurages béta global des sédiments de la plage ont révélé des valeurs variant entre 30
et 1300 Bq/kg sec. On a constaté une qualité radiométrique voisine pour les sables de la plage
moyenne, du médiolittoral et des sédiments de fond, à < 1 m de profondeur.

Les sédiments submergés présentent des valeurs situées dans l'intervalle 390-1470 Bq/kg
sec. Des valeurs particulières ont été enregistrées devant les embouchures du Danube et sur le
couloir de transport des alluvions.

Les algues macrophytes peuvent atteindre des maxima de quelques centaines de Bq/kg tissu
frais {Cladophora, Ceramium, Bryopsis etc.). Une moyenne un peu inférieure appartient aux
poissons, tandis que les mollusques ont le minimum (en moyenne environ 50 Bq/kg tissu frais).

La valeur moyenne de la concentration du Sr-90 obtenue en 1990 pour l'eau de mer a été de
21 Bq/m3. Un taux relativement maximal de ce radionucléide appartient aux sédiments de fond,
ayant en 1997 une moyenne de 4 Bq/kg sec.

Les organismes marins ont une teneur de Sr-90 au-dessous de l'unité. Les poissons sont les
plus près de la valeur 1 (en moyenne 0,8 Bq/kg tissu frais en 1997). Bien que les algues
macrophytes ont des concentrations voisines, on observe en 1996 un niveau plus bas. Le tissu mou
des mollusques et la forme soluble du radionucléide déterminent leur contenu minimal par rapport
aux autres organismes, la moyenne en 1997 étant 0,24 Bq/kg tissu frais, valeur proche de celle de
1996.

En estimant les valeur d'équilibre des concentrations du radionucléide Sr-90 dans les
composantes marines, nous avons calculé les suivants facteurs de concentration: poissons - 38,
algues macrophytes - 38, mollusques - 12. Le coefficient moyen de distribution dans les sédiments
du secteur roumain de la mer Noire est d'environ 190.
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L'analyse des 6chantillons par spectrometrie gamma a mis en Evidence une presence
significative d'un autre radionucleide anthropogene, d'interet radioecologique: Cs-137.

Le r6sultat du mesurage d'un echantillon de reference d'eau prelev€e au point 44°10'N-
29°15'E (Constanta au large) est de 36 Bq/m3.

La concentration du Cs-137 dans le sable des plages touristiques roumaines ne depasse pas,
en moyenne, 5 Bq/kg sec. On suppose atteindre le seuil avant-Chernobyl apres l'an 2000. La
diminution de la concentration de radionucleide dans le sable des plages par l'action des processus
naturels - autres que la disintegration radioactive - a ete estimee avoir lieu en moyenne en T1/2 proc
= 10 ans. L'amenagement des plages avec de grandes quantity de sable de provenance submergee
peut conduire a une croissance locale des concentrations de radionucleide.

Les maxima des concentrations des sediments de fond depassent en 1997 aussi 200 Bq/kg
sec.

L'apport supplementaire danubien de radionucleide et de sediments fins complexes a
determine la delimitation d'une aire "chaude" devant les embouchures. Les maxima enregistres en
1997, d'environ 250 Bq/kg sec a Sf.Gheorghe et a Constanta, c'est non seulement l'effet des
conditions locales particulieres, mais, dans le dernier cas surtout, la presence d'un phenomene de
transport alluvionaire le long du courant descendant N-S.

La stratification thermo-saline de la masse de l'eau engendre, aux profondeurs qui depassent
100 m, des concentrations du radionucleide Cs-137 inferieures a 20 Bq/kg sec dans les sediments de
fond. Dans la partie nord, aux embouchures du Dniester, il y a des concentration minimales (2-13
Bq/kg sec) en zones relativement peu profondes. L'influence de l'apport fluvial sur le niveau des
concentrations dans la zone de confluence est egalement remarquee aux embouchures du Dniepr
(60-189 Bq/kg sec).

Les calculs effectue avec les donnSes radiometriques recentes ont etabli le niveau moyen du
coefficient de distribution pour le secteur roumain d'environ 2100. La dispersion du resultat, situee
a 90%, recommande la valeur indiqu6e comme orientative, puisque les facteurs locaux ont une forte
influence sur le niveau du Cs-137 du substrat. Le facteur de radiocapacite, pour des profondeurs de
la colonne d'eau allant de 10 a 50 m, varie entre 0,94, respectivement 0,76, pour qu'il atteigne, a la
profondeur de 100 m, la valeur 0,65.

Si Ton fait une estimation en conditions theoriques, on conclut qu'approximativement une
moitie de la quantite de radionucleide pulsee en mer Noire par l'accident Chernobyl se trouve
immobilised sur le fond de la mer jusqu'a la profondeur de 100 m. La capacite de support de
l'ecosysteme marin dans la zone mentionnee est superieure d'environ 104 fois. La plate-forme N-V
a la plus grande contribution a la fixation du Cs-137 dans cet ecosysteme, occupant la plus etendue
et la moins profonde surface. L'importance de ce fait doit etre soulign6e aussi parce que c'est ici la
partie vitale la plus complexe et dynamique.

Le plus important taux relatif appartient aux poissons, avec une moyenne, en 1997, de 2,6
Bq/kg sec. Les mollusques ont le taux de 1,2 Bq/kg tissu frais, voisin aux algues macrophytes (1
Bq/kg tissu frais). Les facteurs de concentration du radionucleide sont: 72 pour les poissons, 34
chez les mollusques et 28 aux algues. Le niveau des concentrations du Cs-137 en poissons et en
mollusques, ainsi que les valeurs obtenues pour les facteurs de concentration, confirment une fois de
plus l'actualite des recommandations AIEA

Les mesurages de productivity primaire dans l'ecosysteme marin cotier par la methode du C-
14 sont en train d'etre parachev6s. On a poursuivi un cycle annuel. Apres les premieres essais, il a
fallu changer la recette du scintillateur liquide, a present les mesurages devant etre correles avec les
standards quench et unquench adequats.

La surveillance du H-3 dans l'eau douce peut etre faite directement, tandis que pour l'eau de
mer il faut la distiller en vue d'eliminer les sels actifs beta. On a en vue ce programme en
perspective immediate, les tests etant deja effectues.
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The Use of Airborne Remote sensing to Control Pollution in UK Costal Waters

by R J Pentreath and D J Palmer
UK

Although much effort has been expended worldwide in the use of satellites to study oceanic

processes, their Entiled spatial, spectral, and temporal resolution severely limits their use for work

in coastal waters. The Environment Agency, and one of its predecessor bodies (the NRA), have

therefore expended a considerable effort in developing the use of airborne remote sensing

techniques, supported by a range of surface vessels and marine data-gathering buoys. The

principal techniques used are thermal scanning, compact airborne spectrographic imaging (CASI),

synthetic aperture radar (SAR), laser induced direction and range (LIDAR) elevation mapping,

plus an array of analogue and digital cameras.

Both thermal and CASI techniques are used to define precisely the nature of marine outfalls, and

to determine their mixing and dispersion characteristics. In some cases the pulsed nature of the

discharge can also be determined. The CASI is operated in one of three modes : spatial (19

wavebands, where the wavelength and width can be interactively specified); spectral (288 spectral

bands); and enhanced spectral mode using 72 channels. Both true and false colour images are

produced, aO of which are geometrically corrected by the use of a vertical gyroscope and global

positioning systems, and radiometrically corrected using an incident light sensor which measures

the downwelling radiance.

In addition to defining mixing zones, CASI data are used to study suspended sediment and thus

pollution transport mechanisms in coastal regions. The ability to differentiate between organic
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In view of these varied inputs, it is clearly important to have a reasonable indication of the relative

importance of each source in order to ensure that regulatory and pollution control measures are

used to greatest effect For England and Wales this requires the sampling of 129 rivers, plus over

200 sewage outfalls and industrial discharges which are downstream of the riverine freshwater

limits. Estimates of the loads of chemicals entering coastal waters have been calculated using both

"high load" (limit of detection) and "low load" methods. The chemicals studied since 1990

include cadmium, mercury, copper, zinc and lead; the pesticides lindane and simazine; and total

nitrogen and orthophosphate.
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RADIOACTIVE CONTAMINATION OF THE GUATEMALAN MARINE ENVIRONMENT

Perez Sabino, J.F.; Oliva dc Sandoval, BE.; Aguilar Sandoval, E.
Direction General dc Encrgia Nuclear, Guatemala, Guatemala C. A.

Orozco Child, R.M.
Escucla dc Quimica. Universidad de San Carlos dc Guatemala. Guatemala, Guatemala C.A.

As a part of the IAEA TC project GUA/2/005 "Radioactivity and contamination of the Marine
Environment in Guatemala", concentrations of artificial and natural radionuclides have been
determined in marine water and sediments. Sampling was performed in five sites in the Pacific ocean
and one in the Atlantic during july 1995, and July and november 1997.

Table I shows the results obtained of cesium-137 concentrations in marine water during three
samplings. Cesium was collected using ammonium molibdophosphate (AMP) to precipitate it, then it
was dried and measured by gamma spectrometry. It is important to point out the improvements made
to the method, as consequence of the recomendations done during the Symposium on the Use of
Isotopic Techniques in Marine Environmental Studies, Greece 1996. Cesium-137 was determined in
1995 taking water samples of 100 liters and measuring the precipitate between 120,000 and 150.000
seconds. The determinations of july 1997 were carried out using 100 liter samples and measuring by
250.000 seconds by gamma spectrometry. The determinations of december 1997, were carried out
using 200 liter samples and measuring by 250,000. As it can be seen, the precision was improved
cacli time. However, it seems like the concentrations decreased, which is probably due to a better
distinction between background and area in the gamma spectra, and that the uncertainty is given by
only one standard deviation, so the true value of the 1995 sample could be in a wider range. Another
improvement was observed in the Minimun Detectable Concentration (MDC), since in 1995 it was
about 1.2 inBq/L. in july 1997 it was about 0.7 mBq/L and in december 1997 it was about 0.3 mBq/L.

TABLE 1
Cesium-137 in marine water

Concentrations are reported in milibequerels/Liter
Sampling site , july 1995 july 1997 decembcr 1997
Amalique Bay
Puerto Quetzal

1.7+/-0.3
2.7 +/- 0.3

1.2 +/- 0.2
2.5 +/- 0.2

1.3+/-0.1
2.2+/-0.1

As ihc Table 1 shows, the concentration of cesium-137 is always higher in the Pacific Ocean (Puerto
Quetzal) than in the Atlantic one (Amatique Bay), which is in agreement with values reported in
studies developed in countries of other regions (1,2,3). Water samples were taken only in one point in
each ocean, regarding the concentrations in the two short coastal regions of Guatemala should be
homogencus.

Table 2 shows the results of plutonium in marine water, which can be considered as normals (4). The
concentrations of plutonium in Atlantic ocean are higher than in the Pacific one, which is different
regarding the levels of cesium-137. This should be investigated and it is expected that samples which
arc now in process of analysis, explain the difference. As it can be seen in table 2, the uncertainty of
the determinations arc high. The samples collected in that time were of 100 liters and to improve it,
samples of 200 liter are collected now and it is expected the results can be presented in October.

TABLE 2
Plutonium in marine water

Concentrations are reported in microbequercls/Liter

Sampling site Pu-239+240 Pu-238
Amatiquc Bay 19.7 +/- 6.7
Puerto Quetzal 4.7+/-1.6

1.8+/-0.6
Not detected
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Table 3 shows the results of cesium-137 and plutonium in marine sediments. One sample of
sediment was taken in the Atlantic ocean (Amatique Bay) and five were taken in the Pacific. The
results show that the sediment of the Atlantic presented the highest concentrations for the three
artificial radionuclides, which probably is due to the difference between the particles of both
sediments, since the Atlantic one shows finer particles and higher content of organic matter (due to
the location of the sampling site, in the middle of a bay where current is weak and the sediment layer
is (hick). Pacific sediments in Guatemala are sandy, so the surface is larger in the particles of Atlantic
sediments. This behaviour is observed also in the natural radionuclides determined by gamma
spectrometry. since the content of Ra-226, Pb-210 and K-40 are highest in the Atlantic sediment (59.9
+/- 5.9, 224.5+/- 7.3 and 431.2 +/-10.8 Bq/Kg d.w. respectively). The range for Ra-226 in the Pacific
sediments is among 33.2 and 48.7 Bq/Kg. It is important to remark that the difference between the
concentrations of lead-210 and radium-226 is much higher in the Atlantic sediment, which seems to
indicate that there is a stronger sedimentation process in the Atlantic coast of Guatemala. This should
be confirmed by the results of the sediments in process of analysis.

TABLE 3
Radioactive contamination in marine sediments

Concentrations are reported in dry weight. Samples taken in july 1995.

Sampling site
Amatiquc Bay
Puerto Quetzal
Las Lisas
Sipacate
Champerico
Oc6s

Cs-137 (Bq/Kg)
8.7 +/- 0.5

< 1.1
1.7 +/- 0.3

<0.9
<1.2
<1.4

Pu-239+240 (mBq/Kg)
663.8 +1-21.7
164.0+/-8.1
347.9 +/- 9.7

Not determined
Not determined

199.8 +/- 8.4

Pu-238 (mBq/Kg)
28.6 +/- 2.6
2.8 +/- 1.0
11.3+/-1.2

Not determined
Not determined

8.1+/-1.4

The ratio between the concentrations of the radionuclides plutonium-239+240 and plutonium-238
was always higher than 10:1, which indicates that the origin of the radioactive contamination in the
guatcmalan marine environment comes from the nuclear tests and global accidents, and not from
discharges of radioactive wastes as some ambientalists groups claimed are occuring in Guatemala.

As general conclusion, the vigilance programme established in the framework of the TC Project
GU A/2/005 mus continue, for using the information to unterstand the marine environmental
processes, as sedimentation rates, migrations of radionuclides, and to allow the guatemalan
government to make the decisions focused in the radiologic protection of human being. .
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Assessment of Land Based Sources of Radioactive Wastes
in the Russian Arctic

V.M. Makeyev ' I.G. Lisovsky, \ V.B. Pogrebov,3 V.P. Shclest,5

Kay M. van der Horst * and Michael A. Champ'

Concern forjnuclear contamination in ihe Arctic stems from many sources; atmospheric (from global fallout from
nuclear testiig, or Chernobyl type accidents, marine or ocean current transport, riverine or groundwater transport,
biological (migratory species), and ocean dumped wastes and land based sources. The authors question whether the
depth and detail of the available information on processes and fate and effects and the reliability of the contaminant
assessments jfor land based sources would be comprehensive enough to draw valid scientific conclusions on risk,
public health and environmental safety. These assessments also have the following specific data and information
requirement^. (J) estimates of aciinides and (2) fission and activation products that would require additional
information:ion reactor type, fuel load, fuel enrichment, power, operating history, and accident. Given reasons of
national security, these types of information are usually highly restricted.

i

However, fur assessing the potential risk from nuclear contaminants that arc in land-based sites and/or river or
groundwater) there is not the same level of scientific confidence in being able to conduct a valid risk assessment, [t
is difficult to estimate the degree of safety of the containment barriers and holding structures utilized for below
ground stored nuclear wastes in the FSU. In addition, the level of data and information on source: terms and release
rates is also jiot available. When combined with a kick of understanding of the interactions of contaminant transport
in ground water and the impact of freeze and thaw and permafrost, there are serious limitations in assessing risks
from land bdsed wastes in the Arctic. The are also political issues that will limit the ability to develop more detailed
source term jtnow ledge about the condition, composition and scope of these land based nuclear waste sources:

• The political sensitivity of the matter and national security issues;
The lack iof available funds for assessment and assistance efforts;
Inter military distrust and Russian national security concerns;
Western fears of upgrading the Russian strategic capabilities;

• Disagreements on technology selection and implementation,
• Communication and coordination among countries providing assistance;
• Communications in negotiations between Russian and western officials;

Effective application and distribution of existing funds:
Absence! o t standardized risk assessment procedures and emergency response strategies lo potential future
accidents at these land based sites;

• Long-term site and waste storage liability (and responsibility) concerns;
Lack of ISO Standards (9,000 and 14,000) and Lack of Intellectual technology property rights in Russia.

Russian Nuclear Submarine Decommissioning

i
Most of the| nuclear submarine wastes are generated from the nuclear submarine decommissioning process and
operations in1 [he Russia Northwest and Far East. These wastes are predominantly the remnant of the Cold War arms
race betwee^ the Soviet Union and the United States. In the future, these wastes are to be stored on land and not
ocean dumped. Unfortunately, due to the present economic hardships in the former Soviet Union, resources are not
available to properly decommission the large number of nuclear submarines. Nor is funding available to developed
sufficient storage facilities on land for spent nuclear fuel (SNF) and other types of liquid or solid radioactive wastes
from these submarines (WHOI, 1993;Grischanow, 1997; Boehmer and Nielsen, 1995 and OTA, 1995),

Currently there are over 130 Russian nuclear submarines that have been removed from active service and placed in
temporary storage at Arctic naval bases. The majority (87) of these vessels belongs to the Northern fleet.
Currently, 10 of those have not yet been defueled (Griscbanow, 1997). These submarines are laid up at
Severodvinsk and nine other locations on the Kola Peninsula. The majority of the remaining submarines are located

' RINCAN (Institute for Nature Conservation of the Arctic and North), and AAR1 (Arctic and Antarctic Research
Institute), n Cbelieva Str., St. Petersburg, 193224. Russia, Tel (7) (812) 262-64-69.163-63-31, Tax (7) (812) 352-
26-88, <rintpn@rincan.spb.ru>
2 Russian Centre of International Academy of Ecology and Life Protection Sciences, 26 Avenue, 9-a, Basil Island,
St. Petersburg, 199026. Russia. Tel. (812)316-1003. FZ (812) 217-0077.
' RINCAN ((institute for Nature Conservation of the Arctic and North) 13 Chclieva Str., St. Petersburg, 193224,
Russia, Tel (7) (Si2) 262-64-69/263-63-31, Fax (7) (812) 352-26-88, <rincan@rincan.spb.ru>
' State Dunia, Federal Assembly of Russian Federation. Committee on Problems of the North. Moscow, Tel. (7)
fO95) 9120(^7-84, Fas (7) (095) 276-13-15.
1 University! of Alaska, Fairbanks and the Texas Engineering Experiment Station, Texas A&M University, 4601
North Fairfax Drive, Suite 1130, Arlington, Virginia 22203, Tel. (703) 525-7203, Fax (703) 525-7206,
<k vanderh(o)c lark.net>
7 Universityjof Alaska, Fairbanks and the Texas Engineering Experiment Station, Texas A&Vf University, 4601
North Fairfax Drive, Suite 1130, Arlington, Virginia 22203. Tel. (703) 525-7203, Fax (703) 525-7206,
<machamp(@aol.com>
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in the Russih Far-East (RFE), in Vladivostok Area (Bolshoi Kamen, and PavUjvsk) and around th.e Kamchatka
Peninsula. Over the course of the next 10 years, a total of 150 submarines will need to be decommissioned. Western
governments are reluctant to support decommissioning these submarines, because they are concerned that they may
inadvertent!} provide funding for waste processing which could indirectly keep Russian nuclear submarines
operational and at sea.

i

Most of the [submarines that have been deactivated from military duty in the former Soviet Union have only been
beached or moored in available or temporary space. Most nuclear submarines arc not being decommissioned and
decontaminated (D&D) due to lack of funds. D&D includes removal of nuclear reactors, weapons and wastes. The
moored submarines are constantly exposed to the severe climatic changes of the Arctic North and corrosion inherent
to the marirje environment. Consequently, most are in very poor maintenance. They are only provided enough
electricity id keep the reactors and pumps working. The vessels that still contain their nuclear fuel are under the
control and supervision of reactor watch and safety units. Unfortunately, due to the lack of funds, these crews arc
consistently undermanned, unpaid and have limited training.

Estimates an the quantity of nuclear wastes produced from the decommissioning and decontamination (D&D) of
nuclear submarines have been reported by Nielsen el ai (1996), van der Horst (1996a and 1996b) and Baklanov el
al., 1996). I As a general estimate, for example, one twin - reactor nuclear submarine alone can produce
approximately 2000 m3 of liquid radioactive waste, The decommissioning of a Delta 1 Class submarine produces
about 830 nj3 of liquid waste and about 500 fuel assemblies (solid waste) which require appropriate storage and
treatment (Nielsen ct al., 1996)

Spent Nuclear Fuel (SNF) Storage

The lack of jappropriate storage facilities is a significant concern for safe long-term storage of Spent Nuclear Fuel
(SNF) fromlD&D of nuclear submarines. The Northern Fleet's largest temporary storage facility for spent nuclear
fuel is situated at Zapadri3ya Litsa in Andreeva Bay, about 40 km from the Norwegian border (Boehmer and
Nilsen,1996|. Approximately 23,000 spent nuclcar fuel assemblies are stored here, corresponding to 90 nuclear
reactors. The fuel assemblies are Stored in three concrete tanks (in very poor condition). Fuel assemblies are also
stored outdoors in containers without shelter. There is also a smaller storage facility for spent nuclear fuel in
Gremikha. [n addition, there are 7 service ships, which arc used for storing spent nuclear fuel. On board these ships
are stored over 5,000 fuel assemblies, which arc considered to be in very poor condition (Baklanov et al., 1996). fa
may cases, SNF has been stored longer than 15 years.

Solid Radioactive Waste Sites

Approximately JQ.QOQ - 40,000 m' of solid radioactive waste (SRW) is stored at different sites in Russia Far East
and Northwest. All of these storage facilities are full and at a few of them, active SRW is stored in open fields
outside the storage buildings. These wastes are out in the open and their storage is not protected by any additional
containment structures. Additional amounts of waste will accumulate from decommissioning nuclear submarines.
Furthermore, current planning also includes the decommissioning of two units of the Kola NPP, the icebreakers
Lenin (already out of operation) Arctica and Sibir, and the laid-up service ship Lcpse. According to preliminary
estimations, the decommissioning process for Unit 1 and Unit 2 of the Kola NPP, and the icebreakers will yield
about 16,00d metric tonnes of SRW. (Nilsen et al., 1996). The volume of SRW generated 6om the submarine
decommissioning process is likely to exceed 50,000 mJ of all types of SRW.
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DISTRIBUTION OF PARTICULATE TRACE METALS ALONG VISAKHAPATNAM COAST
( BAY OF BENGAL )
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School of Chemistry, Andhra University, Visakhapatnam 530 003, India.

P.V.S. PRABHAKARA MURTY
Occupational Health Services and Research Centre, Steel Plant, Visakhapatnam 530
031, India.

Particulate trace metals (Mn, Fe, Co, Ni, Cu, Zn, Cd and Pb ), total suspended
matter ( TSM), and particulate organic carbon (POC) were analysed in the coastal waters
of Visakhapatnam ( Lat. 17°30' - 18°00' N, Long. 83°10' - 83°35' E, Fig. 1) along five
transects over a period of one year (September 1986 to August 1987 ). Sea water
samples were collected with Niskin water samplers ( 5 - 1 ) at different depths
10,20,30,40 and 50 m respectively. An aliquot of sample ( 2 - 1 ) was filtered through
a preweighed 0.45 jim membrane filter ( Millipore HA ). Filters containing particulate
matter were vacuum dried, weighed and subjected to acid digestion ( perchloric acid and
nitric acid mixture). They were analysed by Perkin - Elmer Atomic Absorption
Spectrophoto meter ( model 2380). Comparison of concentration levels of the particulate
trace metals obtained in the present study with those of other coastal and oceanic
(euphotic zone ) values was shown in Table . 1.

INDIA

63°l30'

T »* $>">
J**

RUSHIHILL&/,

LAWSONS BAY/>^ ' ~

\

1. Station locations along Visakhapatnam coast.

The range and average concentration of particulate trace metals of Co, Cu,
and Pb were found to be relatively high in harbour transect than other
( Gangavaram, Lawson's bay, Rushi hill and Bhimunipatnam ) which was due to the
impact of anthropogenic inputs (domestic sewage and industrial effluents ) into the
harbour and their subsequent dispersion into the coastal region. High concentrations of
particulate trace metals in the coastal water of Visakhapatnam was also evident from
the comparison (Table. 1) of overall concentration (range and average) with those of
coastal waters of Meditarranean [1] and euphotic zone of world oceans [2]. The impact of
particulate trace metal pollution was observed up to a distance of 5 Km from the coast.
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TABLE. 1. Comparison of concentration levels of paniculate trace metals in coastal
waters of Visakhapatnam with other regions.

Mn Fe Co Ni Cu Zn Cd Pb

Present Study (nmol.dnv3 )

1.50-431 115-5585 ND-98 ND-250 ND-243 8.41-321 ND-18 ND-106
(87) (1810) (26) (39) (52) (107) (1.71) (22)

Present study ( ng.g ' , dry wt.)

5.91-4167 644-47500 ND-643 ND-1568 ND-3923 20-3680 ND-340 ND-4853
(402) (7872) (107) (173) (265) (528) (16.3) (453)

Mediterranean coastal waters [1] (nmol.dm ~3)

ND-41 ND-33 6.21-370 ND-7.1 0.5-64

(8.5) (6.3) (87) (1.78) (11.6)

Oceanic values [2] (ng.g -1, dry wt..)

529 — 13 200 220 —- 58

Values in parenthesis are averages; ND = Not detected

Particulate trace metals (Fe, Co, Ni, Cu, and Zn) showed significant positive
correlations among themselves and with TSM indicating their close association and
common source of occurrence. They are believed to be incorporated in the lattice
positions of clays and aluminosilicate minierals. Significant positive correlation was also
observed between TSM and POC indicating their common association.

Except, Pb all other trace trace metals showed an increasing trend from surface to
bottom waters, which was attributed either to their precipitation as hydrous oxides (Fe
and Mn) or to their scavenging from sea water by hydrous oxides of Fe and Mn,
incorporation in phytoplankton or particulate matter (Co, Ni, Cu, and Cd). On the other
hand, decreasing trend of Pb from surface to bottom was attributed to anthropogenic
atmospheric input.

Present study infer that the concentration levels of particulate trace metals in
coastal waters of Visakhapatnam were relatively high and needs continuous monitoring
so as to assess the health of coastal zone and suggest remedial measures if the levels
exceed to hazardous limits.
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ENVIRONMENTAL RADIONUCLIDES TO ASSIST IN
ESTUARINE SEDIMENT TRANSPORT STUDIES

N. H. QUANG, P. S. HAI, N. M. XUAN, B. Q. TRI
Dalat Nuclear Research Institute, Dalat, Vietnam

P. D. HIEN
Vietnam Atomic Energy Agency, 59, Ly Thuong Kiet, Hanoi, Vietnam

In sediment transport studies data on grain size compositions are of primary
importance for modelling purposes. Normally, in order to obtain the grain size
distribution pattern for the area studied, a large amount of sediment cores are to be
recovered from the field and their grain sizes are subsequently analysed in the
laboratory. Such works are time consuming and fail to be applied particularly for
cases when the grain size distribution pattern changes very fast e.g. under abnormal
hydrometeorological conditions.

In this paper an alternative approach is proposed making use of in-situ environmental
radionuclides (uranium and thorium series and 40K) for characterising bed sediment
grain size compositions. The observed trend of enrichment of metals (including
radioactive ones) in clay minerals relative to sand particles [1] suggests a possible
correlation between the gamma background and the relative abundance of fine
particles in bed sediment.

The suitability of the proposed approach is demonstrated through experiments carried
out at Haiphong estuary area. Increasing siltation of the access channel to Haiphong
port, especially along the reach between buoys No 10 and No 16 (Fig. 1) has forced to
reduce the freight-carrying capacity of cargo vessels from 10,000 tonnes to 5000-6000
tonnes over the last two decades. A number of radiotracer experiments have been
carried out to assist in clarifying the various aspects of siltation in the area [2]. During
these experiments the tracking of bed radioactivity background was to be done and
one of such background distribution patterns is shown on Fig. 1. The gamma radiation
was detected by an immersed 2"x2" Nal(Tl) detector which was dragged at an average
speed of 1-1.5 ms'1. The gamma background and the position of the boat were
recorded in every 10 seconds. The average distance between tracking lines was about
150 m.

Sediment cores were recovered at positions marked by triangles in Fig. l.The grain
size composition was determined by sieving and by Stock law method. The regression
of d5u values against gamma counts (x) yields the following linear equation:

= -0.17x+183, R2 = 0.92

The evidence of the grain size dependence of gamma background was supported by
measuring the specific activities of environmental isotopes in the various size
fractions using a low background gamma spectrometer. The results show that fine
particles of less than 10 [im are enriched in 40K and isotopes of uranium and thorium
series by a factors of 2-3 relative to coarse sand particles. '"Cs is attached mainly on
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Fig. 1. Gamma background distribution (counts per ten seconds) in the vicinity of the
access channel to Haiphong port. The positions of sediment cores recovered are
marked by triangles.
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clay particles at the level of 2-4 Bq kg"1. Its contribution into the gamma background
is about one order of magnitude lower than that from the above naturally occurring
isotopes.

Thus by tracking the gamma background semiquantitative information on the grain
size composition of bed sediment can be obtained. Some practical uses of the method
are shown and discussed in the paper.
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Distribution and pathways of lead into the coastal zone of
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Since the source oC lead a te diverse in or igin and being
a non-essenLial element for b io logica l oryanisms, occur in the
enviiOuiiiLMit in many d i f ferent chemical forms. samples collected at
various pa r t s o£ the ci ty during monsoon and non-monsoon periods
revealed that Ouriny monsoon the lead i s released from the r iver
sediment in to the overlying waters and ace transported in to the
c a s t a l zone along with monsoonal flows. The range of concentration
of t o t a l lead varied upto l67 ijg/g.

Higher sediment lo^d of lead (335 vjg/g) was noticed in thi
ea tuar ine and backwaters than in i.he near shore ceoion of the
coas t . This suggest that the r iver systems are Che soulue for lead
in the c o a s t a l zone of Chennai. I t i s possible therefore the
coas ta l sediments act as sink for t race metals during summer and
re lease lead to the overlying watuts duiino monsoon and t ranspor ts
them to the of/shore waters. Our work suggest the existence and
an increasing trend of t r ace metal pol lut ion threa t to the
nearshortj wateis of the coas ta l zone of chennai.
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THE RAMOGE AGREEMENT
RAMOGE Committee, Monaco

Within the framework of a policy directed towards the protection and even rescue of
the natural environment and its ressources , His Serene Highness Prince Rainier III of
Monaco took the initiative in proposing, in autumn 1970, the creation of an experimental
zone to fight against marine pollution in this mediterranean region , both popular with
tourists and envied for its climate.

This initiative was supported by the International Committee for Scientific Exploration
of the Mediterranean Sea (C.I.E.S.M.),. The project was called RAMOGE, a name taken
from the first syllables of the three towns of St. RAphael, MOnaco and GEnova, situated on
the boundaries and at the centre of the selected pilot zone. These limits have since been
extended to the towns of Marseilles and La Spezia .

This project materialized through the signing on 10 may 1976, of a tripartite
agreement between France , Italy and Monaco, fixing the principles of a close cooperation in
view to fighting against the different forms of marine pollution that they have been noticed in
this zone.

THE OPERATIONAL ORGANS OF THE RAMOGE AGREEMENT

The RAMOGE Agreement brings three operational organs into play :

1- The Committee
It is the executive organ of the Agreement, responsible for carrying out the tasks

specified by the Agreement to a successful conclusion.

2-The Technical Committee
Its job is to assist the Committee in the different aspects of its work

3-Work groups
The Committee defines work groups in charge of studying special questions for which

it fixes the mandate and operational budget.

WORK SYNTHESIS

The work of the RAMOGE Committee may be analysed following three phases :

The first phase (1982-1990 ) was the object of a general Report . During this phase, the
Committee's task consisted mainly in furthering and inciting studies and research , exchange
of information and meetings of experts within the framework of a scientific cooperation...

The study of the catchment areas of the Ramoge zone is a typical example of the
work conducted jointly during this phase.

The second phase (1990-1993 ) may be considered as a phase of specific work, reflexion
on the direction of the work and intensification of actions to raise awareness, with regard to
educational establishments in particular. During this phase the preliminary conditions for a
better consideration of the specific identity of the RAMOGE zone were prepared, namely :
• the extension of the zone to provide it with its own ecological dimension where common

norms could be adopted to assess the quality of the environment,
• the beginning of the comparison study between the regulations concerning the fight

against marine pollution that are in force in the three countries.

610



The phase of work in progress
Initiated during the three-year programme 1994-1996 and oresently implemented

through the biannual programme 1998-1999 this phase concerns the integrated
management of the Ramoge Littoral. This task is currently being completed through the
combined efforts of ten work groups incharge of the following tasks :

1- to take « photogaphs » of the Ramoge littoral, as it appears today, in order to be
able to deduce from i t , after analysis, suggestions for the benefit of the decision-
makers who administer this Ramoge zone. These « photographs » are collected in a
G.I.S. ( Geographic Information System ).
2- to deal with tourism aspects and particularly with the evaluation of the seasonal
population in the RAMOGE aera .
3 - to define and evaluate through a specific embryonic measuring network the
impact of pollution generated by yacht-ports and marinas .
4- inventory of existing and projeted marine protected area and identification of area
of specific biodiversity interest deserving protection.
5- to care with the problems of erosion along the RAMOGE littoral. A beach atlas is in
progress together with a notebook of recommandations for decision makers, to be
consulted before emplementig new anti-erosion marine works along the RAMOGE
littoral
6- to try to define a common harmonized network for analysing the quality of the
marine waters and living matter along the RAMOGE costs.
7- to elaborate a RAMOGE position as regard the new projeted european regulation
for bathing waters.
8- to update the study of the catchment areas of the RAMOGE zone which
constitutes one of the main sources of pollution having a telluric origin which may
affect the quality of the littoral waters.
9- to draw up a comparative report of the administrative organization and regulations
of the three countries as regards littoral management
10- to define and implement awareness actions in favour of marine environment
protection.

It thus appears that the RAMOGE Committee, executive organ of the RAMOGE Agreement,
is above all a place for dialogue where the three States define jointly the studies to be
conducted in order to understand better the data concerning the RAMOGE zone which
influences the quality of the littoral waters.

In the same way, the studies undertaken permit each entity of the RAMOGE zone to benefit
from the initiatives and experiences of the neighbouring entities.

The economical and geopolitical importance of the Mediterranean basin does not stop
growing. The necessity for a collaboration between neighbouring countries proves to be
fundamental.

RAMOGE. which stretches along the littorals of the region of Provence-Alpes-Cote d'Azur,
the Principality of Monaco and Liguria,constitutes the marine facade of a zone of financial
importance within a sensitive environment.

On different occasions the United Nations, during the Conferences in Rio and Barcelona,
and the European Union called for the revival of a regional environmental cooperation in the
Mediterranean.
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Natural and Artificial Radionuclides in Southern of Gulf of Mexico
Marine Sediments.
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Tecnologia Avanzada, Institute Politecnico Nacional, A.P. 1-475 Centro
Cuernavaca, 62001, Morelos, Mexico.

Thirty US Nel Box sediment cores were collected in water depths of 20 to 2,000 m
in the southern Gulf of Mexico (GOM) during the summers of 1993, 1994 and 1995
(Figure 1). Cores penetrated 30-cm into bottom sediment, were sub-sampled into 2
cm thick slides and frozen for posterior analysis.

96 97 96 95 94 93 92 91 90 89 68 87 86 85 84 83 02 81 80 79 76
LONGITUDE

Figure 1. Gulf of Mexico and sediments samples stations of OGMEX XI.XII and XIII 1993to 1995.

Sediment sub-samples were analyzed by XRD to determine mineral composition
and further analyzed in a HpGe gamma-spectrometer using a 21000 seconds
counting period.
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Preliminary sediment core analysis results reveal presence natural Ra226, Bi-214,
Pb-214, Pb-212, Th-232 and K-40 within 0-4 cm sediment depth (figure 2).

Figure 2. Bi-214, K-40, Pb212 and Pb214 activity in Bq/Kg of station 10 in the Campeche
continental shelf in GOM.
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These results constitute the first ever sediment radionuclides data sampled in
mexican waters of GOM.

Special thanks to: Ing. Erendira Maxines Castafieda Sediment Laboratory of Grupo
de Estudios Oceanograficos IPN, M.Sc. Hugo A. Adriano Ceballos Area de
Electr6nica y Conteo and M.Sc. J. Raul Ortiz Magafia Gerente de Seguridad
Radiologica of Comisi6n Nacional de Seguridad Nuclear y Salvaguardias.
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Time-trend in the deposition of Sellafield derived plutonium in the northeastern

Skagerrak high sediment ackumulation rate area.
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2) Department of Analytical and Marine Chemistry, Goteborg University and Chalmers University of
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A large proportion of the fine-grained material deposited in the Skagerrak and northern
Kattegat has been found to originate in western and central Europe, being transported in
suspension to the Skagerrak (e.g. Kuijpers et al., 1993). The highest accumulation rates of
sediment have been found to be in the northeastern and eastern Skagerrak (Van Weering et al.,
1987).

The Surface water exchange of the Skagerrak is dominated by a counterclockwise circulation
with water from the North Sea entering the southwestern Skagerrak via the Jutland Current
going in a northeasterly direction along northern Denmark. Low-saline water from the Baltic
Sea is transported with the Baltic Current northward through the Kattegat into the
southeastern Skagerrak where it is mixed with water from the Jutland Current and the
resulting current goes mainly northward into the northern Skagerrak. Water is exported out of
the Skagerrak into the North Sea and the Norwegian Coastal Current in a southwesterly
direction aliong the southern coast of Norway.

There is in other words three possible source terms for radionuclides in the Skagerrak
sediments, Sellafield and La Hague reprocessing releases, global bomb test fallout and
Chernobyl fallout in the Scandinavian region, especially the Baltic Sea.

Contaminants injected into the western North Sea may however enter the Skagerrak not only
via surface water as described above but also via bottom currents. The western North Sea
sediments is a long-term source for suspended matter transported via bottom currents into the
Skagerrak. Distinct bottom nepheloid layers have been observed at several stations in the
Skagerrak (Van Weering et al., 1993).

Recent fluxes of Sellafield derived plutonium isotopes have been determined in a carefully
dated (210Pb, 228Th and 234Th) sediment core from the high sediment accumulation rate area in
the northeastern Skagerrak. With sediment accumulation rates in the order of 5 kg m'2 y"1 this
region is a major sink for particle reactive pollutants in the North Sea. Integrated 210Pb levels
in the investigated core was 15900 Bq m"2 which corresponds to a annual flux of about 490 Bq
m~2. This is roughly three times the normal flux in this region.

Although concentrations of plutonium in Skagerrak surface water have decreased
substantially during the last 15 years the input of plutonium to these sediments have not
changed much, meaning that the main source is resuspended sediments from other parts in the
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North Sea. The ^Pu/239*240!^ ratios in the upper layers of the core of about 10% clearly shows
that Sellafield plutonium is still depositing to a large proportion in the area. It is also clear that
the suspended matter carried by the Baltic Current have only small influence on the deposited
material in this region although there is a clear Baltic signal in the surface waters. The
observed 134Cs/n7Cs ratios indicate that only a low fraction of the deposited material originates
from the Baltic Sea.
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Modeling Receiving Water Quality Responses to Brackishwater
Shrimp Aquaculture Farm Effluents

Rajat Roy Chaudhury' , K.V. Ramana Murthy2 and Prof M. Ravindran'

INDIA

A monitoring and modeling program was initiated in June 1995 to assess the water
quality impacts of brackishwater shrimp aquaculture. India in the recent years has been second
to China in world wide shrimp aquaculture production. The economic benefits, however, are
accompanied by several reports of the environmental damage caused by aquacuiture. When this
project was initiated, a major concern was the loss of the crop due to the outbreak of shrimp
diseases that virtually wiped out the production along the East Coast of India with an estimated
loss of US$70 million.

This monitoring and modeling program was designed to assess the water quality impacts
from brackish water shrimp aquaculture farms on an estuary located near Vishakapatnam, in
Andhra Pradesh, India.

The objective was to perform a waste load allocation and determine the extent of
aquaculture that the creeks can sustain, by meeting the water quality criteria for both the creek
ecosystem and pond culture. Based on these results, similar assessments may be performed for
other sites supporting large scale aquaculture activities. This paper introduces the sampling
program and modeling methodology of the study.

The study area has 21 farms with 194 hectares (ha) of land utilised for brackishwater
aquaculture with 97.7 ha intensive, 93.9 ha semi-intensive and 2.8 ha extensive. The farm sizes
range from 26.4 ha to 2.8 ha. The five largest farms occupy 104 ha (53.5%) of the farmed area
and four of these farms practice semi-intensive farming. Since the disease of 1994, 19 farms
(183 ha) have been disinfecting the influent water in reservoir ponds prior to utilisation in the
tanks. The ponds currently exchange 25 % of the water once in a week. The previous practice
was to exchange water everyday. There is no treatment of the effluents.

The water quantity and quality data was collected from the 9 creek water quality stations
(WQS) and the 10 pond stations once every fortnight during high and low tides. Three crop
cycles have been sampled. The period between the crops was also being sampled at the same
frequency. Typical crop periods are 4 months in duration, thus resulting 8 sampling days per
crop. There have been 30 synoptic sampling days covering the creeks and pond effluents.

Each station has a tide pole referenced to the chart datum for stage measurements. The
fortnightly water quality monitoring program at high and low tides in the creeks measures of
Temperature, Salinity, Dissolved Oxygen. Turbidity, Total Suspended Solids, BOD. dissolved
nutrients (ammonia, nitrite, nitrate and phosphate) and hydrogen sulphide; and microbiological
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parameters (total bacteria, total vibrio, total coliform and salmonella). Samples are also taken of
the bottom sediments for microbiological parameters. In addition, three surveys are carried out
for twenty four periods with samples taken every four hours for all the parameters listed above.
The three 24 hour surveys are used for calibration and validation of the model. The fortnightly
observations are used for validation of the model run in the continuous mode.

Farm sampling for the chemical and microbiological parameters was similar to the creek
sampling while the physical data includes farm and pond size, feed and pond management
characteristics, and volume of influent and effluent. Additional data on the freshwater inflow,
tidal regime, land use characteristics, precipitation and atmospheric temperature is derived from
several government agencies. All data collection adheres to standard procedures (APHA,
AWWA, WEF 1995) with a QA/QC document prepared for this project.

The modeling component includes the calibration and validation of a two dimensional
finite difference model for hydrodynamics and water quality (WQMAPW) developed by Applied
Science Associates (1996). The model adopts a boundary-fitted coordinate approach. It contains
a grid generation program that uses a set of quasi-linear elliptic transformation equations. The
hydrodynamic model utilises continuity and momentum equations, solved in the curvilinear
coordinate system. For dissolved oxygen and microbiological parameters, WQMAP utilises
WASP5 kinetics (Ambrose et al 1985). The model utilises a simple GIS interface, ASAMAP for
decision support, and pre and post processing of the model.

At the current rate of activity, there are violations of the Dissolved Oxygen criteria in the
receiving waters for approximately two hours in the early dawn period. Initial analysis of the
water quality data suggests a direct relationship between dissolved nitrate and bacterial
concentrations with production, for the upstream station of the Malagedda, where the flushing
time is the longest. However, since this observation is based on a single season production data,
verification is essential.

The modeling for the hydrodynamics of the creeks has been performed with typical with
an average error of 0.1 m for the high and low tide. Preliminary modeling for the water quality
was begun with bacterial concentrations of total coliform and vibrio counts, based on the
assumption that shrimp production is the cause for high bacterial counts in the receiving waters.
Using average effluent concentrations as inputs from the shrimp farms, modeling of scenarios
suggest the obvious that a common effluent treatment plant with a disposal point near the open
boundary would significantly decrease bacterial concentrations in the creeks.

Selected References:

1. APHA, AWWA, WEF 1995, Standard methods for Examination of Water wastewater,
APHA, 1015, 15th street, NW, Washington 20005, U.S.A.

2. Ambrose et al. 1993, The Water Quality Analysis Simulation Program, WASP5, Users's
Manual, U.S. EPA, Athens, Georgia, U.S.A

3. Applied Science Associates (1996). WQMAPW Users Manual. Rhode Island, USA.
4. Bowie et.al 1985. Rates, Constants and Kinetics Formulations in Surface Water Quality

Modeling, EPA/600/3-85/040, U.S. EPA, Athens, Georgia, U.S.A
5. Robert V.Thomann & John A Mueller 1987, Principal of Surface Water Quality Modeling &

Control, Harper & Row Publishers, New York, U.S.A.

617



IAEA-SM-354/206P XA9951452

THE RESPONSE OF BLOOD AND LIVER ANTJOXIDAN'l SYSTEM IN
TWO BLACK SEA FISH SPECIES AS BIOMARKERS OF POLLUTATIVE
EFFECTS

I.J.RUDNCVA

Institute of the Biology of the Southern S'eas National Academy Science of Ukraine,
Sevastopol. Ultainc

Antioxidant system, including enzymes and low molecular weight scavengers is the
most important, defence no u specific system of living organisms, developed during
evolution [1,2]. It* responces on the effects of different unfavorable factors reflect the
adaptative mechanisms and stability of organisms to environmental stress, including
anthropogenic impact. Thus, the parameters of antioxidant system ( enzyme activities
and low molecular weight antioxidants content) could reflect the organism status in
changing environmental conditions. One of the most stressful factors for aquatic
animals is PCB. The PCB arc widely distributed xenobiotic in aqautic areas. They arc
bioconccntrated in animals both from water and sediments and through the food
chains. Tissue accumulation and biotransformation of PCB in aquatic animals
induce the lipid pcroxidation processes and increase free radical production, which
damage proteins, cell components, DNA, etc. Antioxidant system componeuets protect
living organisms against this damage and play a great role in the processes of
physiological and biochemical adaptation to unfavorable effects.

Black Sea fish species Mullus barbatus ponticus and Scorpaena porcus liver and
blood antioxidant system was studied upon the effect of PCB in concentration 5 rog
per 1 marine water in laboratory conditions. Antioxidant enzyme activities,
antioxidant contants and lipid pcroxidation parameters were determined as we
described previously [3], Elcclrophoresis of blood serum proteins was carried on in 7%
polyacrylamidcgcl [4],

The increase of supcroxidc dismutasc, catalasc and pcroxidasc activities on 30-70%
were found in liver of fish, exposed in PCB (Fig 1), while the level of carotenoids and
vitamin A varied insignificantly. The enhancement of lipid pcroxidation index,
contents of conjugated diens and lipid peroxides reflected the induction of free radical
processes in liver cells of treatment fish. Electrophoretic studies of serum proteins
and SH-containing groups (total, protein, non-protein) in both fish species showed the
increase of Fc-containing serum proteins ( Fig.2) and significant decrease of SH
groups content in blood of fishes, exposed in PCB. The identical tendency was found
for lipid-soluble antioxidant vitamin A in serum of treatment fish ns compared to
intact ones.
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Data obtained can reflect the role of antioxidant system ( enryrnatic and
nonen/ymatic) in the protection of fish to PCJi effects. Those results ngree with our
previous data, which demonstrated the identical tendency if fish li»er and serum to
gamma-irradiation effects [ 5J. Thus, study of parameters of antioxidant system,
especially supcroxide dismutase, catalasc activities, contents of Fc-conlainitig proteins
and SH-groups in blood serum can reflect the adaptative possibilities of marine
organisms to environmental stress and could serve as important biomaikers
(nonspecific) for the analysis of pollution impact and should be applicable for
njonitorina studies.
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The Marine Pollution of the Baltic Sea and the Maritime Traffic
Scenarios up to 2010

Jorma Rytkonen
VTT Manufacturing Technology

P.O.Box, FIN-02044VTT; Espoo, Finland
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Vladjeslav Roumiantsev and Alexei Levchenko
Institute for Lake Research

Sevastyanova Str, 196199 St, Petersburg, Russia
Fax:+7-812-298-7327

The new harbour proposals and fairway projects of Russia in the Gulf of Finland, harbour
development plans of the Baltic countries, new ideas of the integration of the transportation and
the growth of the volume of the sea transportation will increase the various environmental
impacts. At the moment Russia has decided to have three new harbours in the Gulf of Finland,
and some speculations of several smaller ones has been presented, too. The existing harbours are
also under reconstruction and improvement works, thus the whole traffic volume up to the year
2010 will more than double compared to the current transportation figures.

The maritime traffic in connection to the huge Pan-European Corridor Development plans were
widely discussed in June 1997 in Helsinki during the International Transport Seminar. The future
investments to the transport sector and logistical plans will integrate the existing harbours with a
new network of highways, railways including the ideas to build up a dense pipe-line network for
oil and gas transportation. All these wide improvement scenarios will increase the growing risks
for marine life due to the offshore activities and marine transport. Thus strong research
programmes should be initiated and carried out in international level to increase the maritime
safety, to decrease the threat of pollution and the develop economical tools to combat against
accidental spills.

VTT Manufacturing has since the Antonio Gramsci oil accident 1987 tried to increase the
international co-operation among the oil combating in the Baltic Sea. A lot of works has been
conducted with the oil combating authorities. The current research projects have covered
mechanical oil skimmers, biological oil remediation and special oil combating facilities needed
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in winter-time activities. The cooperation has been carried out both in local level and in an
international level supported by local authorities and EU. VTT has also worked actively in the
fields of risk assessment and maritime safety.

Institute for Lake Research (ILR) has a long background in the ecological research of the Gulf of
Finland. It has widely participated the Russian oil spill studies, conducted basic environmental
studies, and was coordinated Russian research work in the Gulf of Finland Year 1996-
programme between Estonia, Finland and Russia. ILR has worked in the supervision of the
Russian Federation and thus has a wide perspective in the Leningrad region, not only due to the
excellent relationships and reputation among the Russian Academy of Sciences.

The first concrete initiation for the joint international research programme to study the
environmental impacts and risks due to the new traffic scenarios was officially made by VTT in
1994 during the meeting of the Experts on Ports and Maritime Transport in connection of the
Council of the Baltic Sea States. In Principle nothing has been changed after 1994. Perhaps the
only change of the need for international need is more urgent because the more higher port and
transport development figures and the harbour construction works started in the Eastern Part of
the Gulf of Finland.

This paper describes the new research programme driven by Finnish and Russian scientific
institutes and governemental bodies. The main goal of the study is to improve the ecological
safety of the Gulf of Finland and to produce scientific data on the possible consequences due to
the possible environmental threats such as oil spills, ship collisions, grounding and construction
works. The work will be carried out in connection of the proposed Gulf of Finland cooperation
between Estonia, Finland and Russia. Thus this work will be later widened with the participation
of the Estonian research organisations.
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Marine Environmetal Gamma Radiation and Radon Measurements near the
Venezuelan Coast

Sajo-Bohus L., Palacios D., Gomez J., Greaves E. and Barros H.
Universidad Simon Bolivar, Caracas - Venezuela

The use of energy in latin american countries is increasing and already the levels
reached are of such an extend that its environmental impacts have become important at
global scale. Venezuela has an energy consumption per capita twice as much as the regional
average and it is therefore expected to contribuite in higher proportion to the environmental
pollution including radioactivity. Thought, the Country is a non nuclear one, the
environmental radioactivity of the surface may be modified due to the oil and mineral
exploitation. It is estimated that the human activity is an influencing geomorphic agent and
certainly at the present the growing industry in Venezuela is not an exeption.

In this study we present a sistematic study of the coastal marine environment where
the human activity is important in order to show the non nuclear industry contribution. It is
expected that the use of fossil fuel (carbon and oil) to produce energy will increase the
radioactivity level in the coastal marine environment. Venezuela has large power plant on
the northern coast. It is estimated that the plants in question (400 MW each) may release
with the fuel gas and as ash a large amount of radioactive elements including Radon-220 and
222, Lead-210, and other alpha emissors such as Polonio-210, Radio-226, and 228 other
than the uranium and thorium isotopes. Measurements recently obtained indicate that
different fuel oil (with activity of 91 -92 Bq/kg), used in Planta Centro produce
concentration of the radionuclides between 52 and 288 Bq/kg. Being the most intense the
thorium-228 and lead-212.

We measured marine samples of sediments, water, sand and corals. On the Litoral
Central we recolected deposited particulate transported by the wind and expected to drift to
the sea during the rain season or moved again by the wind that will enter the marine
environment lateron.

The set of samples were analyzed using a low background high energy resolution
gamma spectrometer supplied by the Int'l Atomic Energy Organization. Mainly the naturally
occurring radioisotope were identified.

The obtained results gives reference values of the human activity on the coastal
marine pollution due to the fuel oil consumption and industrial discharge
To be presented at the Int'l Symposium on Marine Pollution, Principality of Monaco, 5-9 Oct. 1998
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CONTEXTE MEDITERRANEEN DE LA CIRCULATION DES EAUX LE LONG DES
COTES TUNISIENNES

C. SAMMARI
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Institut National des Sciences et Technologies de la Mer,
2025 Salammbô, TUNISIE

La force principale qui contrôle la circulation générale des masses d'eau en Méditerranée résulte
de son caractère de "bassin de concentration". Par différents mécanismes thermodynamiques
(evaporation, transports, formation d'eau profonde en hiver,....) la Méditerranée fabrique une eau
relativement dense qui occupe 70% de la totalité du bassin (MILLER et STANLEY, 1965) pour
finalement s'écouler vers l'Atlantique. Les flux de sens opposés dans le détroit de Gibraltar sont dus à
des gradients horizontaux de pression dirigés vers la Méditerranée dans la couche de surface et vers
l'Océan dans la couche profonde.
L'évolution spatiale de la densité sur la verticale montre un mouvement généralement orienté vers l'Est
dans les couches de surface, alors que, dans les couches intermédiaires, le mouvement dominant est
dirigé vers l'Ouest. Cependant, la force de Coriolis tend à générer des trajectoires cycloniques dans les
différents sous-bassins, commençant par le détroit de Gibraltar pour les eaux de surface, par le bassin
nord-est Levantin pour les eaux intermédiaires, et finalement par les différentes sources d'eaux
profondes (Golfe du Lion par exemple) pour les eaux profondes. Mais il y a des exceptions notables à
ce schéma, en particulier dans les eaux de surface: des gyres anticycloniques existent à l'ouest de la Mer
d'Alboran, en plusieurs endroits le long de la côte algérienne, dans le Golfe de Syrte. De plus, plusieurs
tourbillons existent dans la partie centrale des différents bassins, et en particulier dans le bassin Ionien.

Les vents, cependant, très irréguliers dans leur intensité et dans leur distribution spatiale et
temporelle influencent la circulation générale, en particulier, dans les régions sur lesquelles soufflent des
vents forts et réguliers: la "Tramontane", par exemple, occupe un rôle majeure sur la partie ouest du
Golfe du Lion et le long de la côte nord-est de l'Espagne.

La salinité de l'eau atlantique croît à mesure qu'elle progresse vers l'Est pour parvenir aux côtes
du Moyen-Orient. L'eau chaude et salée que l'on rencontre à la surface entre les îles de Rhodes et de
Chypre à la fin de l'été, connaît une intense evaporation suivi d'un refroidissement en hiver dû aux vents
secs et froids émanant des hauts plateaux de Turquie. Ces effets atmosphériques induisent des mélanges
dans les 150 à 200 premiers mètres, dont il résulte la formation d'une masse d'eau type: l'eau Levantine
(T=15.7°C, S=39.1, a t =29,00) qui s'écoulent dans tout le bassin Est autour de 300 mètres de

profondeur. Cette eau intermédiaire se dirige lentement vers l'Ouest. Au moment ou elle traverse le
Canal de Sicile, affectée par les mélanges avec les eaux adjacentes, ces caractéristiques moyennes sont
alors T=14.0°C, S=38.75. Cette eau alimente le bassin Ouest en rejoignant le mouvement cyclonique
de la circulation générale à une profondeur intermédiaire juste au dessous l'eau Atlantique et dessus de
l'Eau Profonde.

L'organisation globale de cette circulation correspondant aux caractéristiques décrites ci-dessus
confèrent au bassin, en vertu des lois de l'hydrodynamique, une dissymétrie Nord-Sud en particulier
dans bassin occidental. En effet, la circulation est très turbulente le long du continent africain et
relativement stable le long du continent européen. D'un côté, la turbulence accélère la dispersion des
polluants et des nutriments et favorise en particulier un développement relativement important de toute
la chaîne alimentaire. De l'autre côté, une circulation faiblement énergétique est peu favorable pour le
développement des processus biologiques et pour la dispersion de produits polluants.

Les grands traits du cheminement de l'eau d'origine atlantique sont globalement bien représentés
sur les schémas les plus courants (Ovchinnikov, 1966). Le problème résident dans la forte variabilité
spatiale et temporelle qui caractérise cet écoulement et dont l'estimation est souvent biaisée. Cette
variabilité se manifeste, en particulier, par deux types de phénomènes, les zones frontales et les
structures turbulentes de moyenne échelle. Autrement dit, la circulation générale réelle n'est pas à
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l'image des lignes de courant se contractant dans les détroits ou s'épanouissant dans les bassins
successifs; les courants qui animent les eaux superficielles sont fortement instables, forment des
méandres qui génèrent des tourbillons, qui peuvent venir ensuite interagir avec eux.

La circulation de l'eau d'origine atlantique, entre le Détroit de Gibraltar et le canal de Sicile,
présente des caractéristiques fondamentalement différentes selon que l'on se trouve au large des côtes
marocaines, algériennes ou tunisiennes. A l'ouest, cette circulation est relativement stable et étroitement
liée à la géomorphologie du détroit de Gibraltar et de la mer d'Alboran. A la sortie de cette mer, la
circulation est, généralement, dirigée des côtes espagnoles (2°W) vers les côtes algériennes (1°W); cette
circulation prend ensuite la forme d'une veine de courant qui coule vers l'Est le long de la côte africaine
et devient généralement instable à partir de 1-2°E (Millot, 1985). Des méandres puis des tourbillons
cycloniques et anticycloniques se développent; les tourbillons dérivent vers l'Est à des vitesses de

quelques cm.s ' \ mais seuls les anticycloniques croissent jusqu'à atteindre un diamètre de l'ordre de 100
km). Ils s'éloignent ensuite de la côte et sont parfois repérés sur des thermographies pendant plusieurs
mois, ils peuvent alors atteindre des dimensions de plus de 200 km et revenir vers la côte pour interagir
avec la veine de courant (Taupier-Letage et Millot, 1987).

Le canal de Sardaigne est la région la moins étudiée de la Méditerranée occidentale. Néanmoins,
des résultats plus récents basés sur l'analyse des données de la campagne MEDIPR0D5, (Benzohra et
Millot, 1993) suggèrent qu'une partie de LIW coule vers l'est le long du talus algérien, ce qui contredit
les résultats de Garzoli et Maillard (1979). Il est tout à fait plausible de penser que la circulation des
eaux qui est généralement parallèle à la côte tunisienne peut certainement lui devenir perpendiculaire en
présence d'un tourbillon, et entraîner à la côte des mouvements verticaux qui influenceront directement
la distribution des sels nutritifs et de la biomasse phytoplanctonique. Ces tourbillons entraînent l'eau
d'origine atlantique des côtes algériennes vers le large, leur influence pouvant se faire sentir loin vers le
nord. En revanche, leur progression vers l'est est empêchée par le développement du plateau continental
le long des côtes tunisiennes. Ils perturbent ainsi la circulation de l'Eau Levantine Intermédiaire (Millot,
1987-b) s'écoulant à partir du bassin Est.

La description précise de la dynamique des masses d'eau au large des côtes tunisiennes demeure
donc assez peu précise. Les récentes données hydrologiques collectées dans la région clé que constitue le
canal de Sardaigne et le détroit de Sicile ont permis de mieux décrire les principaux phénomènes qui
prévalent dans cette région et qui affectent la circulation à l'échelle de toute la Méditerranée. Ainsi,
l'intense variabilité à moyenne échelle qui caractérise le détroit de Sicile constitue un des principaux
résultats auquel l'analyse de ces données a permis d'aboutir (Sammari et al., 1997).
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Sediment core samples from 8 stations in the Gulf of Thailand were collected
during September 1992- August 1994. The sample sites were chosen in the followings
( Fig 1) : Upper Gulf of Thailand, near Chao Phraya River mouth (very high risk area),
Upper Gulf of Thailand down to Ban Don Bay, Surat Thani ( high risk area), along the
coastal area of Rayong, Nakorn Srithamarat and Phuket Island ( medium risk area), and
along the coastal area of Chantaburi and Trad province (low risk area) ( Rungruangsin,
1989 (in Thai)).

Sediment cores have been dated by 210Pb dating method. Aliphatic and aromatic
hydrocarbon have been analyzed by gas chromatographic technique. Total n-alkane in
surface sediment were 0.237-2.210, 0.672, 0.458, and 0.118-0.171 ug/g dry weight with
the average of 0.940, 0.672, 0.458, and 0.144 ug/g dry weight for area 1, 2, 4 and 3
respectively. Total n-alkane in surface sediment in area 4 were higher than those in area 3
eventhough area 4 was considered as the lowest risk area probably due to the
development of industrial complex along the east coast( Rayong, Chantaburi and Trad
provinces). Comparison of total n-alkane in the Gulf of Thailand showed the high value to
be at the station near-shore and tend to decrease with the distance away off-shore.

Polycyclic aromatic hydrocarbon ( PAHs) at all stations were found to be rather
low in concentrations and few in species. Therefore the analysis had been done on surface
sediment samples only. Concentration of PAHs in the Gulf of Thailand sediment ranged
from trace-0.095 u.g/g dry weight with the average of .044 (ig/g dry weight in the Upper
Gulf ( area 1), .067 u.g/g dry weight in area 2, .043 u.g/g dry weight in area 4, and ranged
from .014 -.067 with the average of .046 u.g/g dry weight in area 3.Total PAHs contents
were not significantly different with respect to area of the sample site.

Hydrocarbon contamination was found in near-shore sediments particularly around
industrial and urbanized sites. Hydrocarbon found in near-shore sediment derived from
both biogenic (phytoplanktons and higher plants) and anthropogenic sources. In off-shore
area, hydrocarbon were mostly from biogenic sources particularly from phytoplanktons.
This indicated that fallout on to land and transport of with terrigenous particles from the
drainage basin is more important source of hydrocarbon contamination than fallout
directly into the Gulf.

The aliphatic hydrocarbon concentrations decrease with respect to depth in all
cores. Contamination of hydrocarbon from pyrogenic sources were found at much earlier
date at station near- shore ( from 100 years ago at station A) when compared to station
off-shore ( from 25-45 years ago at station B, D and E ), correlate with Thailand's first
import of kerosene , 100 years ago during King RamaV reign ( Tapthong, 1994 (in Thai)).
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Fig 1. Sampling locations in the gulf of Thailand indicated area 1 is very high risk area,
area 2, high risk area, area 3, medium risk area, and area 4, low risk area (Rungruangsin,
1989 (in Thai)).
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Release And Transport Of Artificial Radionuclides From Nuclear Weapdns Related Activities In The Ob
River, Siberia Over The Course Of The Nuclear Age

F. L. Saylcs, and T.C. Kenna: Woods Hole Oceanographic Institution, Woods Hole , MA 02543, USA
and

H. D. Livingston: IAEA, Marine Environmental Lab., MC 98012 Monaco CEDEX

Studies of sediment cores from lakes on the flood plain of the Ob River, Siberia have been used to
develop a history of the release, transport, and deposition of artificial radionuclides related to the
development and testing of nuclear weapons over the duration of the nuclear age (-1950 to the present) in
this major Arctic river system. The Ob is of particular importance in this regard as two of the former Soviet
Union's major weapons production plants, Mayak and Tomsk-7, and the Semipalatinsk test site are located
within the Ob drainage basin. Accidents and intentional releases of radionuclides at both plants have been
substantial, raising the issue of transport throughout this extensive river system as well as delivery to the
Arctic Ocean. Our studies have included determining sediment profiles of 239,240pUi 137CSJ and th e natural
nuclide 210Pb and its parent 226Ra in a number of cores from the Ob delta, as well as analysis of 239Pu,
240Pu, and 237Np. The latter provide sensitive measures of the presence of non-fallout materials derived from
weapons production activities.

Results presented to date have demonstrated that high resolution records of deposition of nuclides are
preserved in the Ob sediments from many of the lakes sampled. In addition, we have concluded, primarily on
the basis of 239,240P u / i37C s ^d 238PU/239.240PU r a t i o S ) t h a t t n e dominant source of 2 3 9 , 2 ^ a n d i 37 C s i n

the sediments of the Ob delta is global fallout from the atmospheric nuclear weapons tests of the late 1950s
and early 1960s (Sayles, et al., 1997). However, there are several clear isotopic signals that cannot be
attributed to global weapons testing fallout. Analysis of 239Pu and 240Pu by mass spectrometry in one core
indicates that the ratio 24OPu/239Pu is close to but frequently below that expected for global fallout over the
period 1950-1994. However, in three horizons this ratio falls sharply toward values expected for weapons
grade material and the ratios reported by Beasley, et al. (1987) for contaminated soils at both the
Semipalatinsk test site and the Mayak area (Figure la). Based on an assumed weapons grade ratio of .04, as
much as half of the Pu in these horizons is derived from non-fallout sources, with a deposition event as
recent as the early 1990s. The sharpness of the peaks with low 24OPu/239Pu suggest rapid transport with little
mixing along the river, a remarkable conclusion given the distance of -1700 km from possible sources at the
weapons plants. In the same core, the ratio 237Np/239Pu is indistinguishable from that expected for fallout
prior to -1982; the ratio then increases sharply, reaching maximum values in the late 1980's, but continuing
at elevated values to at least 1994, the sampling date (Figure lb), indicating a persistent non-fallout source for
this nuclide. The 237Np is not related to the elevated 239Pu horizons and hence must represent an
independent source.
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Sediment cores from the mid-reach of the Ob River, including the Ob, the Irtysh, and the Tobol have
been analyzed to investigate the nuclear contaminants, noted above, closer to the presumed sources as well as
to establish the source locations. The plants and test site are each located on a different section or tributary of
the Ob and hence studies in this area can provide a clear definition of source. In addition, many of the cores
from this area of the river have accumulation rates in excess of 1 cm/yr. and provide an opportunity for
resolution of contaminant events on an annual scale. Analyses of 137Cs profiles in these sediments indicate a
substantially more complex record as compared to those of the delta. The profiles are still dominated by the
large maximum in ~ 1965 that we continue to associate with the global fallout maximum (Figures 2a, 2b). In
both cores 10 and 11 (Tobol and Irtysh rivers, respectively), there is a strong l37Cs peak well above the
fallout period, dated at ~ 1986. The timing and co-occurrence in both rivers indicate a common source which
we suggest is Chernobyl. This is further supported by the absence of a Pu enrichment, and, especially, the
presence of 134Cs, which requires a relatively recent event (t1/2=2.06 yr.). One of the cores from the Tobol
River (Mayak is in its drainage area) contains a very deep (70 cm) 137Cs peak below what appears to be the
usual fallout peak, raising the possibility that it is related to the early Mayak releases to the Techa River. The
excess 210Pb profile is, however, quite complex rendering the chronology of this core uncertain. Establishing
the origin of this and a number of other features in the 137Cs profiles requires the complementary Pu and Np
data.
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FIGURE 2- Profiles of 137Cs in
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Analyses of the 239Pu, 240Pu, and 237Np of the sediment cores are currently being done by newly
developed ICP-MS instrumental methods. The 239Pu and 240Pu data, particularly the 24OPu/239Pu ratio,
complement the 137Cs data by clearly identifying fallout and non-fallout materials. As noted above, the
l37cs/239,240pu r a t j o is a i s o a very useful identifier of fallout vs. non-fallout sources. Thus the sensitivity of
the 24oPu/239Pu ratio to weapons grade material and the 137Cs/239-240Pu ratio together make it possible to
identify nuclides released from the nuclear facilities in this watershed that are significantly different in their
proportions from those characteristic of fallout, and to track the transport of the nuclides along the rivers
sampled. In addition, 237Np data from these cores should make it possible to identify the geographic source
area for this nuclide and hence the facility(ies) from which it originates. This paper will present the results of
239pUi 240pUj 237NP > and 137Cs analyses, within the context of the chronologies of sediment deposition, for
three cores from the mid-reach area of the Ob River (Ob, Irtysh, and Tobol Rivers) and the implications for
weapons related radionuclide releases and transport in this major Arctic river system.
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RATES OF GLOBAL FRACTIONATION AND POLAR MIGRATION OF PERSISTENT
ORGANIC POLLUTANTS: ESTIMATES FROM THE NORTHERN ATLANTIC

D. SHEA

NORTH CAROLINA STATE UNIVERSITY, RALEIGH, NC USA

It has been more than 30 years since evidence was first discovered that persistent
organic pollutants (POPs) such as polychlorinated biphenyls (PCBs) and
dichlorodiphenyltrichloroethane (DDT) were distributed globally and accumulating at the
poles. In more recent years, conceptual models of this global distribution have been proposed
that describe the distillation, condensation, and selective retention/degradation as a function
of latitude (temperature) and specific geophysical characteristics (e.g., ocean-air exchange
versus soil-air exchange). We have investigated the latitudinal changes in the concentrations
and relative abundance of various POPs in remote areas of the Atlantic Ocean. Our data
support the hypothesis that POPs with high vapor pressure are migrating toward the poles.

The mesopelagic family of fish Myctophidae were used as an indicator of POP concentrations
in the Atlantic. Myctophids migrate vertically within 1000 m of the surface under a diurnal
cycle, effectively integrating POP concentration over this portion of the water column.
Sampling stations are shown in Fig. 1.

-84' 70' -58"

14' -"

Myctophids were analyzed
for about 30 PCB congeners and 30
persistent organochlorine pesticides.
Whole fish were extracted using
standard solvent extraction and gel
permeation/alumina column cleanup
procedures. Chemical analyses were
performed using dual-column (DB-
5/DB-17) gas chromatography with
electron capture detection. Selected
analyses were confirmed by gas
chromatography coupled to high
resolution mass spectrometry.

In general, concentrations of
PCBs and most pesticides were
highest in the middle latitudes.
However, as shown in Fig. 2, the
relative abundance of PCBs
exhibited a dramatic shift from an

enrichment of the lower chlorinated PCBs (e.g., C13) in the northern latitudes, to a broad
latitudinal distribution of the middle chlorinated PCBs (C14-C15), and a relatively tight
geographic distribution of the higher chlorinated PCBs (e.g., C19). Current conceptual
models of global fractionation indicate that vapor pressure is a critical characteristic
controlling a chemicals long range movement. To illustrate the importance of vapor pressure,
the PCB distributions are plotted as a function of the mean vapor pressure of each
chlorination level. For simplicity, we have plotted the slopes of the linear fit to data (from
Fig. 2) for the northern most latitudes (45°N - 70°N) as a function of the sub-cooled liquid

14"

0"

-70' -56' •42" -28" • 1 4 '

Fig. 1 Myctophid sampling stations
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vapor pressure (see Fig. 3). Chlorinated pesticides follow a similar trend. These data, along
with estimates of degradation as a function of temperature, have been used to estimate rates
of hemispherical transport and latitudinal residence times.
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Fig. 2 Latitudinal change in the PCB concentration. Lower
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Radiocaesium-137 in Some Marine Species

in Coastal Zone of Libya (Sirt Gulf)

M. A. Shenber; E. E. Elshamis; A. T. Elkikli and M. N. Elayan

Radiation Protection and Health Physics Department

Environmental Radiation Measurements Division

Tajoura Nuclear Research Centre

P. O. Box, 84326 Tripoli, Libya

Samples of sea water, fish, sponge, sea weeds and sea grass from
coastal zone of Libya (Sirt gulf) have been analyzed for their 137Cs
using gamma-ray spectrometry. Average activity concentration of
I37Cs in fish; sponge; sea weeds and sea grass were 185; 1590; 1320
and 1440 mBq kg'1 ( ash weight) except for fish in (fresh weight)
respectively; and in sea water is 1.4 mBq I"1. It was estimated that
the effective dose to adult from ingested of 137Cs averaged 8 nSv ~L

The average 137Cs concentration factor in flesh fish from sea water is
found to be 265.

The main source of artificial radionuclides in the Mediterranean sea
have been the testing of nuclear weapons and the discharge of nuclear
power stations.
137Cs is a very abundant, fission product, with a haf-life of about 30
years. Its production in nuclear weapons detonations has resulted
in world distribution through the biosphere and its mobility and
physiological properties have led to detectable activity concentrations
in essentially all organisms. The fact that 137Cs emits energitics
photons makes it simple to detect, and also, to a potentially significant
contributor to the radiation dose to man. Because of its abundance,
long physical half-life and biological mobility, 137Cs is a critical
component of the nuclear fuel cycle (Whicker et al., 1972 &
Pendleton et al., 1965).

Cs was initially found as a soluble cationic species in surface sea
water, from where it slowly migrated to deeper layers (Bowen &
Sugihara, 1961; Bowen & Roether, 1973).
In this article we present our measurements on the fish, sponge, sea
weeds, sea grass and sea water activity concentration of 137Cs in
coastal zone of Libya (Sirt gulf).
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RADIONUCLIDES AND HEAVY METALS IN SEDIMENTS AS TRACERS OF
THE EASTERN BLACK SEA CONTAMINATION HISTORY
K.M.SHIMKUS
Southern Branch P.P.Shirshov Institute of Oceanology Russian Academy of Sciences
(SB IO RAS), Gelendzhik, Russian
J.M.GREBMEIER
Oak Ridge National Laboratory (ORNL) University of Tennessee, USA
L.W.COOPER
Oak Ridge National Laboratory (ORNL) University of Tennessee, USA

The studies were made in sediment cores recovered during joint russian-
american expedition on board of R/V "Rift" (March, 1993) from both Caucasian shelf
and continental slope (Fig. 1) using gravity corer, 62 mm of inner diameter, 1 m length,
fitted with acrylic liner.

The cores were extruded in vertical position and sectioned into 1 cm intervals to
10 cm, 2 cm intervals below this depth. The sediment samples analyzed in ORNL for
Cs-137 and Pb-210 using low energy gamma-ray spectrometry.

Detail studies of toxic heavy metals (Cu, Pb, Zn, Cd, Hg, Co, Ni) are made in
SBIO RAS using method of atomic - absorption.

Radionuclides. The Chernobyl accident is recorded by high Cs-137 values (226
mBq/g) and Cs-134 presence at top layer of sediments in the core R-796-3. Probably Cs-
137 peak (144 mBq/g) at level 2-4 cm in the core R-807-3 is also connected with it.
Some not great peaks observed below the top layer in these cores. They are possibly the
remnants of major fallouts from bomb testing begining from 1950 and reaching its peak
at 1962-63.

In all likelyhood the mentioned remnants were recorded in the upper section of
sediment cores from the Kerch continental slope (St.R-801-1, R-803-1). Because this area
is characterized by low sedimentation rates [1] more detail study of the topmost layer (0-1
cm) it is necessary to be sure that there is no track of Chernobyl accident in the cores.
Preliminary age calculations were made using model of the constant flux of Pb-210 and

, where Q(x) = Qoe-^ , Qo - Pb-210 integralsimple equation [2]: t(x) = —In ^ ^
X Qo

activity in the core, Qx - Pb-210 integral activity excess below the layer "x", X - Pb-210
decay constant.

Table 1. Pb-210 dating of sediments

Station
R-796-3

R-807-3
R-801-1
R-803-1

1
66

1380
2100
1800

2
0-2
3-16

16-100
0-8
0-7
0-5
5-9

Age,y
1991-1989*
1986-1965**
1965-1983

1989-1950*
1977-1954*
1983-1949*
1949-1898

1 - water depth, m; 2 - core depth, cm
*) presence of Cs-137, below it is absent

Fig. 1. Location of sediment cores.
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**) Chernobyl peak of Cs-137.
The data obstained show that Cs-137 records in the sediments cores approximately

correspond to the time of intensive Cs-137 supply when bomb testing in atmosphere was
goingon and Chernobyl accident was happened. Another methods of calculations will be
used to check these age determinations because there were found high discrepancy of
sediment accumulation rates calculated in the cores using different methods of their
datings (Table 2). The differencies may also be conditioned by presence of some hiatuses
in sediment column produced by slumping and erosion processes.
Table 2. Sediment accumulation rates (cm/y)

Station
R-801
R-803
R-807
R-796

1
0.0063
0.0023
0.0050

2
0.045
0.12
0.57
0.43

3
0.20
0.09
0.17
0.84

1 - Upper Holocene (0-3 k.y.);
2 - since Cs-137 peak fallout in 1963

and 1986; 3 - according to Pb-210
datings.

Fig. 2. Distribution of radionuclides in
the sediment core R-796-3.

^Incompleteness of sediment
sections from continental slope make them
little serviceable for study of
contamination history.

Heavy metals. In the core R-796
sediments are enriched in Zn, Cd, Pb in
the interval where Cs-137 is detected and
in the section 65-75 cm (1931 -1942y).
Upper section of deep-sea sediments (R-801, R-803) is characterized by high content of
Cu and Zn. The metals trace industrial era and anthropogenic pollution of the basin.
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Natural and anthropogenic radionuclide concentrations in sedimentary material from the
Southern Baltic Sea.

Tracy Shimmield and Graham Shimmield
Scottish Association of Marine Science
Marine Geochemistry Group
Dunstaffnage Marine Laboratory
Oban, Argyll, Scotland.

The Scottish Association of Marine Science is involved in the European Commission funded
Baltic Sea System Study (BASYS). One of the main objectives of the research is to determine
the flux of sediment movement from the coast to the basins of the Baltic Sea. Radionuclides are
useful tracers of physical, chemical and biogeochemical processes that occur in the marine
environment. These processes, such as sediment accumulation and redistribution rates, impact
of bioturbation and scavenging of metals from the dissolved to the particulate phase are being
studied by measuring the activities of 228Th, 234Th, 210Po, 210Pb, 226Ra and 137Cs within
sedimentary material and the water column of the Southern Baltic Sea. The results presented here
are from the sampling cruises that have taken place within the first 18 months of the BASYS
study. The samples were taken over a complete seasonal cycle and will be interpreted with
respect to this cycle and the dynamics of the area as a whole.
Results will also be presented from the former Oder Project (EEC PL910398) where the
inventories of 2l0Pb and l37Cs suggest that a) the greatest accumulation of excess 2l0Pb occurs in
the Arkona Basin, although overall sediment accumulation rates are not higher in the basin than
other areas of the Baltic and b) that the close similarity between the 210Pb and l37Cs profiles
suggests that the profiles have either been established recently (physical and biological mixing)
or, that similar pathways of the nuclides has occurred. We suggest that the Arkona Basin is the
principal site of heavy metal accumulation for particle associated metals in the Oder System.
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Dynamics of Distribution Coefficients in Estuarine Systems

M. Sickel, P. Borretzen, andB. Salbu,
Laboratory for Analytical Chemistry, Agricultural University of Norway, 1432 As, Norway

Selected freshwater sediments have been subjected to fresh water solutions containing 60Co
and 236Pu. During the equilibration time, subsamples of the water phase were collected to
examine the dynamics of the transfer of the radionuclides from water to sediments. After a
sufficient equilibrium time, the sediments were transferred to an artificial sea water solution
(salinity of 35%o). Then further subsamples were collected to study the dynamics of leaching of
radionuclides from the sediments.

From the changes of concentrations of radionuclides in the water phase, time dependent
distribution coefficients (Kjs) have been calculated. In addition, the contaminated sediments
have been subjected to sequential extractions. The results from these experiments will be
utilised to improve transport models as static Kd values are replaced by dynamic functions.

Previous studies have shown that contaminated sediments that are transferred from a fresh
water (high Kd) to a marine system (low Kd) may release the contaminants (Fig. 1). Oughton
et. al. (1995) observed a Kj decreases of two orders of magnitude for Sr and Cs. In the

60 /
present study, the scope is extended to other radionuclides (e.g. Pu-isotopes and Co) and
attempts are made to measure the kinetics of leaching after fresh water sediments have been
transferred to high salinity water.

Dirty Ice Ob Sediment

"Sr

Dirty Ice Ob Sediment
137Cs

Figure 1,Changes in Kj on transfer of two types of contaminated sediments from river water to
sea water.

Oughton, D.H, Berretzen, P. Mathisen, B. Salbu, B. Tronstad, E. (1995) Mobilisation of
Radio nuclides from Sediments: Potential Sources to Arctic Waters In: Environmental
Radioactivity in the Arctic (Strand P, Cooke A. eds.) NRPA, 0steras
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ASSESSMENT OF POTENTIAL IMPACT TO THE ENVIRONMENT

FROM RADIONUCLIDE THERMOELECTRIC GENERATOR

LOST IN THE SEA OF OKHOTSK

XA9951463

Y.V. SIVINTSEV, O.E. KIKNADZE

Russian Research Center "Kurchatov Institute", Moscow, Russia

According to the materials of the official act authorized on October 11, 1987 [1], the

radionuclide thermoelectric generator (RTG) has been lost on August 20, 1987 in the Sea

of Okhotsk near to the east coast of Sakhalin Island. As a result of emergency drop the

source has fallen into the sea near the cape Nizkiy at the distance 800 - 1500 m from the

coast. Sunken RTG of H3Y-1*1 type contained six g"Sr sources with summarized activity

252,810+ uBq[l] , it is about 25,3 PBq, or683kCi.

In calculations of release rate of 90Sr from this sunken source two scenarios - not

destroyed and destroyed RTG have been analyzed. The last version is considered to be

the one of less probability.

The release of "°Sr radionuclide to the marine environment is stipulated by the

corrosion process which has been also analyzed in this study. The result of calculations

of g"Sr release rate (for the worst-case scenario) is given on fig. 1.
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Fig.l. The rate of ""Sr release to the marine environment (for the worst-case scenario).

*} Abbreviation from Russian words (Isotopic Energetic Installation)
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The worst-case scenario means that the corrosion process of 90SrTiO.^ has

begun immediately after the falling of STG into the sea water. As it is shown on fig.l.,

the release rate gives for the worst-case scenario an initial value of 117 Ci/year.

The assessment of potential impact to man and the environment from this source

has also been made. Two models of radionuclide transport have been discussed: the

conservative model and the realistic one. The conservative (box) model assumes

instantaneous uniform mixing within the analyzed volume, meanwhile the realistic one

takes into account the processes of molecular and turbulent diffusion.

The concentration factors for foodstuffs and the values of effective dose

per unit intake recommended by IAEA [2] have been used for this assessment.
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APPLICATION OF RADIOTRACERS TO STUDY BLACK SEA
CIRCULATION. VALIDATION OF NUMERICAL SIMULATIONS
AGAINST OBSERVED 90Sr AND 137Cs DATA
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'Department of Meteorology and Geophysics, University of Sofia, 5 James
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In this study, we use measured 90Sr and '"Cs data to verify mixing and ventilation
patterns simulated in a circulation model for the Black Sea. The samples used for
verification of model simulations were collected between 1986 and 1992 [1]. The
three-dimeusional circulation/transport model for the Black Sea is based on the
well-known GFDL Bryan-Cox model [2]. The model uses a new parameterization
of the Bosphorus inflow/plume [3] to simulate the effects of Mediterranean water
inflow on internal mixing and different parameterizations of subgrid processes,
which are tuned to the specific Black Sea conditions. The model forcing includes
seasonal variability that provides an important atmospheric signal that can be
traced in the Black Sea surface and intermediate layers. The tracer model is
coupled to the circulation model.
The first tracer in the model is '°Sr which was delivered after the Chernobyl
accident, primarily via discharges on the NW shelf from the Dnepr River. Though
most of the 90Sr is introduced by river runoff in the NW shelf, its penetration
patterns in the model suggest that a large amount of this signal penetrates the
halocline in the Bosphorus area and along the southern coast. This fundamental
spatial characteristic of mixing in the Black Sea is associated with the entrainment
of surface and intermediate waters in the vicinity of the strait, and with the vertical
motions along the southern coast resulting from the anticyclonic circulation
patterns. It is noteworthy that the mapping of the spatial distributions of'°Sr using
measured activities is associated with large errors, primarily due to insufficient data
coverage. Thus the simulated data (Fig. 1) are complimentary and can at least give
some indication regarding the spatial patterns expected in the observational results.

z = 2.5 m
Ci=0.5

Mean=20
snrs

Z = 1 0 5 m
CI=0.5

Mean= 16.5
5T~5< 55 56 57 5s 59 io l i «2

LONCIIUDC LOWGITUOt

FIG. I. Horizontal patterns of'°Sr in August 1988. The patterns are shown for 2.5
and 105 m. Contour intervals are given in the right upper corner of each plot.
Values lower than the mean (in the rieht low corner) are plotted with dash lines.

639



Shortly after the Chernobyl accident, the activities at the sea surface show only one
significant spatial characteristic, namely enhanced '°Sr activities associated with the
major source of 90Sr in the N W shelf area. Within four years, upweUing associated
with the cyclonic circulation pattern transports low °Sr waters from the deeper
layers into the basin interior, creating negative anomalies in the surface waters of
the central gyres (compare Fig. la with Fig. lb) . The same conclusion holds for the
rest of the horizontal levels (i.e. negative anomalies are associated with the central
gyres). Another important fraction of the river water penetrates intermediate layers
at the shelf edge in the NW Black Sea. The model simulations indicate that higher
resolution and more elaborated forcing and parameterizations of river discharge
would be needed to improve our simulations in future studies.

The paper also addresses the simulation of pre-Chemobyl '37Cs (weapon testing
n 7Cs) and Chernobyl l37Cs and the intercomparison of the model with observed
data. Initial data are based on field data collected for these radionuclides. The most
significant outcome from the simulations is the identification of the contribution of
entrainment in the mixing of surface waters into subsurface layers. The trend of
tracer penetration into the deeper layers following isopycnal surfaces is well
demonstrated in the model and is consistent with the known characteristics of
Black Sea circulation and physics. The correlation between the activities of
radionuclides and salinity, found in the field data, is supported by the simulations
(Fig. 2). These model results illustrate that the time-space abundance of the
existing field data is reliable for mapping purposes and for reconstructing the
distribution of tracers in space and tune, provided reliable estimates of Black Sea
circulation exist. &0^ August 1992

17.50 18.50 20.50 21.50

Salinity (psu)
22.50

FIG. 2. Basin mean Chernobyl "7Cs-salinity relationship during the integration for
August, 1992. Observational data of Buesseler and Livingston (1997) are
superimposed with rectangles. Dashed lines give 1-a deviation from the basin mean
due to the horizontal inhomogeniety of tracer distribution.
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The Black Sea ecological system consists of three important components:
physical, chemical, and biological. They adjust to the external forcing, such
fluxes from atmosphere, river and straits, as well as to the sources at the coast.
In the last 30 years the Black Sea has been converted from a highly diversified
ecosystem into an eutrophic plankton culture, unsuitable for most higher
organisms. Most of these changes were forced by external factors. Though the
changes of the forcing of the physical system of the Black Sea are really
important in the recent decades, they have perhaps much less impressive impact
on the ecological system than the one of the pollution originating from land. In
the last 30 years the concentration of nitrates and phosphates imported from
rivers increased dramaticaly, resulting in over-fertilization of the sea water.
This, along with the small export of pollutants into the ocean, is accompanied
by changes the functioning of the ecological system.

One approach towards understanding recent changes and solving at least
part of the ecological problems of the Black Sea is to develop models with
prognostic capabilities. One of the first step in this direction is the validation of
the models against the observed changes in the last 30 years. The climatic
changes from natural and antropogenic origin have to be taken into account,
along with reliable data on the population growth, regional and remote impacts,
exploitation of the Black Sea resources. The paper addresses the impact of
vertical stratification on the functioning of biological system, described by a
simple (five-compartment) pelagic ecosystem model. Simulations with 1-D
mixed layer and 3-D circulation models, coupled with the same biological
model, are analyzed. It is shown that the topography of the Black Sea
pycnocline presents an important physical factor governing the primary
production in the biological model.

The paper addresses the impact of vertical stratification on the functioning
of biological system, described by a simple (five-compartment) pelagic
ecosystem model. Heat, fresh water and momentum fluxes at sea surface, which
are based on atmospheric analyses data are used to force coupled physical-
biological model of the Black Sea. The high frequency oscillations provided by
this forcing are very important for the temporal variability of the depth of
mixing layer and the temperature stratification of the upper ocean. Rapid
changes of physical environment occur at time scales of days. These time scales
are comparable to the characteristic time scales of plankton system and affect
primary production. Simulations with 1-D mixed layer and 3-D circulation
models, coupled with the same biological model, are analyzed. A detailed
description of the model is given in [1]. It is shown that the topography of the
Black Sea pycnocline presents an important physical factor governing the
primary production in the biological model.
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The model simulated horizontal patterns at 17.5 m (Figure 1 and Figure 2)
show an upwelling of deep waters close to the surface in the eastern cyclonic
gyres. This upwelling brings nutrient rich waters (Figure 1) and allows more
intense phytoplankton growth (Figure 2). In the western shelf the extreme
convective events and the resulting mixing in the vertical supply the surface
water with nutrient reach waters thus contributing to the increase of the
phytoplankton biomass.

27 28 29 JO II 12 SI 34 35 36 37 38 39 40 +1 42

FIG. 1. Nitrates concentrations at depth 17.5 m for 19 March, 1982, CI=0.1
mmol N m"3

27 23 29 30 31 32 33 34 35 36 37 38 39 40 41 42

40-

FIG. 2. Concentration of phytoplankton for 19 March, 1982 at 2.5 m,
CI=0.1 mmol N m'3.
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The UN Atlas of the Oceans - Distribution of UN Data and
Analyses on the World's Oceans

D Stewart
Fugro GEOS, Swindon, UK

The UN Atlas of the Oceans is a joint effort by the UN to provide its members with a compilation of
interlinked information on the sustainable development of the oceans, its issues and challenges. It is
also a demonstration of the co-operation between the UN Agencies and the academic and private sector
collaborators involved in the project. Another important goal of the UN Ocean Atlas is to spread the
UN's maritime information and analyses outside the UN system.

The prototype can only demonstrate some of the material and potential of the Atlas. It is hoped that the
prototype will be developed further to meet its full potential and to provide an important contribution to
the UN's Conference on Sustainable Development in 1999, which focuses on Chapter 17 of Agenda 21
- "Protection of the Oceans". Ultimately, it is intended to provide a useful tool to a number of user
groups, both as a first port of call in finding the current UN position and information on a particular
maritime subject, and as a source of more detailed references on specific issues.

PROTOTYPE - OUTLINE OF CONTENTS

It was envisaged that the issues selected for the UN Ocean Atlas would be central to the mandate of the
participating agencies. The issues would be covered by concise, regularly updated, analyses and
summaries of specific topics. Each topic would offer a short explanation of why the theme is of central
importance for the oceans, an outline of the available UN data, the strategic analysis of it from the UN
perspective, and illustrations to convey the message as vividly as possible.

The UN Ocean Atlas is intended to be provide easy access to the information it holds through three
graphical routes (see Figure 1):
• by a "contents map" showing the main themes and sub-themes;
• by a world map showing the regions for which information is held; and
• by organisation supplying the information.

Each of these routes allows the user to quickly access the information held for any theme, region, or
supplied by a particular organisation. In addition there is the usual search facility using keywords,
regions or themes.

For the prototype, three main themes were chosen and comprise the following:

Sustainable Development and Resource Management
This includes fisheries information, topics on integrated Coastal Zone Management, climate change
and the Global Environmental Facility programmes in international waters, as well as statistics showing
the various indicators of urban, housing and human development that summarise the interaction of
humanity with their environment.

Biodiversity
This includes the biology, distribution and identification of marine fishery resources, ecosystems and
food webs and information on sensitive marine environments.

Pollution
This theme contains information on marine pollution in general as well as the impact of nutrients on
coastal seas, radionuclides concentrations in the world's oceans and fishes, and pesticides and metals in
the marine environment.

Background information supporting these themes will cover the physical environment of the oceans,
trade and the Law of the Sea.
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BEYOND 1998

Much progress has been made since the decision to develop the UN Atlas of the Oceans was taken in
January 1997. However, much remains to be done before the Atlas can realise its full potential as an
up-to-date, comprehensive and concise statement on the UN's maritime information and strategic
analyses. To achieve this will require not just additional resources, but the ongoing commitment from
the various agencies and partners involved to provide the current "expert" view of the issues affecting
the world's oceans.

As part of the development process, it is important to receive feedback and comments from the UN
system, the scientific community, and the general public as to how far the prototype has fulfilled its
aims, and what remains to be done. 1998 is the International Year of the Ocean and, as part of this, the
UN Atlas prototype was intended to form an important component of the UN Pavilion at EXPO'98 in
Lisbon. This, and the present IAEA symposium, are two of the main events in 1998 celebrating the
oceans of the world and important fora for the development of the UN Ocean Atlas.

The latest developments in the UN Ocean Atlas will be displayed at the Symposium. The full version
of the UN Ocean Atlas will cover more themes and include more interactive methods of viewing the
data held, including overlying maps of different parameters, time series, and limited graph and chart
generation capabilities for the user.

Introduction to the
UN Atlas of the Oceans Play UN Ocean Atlas

Demonstration Video

Title Screen

Sustain. Develop.| |Biodiversityj
Natural Resources

Law of the Sea

Climate Change

• Search by:

Ivevwordf

Region ' i

'I hecne

|PoHution|

U\ tlicincs iintl

B\ regions

l$\ nig •Illi-ltlnn

Sub-theme: Climate

1) El Niilo and svater
curreals

2) Global ̂ climate change Atul
GOOS

f) Global «',i level changfs
sod GOOS

Global climate change and GOOS

The oceans areacntical component oFiheeaJife's
climate system, principally because of their capacity
*o store aiul circulate beat and te-feleasB Jt> often

Figure 1: The UN Ocean Atlas' Graphical User Interface to Information
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Trace elements, when discharged to the marine environment, will be transported by
prevailing currents and removed by either physical, chemical or biological processes. Through
absorption, ion exchange and complexing of chelation, trace elements are filtered by marine
bivalves and picked up by paniculate organic matter and settle on the bottom. So marine bivalves
and their environment, i.e. bottom sediments are known to accumulate high levels of metals, and
are commonly used in monitoring studies.

The aim of this research was to investigate the present status of the distribution of heavy
metals in economically important bivalve and their enviroment, i.e bottom sediments from
Aquaculture site of Urla-lskele-lzmir/ Ttirkiye

This study was carried out at Aquaculture site of Urla-iskele-izmir/Turkiye as indicated in
Fig.l.

Fig.l. Map of sampling location
Samples were analysed monthly from October 1996- September 1997 Mediterranean

mussel M. gaUoprovincialis and surficial sediment samples were collected from this site at the
same time Mussels were collected by hand on the ropes and transported daily to the laboratory.
These samples were kept in a deep freeze (-21°C) until analysis and were prepared according to
international standard methods (1). The composite samples of mussels were weighed and digested
with cone. HNO3 : HC1O4 (5;1) (extra pure Merck) under reflux and filtered.

Sediments were collected monthly with a 'Orange peel' grab of capacity 4,5 1. Under the
fish cages then srored in plastic bags at -21°C. Each sediment sample oven dried at -60°G for 24h
and then sieved using a mesh. From the dried sediment samples an aliquet of lg. (< 160 p) was
oxidized with 10ml., cone. HC1:HNO3 (3.1) (extra pure Merck) under reflux at 120°C for a hour
and then filtered through Whatman 40 filter paper. All samples were diluted with bidistilled water
and analysed (2). Metal samples were analysed by Atomic Absorption Spectrophotometer using a
2380 Perkin-Elmer (AAS). Metals were determined by direct aspiration using an air acetylene
flame. Intercalibration homogenate samples (MA-A-2, SP-M-1, from the IAEA, Monaco
Laboratory) were used as a quality control for the analytical methodology.
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The concentrations of some heavy metals (Pb, Cd, Cu, Zn ) in the tissues of the afore
mentioned bivalve were determined. Minimum, maximum and mean levels of these metals in
Mussel are given in Table I.
Table I. Heavy metal levels in Mediterranean mussel Mytiius galloprovincialis from Aquaculture site of
Urla-lskele-lzmir (ug/g.wet weight)

Seasons
Winter'97

Spring'97

Summer'97

Autumn'97

Min.
Max.
Av.
Min.
Max.
Av.
Min.
Max.
Av

Min.
Max.
Av.

Pb
0,60
0,83
0,71
0,68
0,81
0,74
0,58
0,85
0,71
0,60
0,84
0,72

Cd
0,09
0,28
0,18
0,11
0,30
0,20
0,15
0,21
0,18
0,14
0,26
0,20

Cu
0,81
1,80
1,30
0,94
2,01
1,47
1,05
1,98
1,51
1,10
2,04
1,57

Zn
9,98

20,40
15,19
10,21
28,35
19,28
9,90
18,46
14,18
11,24
30,41
20,82

Table 11 presents the minimum, maximum and mean values obtained from analyzing the
superficial sediments of Urla-lskele.
Table II. Heavy metals concentrations in sediment samples from Aquaculture site of Urla- Iskele- Izmir

Seasons
Winter'97

Spring'97

Summer'97

Aurumn'97

Min.
Max.
Av.
Min.
Max.
Av.

Min.
Max.
Av.
Min.
Max.
Av.

Pb
31,80
40,75
36,27
30,70
39,20
34,95
28,79
38,54
33,66
32,21
43,40
37,80

Cd
1,85
,94

1,89
,71
,98
,84

1,68
,84

1,76
1,74
1,90
1,82

Cu
12,21
14,90
13,55
11,80
13,40
12,60
11,75
14,20
12,97
12,01
13,90
12,95

Zn
30,49
54,21
42,35
31,24
55,28
43,26
29,94
57,42
43,68
33,48
60,04
46,76

The order of enhanced metal concentrations found in mussels was Zn>Cu>Pb>Cd whereas
in the sediment the order was different, i.e. Zn>Pb>Cu>Cd .

In Urla-lskele, the tissues of the mussels which still contain concentrations lie just within
the range given by WHO (3) (4) (5). On the other hand, The average consumption of this bivalve
in our region is generally low . Therefore, it would be prudent to continue monitoring heavy
metals in marine bivalves which are eaten by humans.
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For the latest 30-40 years the Black Sea pollution by various pollutants is observed. It
is the result of economical activity intensification on the shore and of slow growth of cleaning
system capacity.

In the coastal zone concentration of pollutants depends on the pollutant amount
brought from the source and the process of their distribution and transport to the open sea.
Within the Krasnodar region towns of Novorossiisk, Gelendzhik, Tuapse, Sochi and the ports
of Novorossiisk and Tuapse are the main sources of pollutants.

On the basis of many year research we may state that near the Krasnodar region coast
there is a general longitudinal current directed from the south-east to the north-west, i.e. from
Sochi towards Anapa. Velocity of this current sometimes reaches 1 m/s. This general stream is
rather pronounced one during autumn-winter-spring period. In this period its mean monthly
velocity is from 10 to 35 cm/s. In summer months it is feebly marked. In different years mean
monthly velocity was from 4 to 25 cm/s. Due to a weak water circulation in summer there
occur stagnant effects in the coastal zone provoked by the accumulation of pollutants in water.
Sizable areas of polluted water are formed near the sources of pollutants. Not far from the
outlets of badly purified sewage waters clouds of muddy water with sharp boundaries are
formed.

The research has shown also that in the shelf zone periodically 5-6 times a week there
are formed anticyclone eddies against a background of a general longitudinal current. When
they pass the near shore zone, there occur streams directed against a general longitudinal water
shifting. Near the shore, beginning from the depth of 10-25 m, those streams become weak
owing to the bottom friction.

Anticyclone eddies are distinguished not only by the direction and by temperature field
too. Special investigations have shown that the radius of vortexes can be 10-12 miles, i.e. they
cover the shelf and continental slope.
one, streams of opposite direction are less probable. The second component is caused by
anticyclone eddies.

Anticyclone eddy is the basic mechanism of the pollutant carrying out of the coastal
zone and of their spreading in the open sea.

Basically pollutants get into the sea coastal zone from the land and ships. They are
pesticides, petroleum hydrocarbons, heavy metals, organic matter, and polycyclical aromatic
hydrocarbons (PAH). The largest part of them is brought to sea (or firstly to river and then to
sea) by storm runoff. Smaller part is brought to sea by wind (eolian transport). A part of
pollutants gets to sea through deep sewers. It is non-cleaned wastewaters from littoral cities.

On the Black Sea shore pesticides are used for spraying of vineyards, fruit gardens, tea
plantations. They get to sea during the rains together with storm runoff. Early in 90ies in the
near shore regions about 1000 tons of pesticides were used. After 1993 their amount began to
reduce. And the concentration of pesticides in seawater became less one too. The main sources
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of pollution of natural environment by petroleum and oil-products are the following: oil fields,
oil pipelines, oil-refining factories, oil storage tanks, land and water transport.

Oil-products mainly get into the coastal zone from the ships, which are based in the
ports of Tuapse, Novorossiisk, and Gelendzhik. That's why the port of Tuapse and Tsemess
Bay are the most polluted with oil areas. In Gelendzhik Bay the highest oil-product
concentration is observed at the area near the port.

Oil-products can be brought to sea by storm flows as well. Mainly, it is benzine,
masout, oil and other products used by transport and in private life.

Organic matters, polycyclic aromatic hydrocarbons (PAH), heavy metals, benzopyrene,
benzoperylene, bacteria and some other pollutants are washed out from the area of littoral
towns and their environs during the rain. In this period their concentration in seawater
increases greatly. Thus, coli-index of seawater increases in tens. Often a high concentration of
bacteria and their species composition turn to be the main reason of imposing a ban to use a
beach.

Heavy metals get into seawater as a result of natural processes and economical activity
on the shore. Rains wash out compounds of copper, zinc, iron and other metals from littoral
urban areas and arable lands. It will be presented diagrams of distribution of copper, iron,
cadmium, nickel concentration in seawater.

As it was mentioned above, pollutants from the land get into sea coastal zone.
There they are accumulated until the beginning of storm Or winds of the northern and
northeastern direction. In the course of storm polluted water is carried to the open sea in
the near bottom layer. When northern and northeastern winds are blowing - in surface
water layer.

In the open sea polluted water is captured by the stream of a general longitudinal
flow directed to the northwest, or gets into anticyclone eddy, which is shifting to the
southeast within the coastal zone. In the last case this water is finally carried away to the
open sea and dispersed.

It should be noted that there is no longitudinal pollutant fluxes in the Black Sea coastal
zone within the Russian section. But general water transportation from the southeast to the
northwest is pronounced very clearly. We can explain this phenomenon by the fact that
anticyclone eddies appear periodically in the coastal zone (several times in a month). These
eddies disturb a longitudinal flow and direct polluted water to the open sea, there polluted
water disperses. Owing to this polluted water at the areas close to the land pollutant source is
quickly and effectively replaced by clean water from the open sea. The problems concerning
the increase of pollution are the urgent ones in summer during a calm water period when the
current velocity reduces down the first cm/s, and in the closed bays, as well, such as the
Gelendzhik Bay and the northern part of the Tsemess Bay.

Conclusions
Littoral towns and the Kerch Strait are the main sources of pollution containing the

Black Sea water within the Russian section. The ports of Novorossiisk and Tuapse supply a
certain amount of oil-products.

Since the periodical presence of the anticyclone eddies, polluted water is transported to
the open sea.

There are no longitudinal pollutant fluxes in the sea. That's why the pollutant
concentration in water becomes sufficiently low one when going along the shore away from the
pollutant source. The conclusion can be made that there are local centers of pollution in the
Russian section of the Black Sea.
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Marine Pollution and Risk Management for the Nitrogen Loads
Carried by Rivers and Stream to the Black Sea in Turkey
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Considered in this paper is the notion of tracking pollution amounts through human activity and natural
sources as risk contributors to marine environments. It suggests a system of inquiry to analyze human
activity, handily classified by functions, as impacts of pollution on marine processes. Also a means to
integrate public participation as a cost effective means of averting marine pollution risk as well. The case
study example of the nitrogen loads carried by rivers and streams to the Black Sea illustrates beautifully how
human activity impact can be traced as land-based. Its harmful effects are carried through natural transport
to the marine environment and there are a number of ways it impacts human health also. Marine pollution
need be caught at its sources before it reaches the water bodies. A dual systematic activities inventory must
ensue.

Introduction and Basis for Action
To ensure the wholesomeness of human activities by gauging their short-medium- and long-term pollutant
impact on the marine aquatic environment a universal process of risk print ©' could be taken up.
The duality is land-based or marine-based pollution sources. The basis for "risk print' action is damage,
depletion, exhaustion or degradation of the marine environment and can result from a broad range of
sources.. Discovery is a step-by-step process of not only physical source location of pollutants but also at
the planning, accounting and managerial levels of the source enterprises and is a natural next step to be
implemented as a follow-up to the international marine frameworks and conventions which have been
ratified but about which little concrete activity and implementation have ensued. 1 recommend that each
activity, industrial, consumer and even nature processes, should be evaluated for its impact and overall risk
to the environment and ultimately to the marine environment. Invaluable is the reference framework of
environment functions as shown later.

Robust Marine System Confidence Factors and Future Potentials
A result of the study is that it can assist in averting or minimizing the risk caused by imbalances transmitted
in the dispersible sea water interface 'causing significant changes in the concentration fields within the
interface. We can emulate globally the cross-sectoral approach of Black Sea Turkey monitoring survey team
who built confidence in their method and results through simple procedure and codifying of contributing
water bodies.
One of the key questions is what factors or critical values are being overlooked? They begin to note and
discover what processes in the economy of Turkey, whether natural sources or manmade sources are
contributing to the nitrate production.

The Black Sea, Turkey project does not take into account that there are probably many unknown goods and
services (functions which are not yet recognized but which may have consider able potential benefits to
human society) for which the inquiry, exploration and development can necessitate from the function of risk
printing and the results it yields. The environmental treaties: Marine Pollution Prevention conventions with
protocols and amendments, plus other legal instruments begin to address marine based polluting practices.
There are no such global conventions to address the ill effects of land-based polluting sources on the marine
environment which is disproportionately high. This is exactly the issue that our cross section of land and
marine based source case study rightly addresses. As a new player in the profit margin it too can garner
great rewards.

Conscientization and New Technologies
Risk prints will help us to better environmental technology, process technology ,logistics and manufacturing,
buildings and infrastructure. This process of discoveries also can aim explicitly at changing mental
perceptions of players involved as to the origins and risks of pollution. For example, the Black Sea, Turkey
area industrial and general citizen participants themselves reassess their surroundings and build
awareness of the structural causes of their health-impacted situation. It cooperates within the 2025 deadline
for the control and elimination of most pollutants.
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Yet admirably it aims at the 2005 decree that many but not all chemical substances will need to be
eliminated to prevent a major role in toxicity and bio-accumulation. Environmental trends and the impact of
human activity on those trends are a comparatively virgin scientific field. This leaves considerable room for
images of the future based on fear or unfounded optimism, in turn giving rise to a debate that could be too
black and white - e.g. economics is bad for environment

Calculation of Risk - Accountability and Transparency
Methods of calculating the cost of risk (value of life) must newly integrate into the calculus as with pollution
abatement, control and elimination in the Black Sea, Turkey region for example. International Accounting
Standards ISO 4000, environmental impact assessments and other measuring devices for marine pollution
can be integrated with the results of the Black Sea, Turkey pollution monitoring program.
Transparency is to mean that the corporate citizen or the natural citizen's activities are accountable,
legitimate and not hidden. Decisions are a process of collaboration and are not taken without sufficient
information nor participatory input, in a non-inclusive manner. Public participation is relevant here.

Function System Method of Marine Pollution Risk
Risk prints can be taken of each marine system via an evaluative framework based on socio-economic
values. An incredibly useful system of categorizing the environment as a series of functions, streamlines the
parameters of which a risk print should be calculated. A model will be developed to manage public
awareness of patterns of polluting goods or behaviors and also life cycles of product awareness campaigns to
encourage and raise a non-polluting mass consciousness of how to change processes during life cycle
analysis of all human activities.

Conclusion: Use of Management Approaches and Public Participation
In dual fashion, to prevent marine pollution and avert risk keynote emphasis must be placed at the planning
stages where accountability and transparency must integrate with management practices and
implementations. Sector, process and systemic interdependencies among land and marine based sectors are
to be taken into to account to protects aquatic ecosystems as is seen in the Black Sea Turkey program. For
marine risk principles: anticipatory or precautionary principle to environment protection. This principle
encompassed all actions to avert or minimize the risk to the environment by outlining a hierarchy of
water quality management goals. The wave of new technologies must be aimed at reversing pollution
effects yet keeping systems functioning advantageously also.

An informed, concerned public can be the right arm of administrators and environmental regulators in
gathering much needed information, raising unanimous public awareness for marine vulnerability to all
pollution sources. Concerned, active in promoting new behaviors and invaluable cost savers the
public are an asset and not a liability Government decisions can be made every day without enough
background. Through citizens and programs rallying to assist (the Coastwatch program format) better
information can be channeled. Legislation supported by citizens often does not need costly enforcement.
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EFFECT OF ENVIRONMENTAL CONDITIONS ON Cs-137 AND Sr-85
ACCUMULATIONS BY JAPANESE SEABASS (Lateolabrax Japonlcus)

Y.SUZUKI, Y.ISHIKAWA, S.SAKAMOTO
Marine Ecological Research Institute (MERI), Tokyo, JAPAN

M.NAKAHARA, R.NAKAMURA
National Institute of Radiological Sciences (NIRS), Hitachinaka, JAPAN

The Marine Ecological Research Institute, Tokyo, has been carrying out large
scale and systematic measurement of some radionuclide concentrations of
seawater, sediments and marine organisms collected from 15 fishing grounds along
the coastal seas of nuclear power stations and a nuclear fuel reprocessing plant in
Japan since 1984, as part of an extend marine environmental radioactivity monitoring
program entrusted by the Science and Technology Agency of Japan.

In the results of the monitoring data, the Cs-137 concentrations in the muscle
of Japanese seabass, a common and commercial fish in Japan, is relatively high as
compared with that of other species of fishes, and it has also been observed that the
concentrations vary widely according to the seasons and locations.

Fig.1 2-Component Exponential Model:

Q(t)=Ki exp(-£it)+Ki exp(-jff.t)
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In order to inquire into the reasons, biological behaviour of Cs-137 and Sr-90
in the fish was observed in radioisotope tracer experiments in connection to salinity
because the fish migrate from freshwater to seawater in their life history. Uptake and
loss of Cs-137 and Sr-85 by the fish given the nuciides from ambient water and from
food was observed in 10%, 50% and 100% seawater made by mixing seawater with
tap water.

Radioactivity in the whole body and the tissues or organs of the fish was
measured by using a 40cnf Ge (Li) detector and the biological parameters were
calculated by the application of an exponential model with two components. (Fig.1)

It is demonstrated that the values of the excretion rate (day1) become the
smaller by rearing in the lower concentration of seawater. Although the Cs-137
biological half life of the fish kept in 100% seawater was approximately 60 days, that
in 10% seawater was estimated to reach about 160 days. (Table 1)

Table 1. Parameters of Cs-173 Excretion
(Japanese Seabass; Lateolabrax japonicus)

100X
Seawater

50X
Seawater

10X
Seawater

Long Component
Bi

0.0114
(±0.00075)

0. 0065
(±0.00069)

0. 0043
(±0.00074)

Tbl/2
(Days)

61

106

159

This indicates very decidedly that Seabass which live in the brackish water
for a long time not only accumulates Cs-137 of higher concentration than that in
seawater but also becomes later in the Cs-137 excretion rate from the fish.
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EFFECT OF TERRESTRIAL FLUORESCENT SUBSTANCES
ON DISSOLVED ORGANIC MATTER

IN COASTAL ENVIRONMENT

Yasuhiro SUZUKI*, Yuzuru NAKAGUCffll, Takashi NISHIMURAl,
Eri KAWAKAMI1, Masato AIHARA2 and Keizo HIRAKI1

^Department of Chemistry, Faculty of Science and Technology,
Kinki University, 3-4-1 Kowakae, Higashi-Osaka 577-0818, Japan

2 Faculty of Engineering, Kinki University, Umenobe, Takaya,
Higashi-Hiroshima 739-2116, Japan

Terrestrial dissolved organic matter (TDOM) plays a very important
rule for the behavior and chemical species of the metals, minerals,
micronutrients and radioactive elements in the hydrosphere. TDOM
contained both aquatic humic substances and fluorescent substances in
natural waters has photoluminescence. The characteristics of these
substances were difficult to understand because their structures were
varied by the formation processes as well as the geophysical factors,
climate, started materials. To understand the characteristics of DOM,
fluorescent substances, we used fluorescence spectroscopy which is
simple and high sensitivity technique. This analytical method can
directly measure the sample from natural waters. Specially, a three-
dimensional excitation emission matrix (3-D EEM) spectroscopy
indicates the general fluorescence of excitation and emission spectra. In
this study, the most interest is focused on TDOM effects to DOM in
coastal sea waters. The fluorescence properties of fluorescent
substances in river waters and sediments are investigated by the 3-D
EEM spectroscopy. Therewith, the fluorescent substances from river
sediment, where are considered to be a sink and sources of these
substances, were also investigated with the dissolution experiments.

River water and sediment samples were collected from the Aidu
River system, Wakayama Prefecture, Japan in August and November of
1997. The water samples were filtered by Whatman GF/F glass fiber
filter and stored at 4 °C before determination. The sediment samples
were stored at -4 °C. The elutes from dissolution experiments were
filtered by Millipore membrane filter (pore size: 0.45 /an) and were
measured with Hitachi model F-3010 fluorescence spectrophotometer
equipped with a 150 W ozone-free xenon lamp.

The 3-D EEM spectra of the river waters were characterized by two
or three peaks, excitation/emission wavelengths at 250-260/440-450
run (Peak A) and 310-330/440 nm (Peak B) in the August samples (Fig.
la) and 240-250/410-450 nm (Peak A), 330-340/440 nm (Peak B) and
230/300-310 nm (Peak C) in the November samples (Fig. lb). The
spectrum forms of the August samples were different from ones in the
November samples. Compared among the peak positions of soil humic,
fulvic acids, riverine fulvic acid and standard soil humic substances
(purchased from Japan Humic Substances Society), the peaks of the
river waters were different from ones of the humic acids. However, they
were good agreement with fulvic acids. The results suggest the
fluorescent substances in the river waters are consist of the major
fraction of fulvic-like substances. Relative fluorescence intensities
(RFIs) of the peaks from the August and November samples showed
similar variations, which were increased from the upper to lower streams.
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RFIs of the November samples in wet weather, however, were twice as
high as ones of the August samples which was in fine weather. The
results follow the amount and chemical speciation of the TDOM could
influence the wash-off of the river sediments and the soils where is in a
territory of the river basin. The results also suggest that a source of
riverine fluorescent substances is river sediments.
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Fig. 1 Three-dimensional excitation emission matrix spectra of the river
waters on August (a) and November (b), the dissolution from the river
sediment with the stirring (c) and standing extraction (d).
Contour intervals are 0.2 QSU for (a) and (b), 2QSU for (c) and (d).
The dark rows of lines running diagonally across the left and right side of
the bottom panel are from Rayleigh scatters in the contour plots.

The dissolution experiments of the fluorescent substances from the
sediments were carried out by two models, which were a standing and
stirring extractions. The characteristics of the eluted fluorescence
substances were varied as compared with the results of two models (Fig.
lc and d). Although the peak positions in the river water samples
collected in the fine weather (Fig. la) were similar wavelength
comparing the stirring extraction (Fig. lc), the ones were different from
the results of the standing extraction (Fig. Id). The results of the two
model experiments for dissolving the fluorescent substances are
considered the corresponding to the variation of environmental factors.
On the basis of our finding, the characteristics of TDOM in the river
waters contained the fluorescence substances change with climate, and
the DOM in the coastal sea waters is affected by seasonal variations.
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NATURAL AND MAN-MADE RADIOACTIVITY OF THE DANUBE
CATCHMENT AREA

P. Szerbin, G. Szabo, J. Guczi, E. Koblinger-Bokori, E. Kurtacs
"Frederic Joliot-Curie" National Research Institute for Radiobiology and Radiohygiene,
POB 101, 1775 Budapest, Hungary

C. Dovlete, Gy. Ruzsa
Institute of Environmental Research and Engineering, Independentei 294, 11102, Bucharest,
Romania

V. Major
VITUKI Innosystem, POB 27, 1453 Budapest, Hungary

F.J. Maringer
Austrian Research and Testing Centre Arsenal GmbH, Geotechnical Institute, Faradaygasse
3, Vienna, A-1030 Austria

In 1991 an international expedition leaded by Philippe Cousteau detected some hot
spots along the Danube river. To check in detail these findings a PHARE (Poland Hungary
Aid for Reconstruction of Economy) subsidized study was set on in 1995 with coordination
of Vituki Innosystem (Hungary) and with participation of Austian, Romanian, and
Hungarian research institutes. Besides, some bilateral cooperation has been established
between the monitoring institutions of the riparian states. The general objective of the
project and the joint research was to assess whether or not potential upstream radionuclide
sources in the countries in the upper part of the Danube basin have resulted in evidential
downstream accumulation of radionuclides with potential effect to the Black sea
conatmination. The presentation summarizes the results of the cooperative study.

The Danube is the largest international river in Europe, its length is almost 2900 km,
the catchment area is comprises more than 800 thousand km2. The Danube flows through
eight countries and drains a total of twelve. Nearly 70 million people live in the Danube
catchment area and use the river for various purposes including the production of drinking
water, irrigation of agricultural areas, fishing, sport and recreation, water supply for the
industry and transportation.

Among the various pollutants of the Danube water, some radionuclides of both
natural and man-made origin can also be found. The most important sources of the man-
made radionuclides are atmospheric nuclear weapon tests, nuclear industry, different
scientific, applied research and health care institutes producing and using radioactive
isotopes and isotope labelled compounds for research, diagnosis and treatment of patients,
and for control of industrial processes. The major nuclear installations sited in the Danube
catchment area, including the already existing nuclear power plants in Germany, Czech
Republic, Slovak Republic, Hungary, on the territory of the previous Yugoslavia and
Romania are also considered to be potential sources of radioactive pollution of the river.
Natural radioactivity. The radionuclides contained in the Danube may contribute directly or
via the foodchain to radiation exposure of the population in addition to other environmental
sources.

Water and sediment sampling was performed according ISO standards at different
intervals (10-100 km) along the Danube and at the tributaries. Gross beta activity, tritium,
90Sr, 134Cs, and ''7Cs measurements were done guiding by standard ISO procedures. Among
natural radionuclides 22f)Ra, 22*Ac, 234Th, and 2M-2™{J were determined.
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The gross beta radioactivity of the water and sediment is shown in Fig. 1. and 2.
Though these data are not radionuclide specific, but widely used for monitoring purposes.
From examination of the results it is apparent that there are two points where higher gross
beta activity of the water was detected, namely Wallsee (Austria, river km 2095), and at the
confluence of Jiu river (Romania, rkm 692). First peak was afterwards identified as peak of
lj4Cs, the second as effect of the elevated natural radioactivity in Jiu river water.
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Fig. 1. Gross-beta activity in Danube water Fig. 2. Gross-beta activity in Danube sediment

Results of lj4Cs and lj7Cs measurements in water and sediment are shown on Fig. 3.
and 4. Peaks of 134Cs were found in the water sample collected in the Wallsee and at
Budapest. The origin of these contaminations in both sites is unknown, but repeated and
more detailed sampling at the "hot spots" didn't confirm these findings. In the sediments
137Cs activity concentration showed a tendency to decrease down along the river.
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Fig. 3. 134Cs concentration in Danube water
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Fig. 4. 137Cs concentration in Danube sediment

It was concluded that the Danube river and catchment area are not significantly
contaminated radioactively, most of the man made radioactivity which can be detected is
originated from the Chernobyl accident. Concerning the distribution of this contamination it
was revealed that the level of contamination is decreasing gradually from Budapest to the
Black Sea. It is due to high sedimentation rate in reservoirs which can be characterized
generally by fine and highly retentive sediments. These regions act as "radiological sinks" for
the radioactivity brought with the upstream suspended sediments. Consequently, only the
minor part of the radioactivity can reach the Danube delta and Black sea.

From the data obtained in the present investigation it was concluded that
conventional industrial sources (mining industry, coal burning power plants and siderurgical
plants) sited on the Danube actchment area modify the levels of natural radioactivity.
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A Survey of Marine and Aquatic Oil Spills in the Philippines from 1975-1997

T. P.N. TALORETE
Center for BioMolecular Science Foundation
c/o Marine Science Institute
UP Diliman, Quezon City, Philippines

The Philippines' dependence on shipping for the conveyance of people and commodities has
made it the top cause of oil spill incidents in the Philippines from 1975 to 1997. Of the 116 recorded
spills during this period, 70% were ship-related; 20% occurred in refineries and depots; 7% were
factory-related; and only 3% were due to undetermined causes (Fig. 1).

Fig. 2 shows the yearly frequency of oil spill accidents during this period. The year 1978
experienced the most number of accidents with a total of 5 million liters of different types of spilled oil
(Fig. 3). The year 1986 had only six oil spill incidents but the volume of spilt oil reached 3.3 million
liters. Hardest hit was Negros Occidental with 2.2 million liters of bunker oil emptying into the marine
environment. This was the worst recorded oil spill in the country's history.

Fig. 4 shows the ecosystems affected by oil spills from 1975 to 1997. As much as 66%
occurred in the marine environment, primarily due to shipping and ship-related incidents, as
mentioned earlier. In this context, heavy oil or bunker fuel figured in 40% of the total spilled oil in the
given period (Fig. 5). Fuel oil follows at 18%.

Fig. 6 shows that marine oil spills are caused by three related events: sinking (36%),
grounding of vessels (18%) as well as both collision and sinking of vessels (10%). Other spills
occurred during the transfer of oil from ships to depots or storage tanks via pipelines.

The presence of refineries and depots in Batangas and Bataan makes these areas prone to
oil spills (Fig. 7). As much as 15% and 9% of oil spills occurred in Batangas and Bataan,
respectively, from 1975 to 1997. In terms of volume (Fig. 8), as much as 2.8 million liters were
spilled in Bataan compared to Batangas with only 0.8 million liters. Surprisingly, Pasig River and
Manila Bay had almost similar number of incidents, 6%, and 5%, respectively, and volumes of spilt oil
at both 0.25 million liters in the given period. However, this does not take into account the daily-
undocumented spills in small volumes because of the heavy shipping traffic in the area.
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A HTOMONTTOBING PROGRAM OF THE COASTAJL AKEA OF THE YBSSdPALHY OF MONACO

Syivie TAMBUTTE, Eric TAMBUTTE, Patrick ROLLAND aad Marie-Christine VAN KLAVEREN
Service de ITarvironnement

98000 MONACO

The laboratory of ecotoxicology of lie "Service de rEnvironnement de Monaco" h*<: set up a
biomonitoring program in. three areas of the littoral of the Principality of Monaco. This program
belongs to the general monitoring program on the quality of the Environment. At a subregionai level,
this program is pan of the programs of the tripartite agreement "RAMOGE", between the three
countries France, Italy and the Principality of Monaco; the aim of this agreement being to build a pilot
zone of fight against pollution, in Mediterranean. At an international level, this program goes in the
scope of the "MEDPOL" biomonitoring program intending to establish or to intensify programs for the
continuous monitoring of marine pollution in. the mediterranean, zone.
Our biomonitonng program consists in. assessing the effects of pollutants on two marine organims
(DicentrarchtiS labrax and, Mytiivs galloprovinciaUs) by using general and specific stress indices.
The techniqae of caging is used for the animals, •which are immersed at 5 to 6 m for 3 weeks. Mussels
are placed in. three areas and fishes are placed in two areas. At the Sporting area no special pollutant
rejection, is known. At the Calypso area some analyses made by the Service de rEnvironuement show
the presence of some pollutants. Occasionally, the Fontvieille area is submined to the seawage of me
pretreatmeat water station

0 "Stress on stress" test

BSporting B Calypso • Fontvieilte

25 -

20 -

Figure 1: "Stress on stress" test, on Mytilus galloprovincialis. Values of the
LT 50 (lethal time, L e time at which 50% of the population is dead) hi
days ± S JE. (*: control value)

The values of LT 50 in. control animals (i.e from a non polluted area) are of about 7 days (VTarengo et
al_, 1995). Our results are all above this value indicating the absence of a general stress syndrom-
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0 Lysosomal membrane stability

Figure 2; Lysosomal membrane stability in the digestive gland of Afyntus
gallop rovinrialis. Values of the labilization period (LP) in min ± SE. (*: control value)

The labilizatian period in. control animals of non polluted areas is about 26 min (Vlarengo et al., 1995).
Our value?; are all well below ihis value. "ITiis result could indicate that all the three tested areas are
pofluied. However since a biomarkar by itself is not sufficient to give a conclusion dne to all the
possible biological variations, we can't conclude that these areas are polluted. Moreover the results
obtained with the two other general stress indices (the neutral red retention assay (all above 1 h of
retention) and the "stress en stress" test) are not in agreement with these results and are significative of
a non polluted area.

0 EROD activity

S Sporting ^Calypso • FontvieiDc

Sprig 97

Figure 3: EROD activity in the liver of Dicentrarchus tabraz (*: control value).

Since EROD activity is influenced by many biotic (species and sex) and abiotic (temperature and
season) fectors (Flammariori et al, 1998), it Is hard to give a mean value of EROD activity. However
during an interlaboratory comparison exercise on EROD activity in Dicentrarchus labras. (UNEP
(0CA)/MED WG. 132/4,1997), the values of cannol animals were all below 20 pmol. min"1. mgf1 prot.
Our results axe all well above this control value indicating the presence of hydrocarbons at a level which
has effect on the physiology of the fishes.
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0 Metaflothioneins concentration

El Sporting § Calypso OFontvieifle
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Figure 4: MetaUothioneins conceun alien in the digestive gland of Mytihis gpUoprovinciah (*: control
value)

The mean value of metallothioneins concentration in the digestive gland, of control mnoak is about 300
ug. g'1 wet weight (UNEP (OCA)/MED WG. 132/5, 1997). All the values found in our study are well
below thi«; control value indicating that the three areas are not polluted by metals.

Conclusion
> Our results confirm the necessity to use a battery of biomarkers since t ie result of only one
biomarker can lead to erroneous interpretations.
> The results do not show significative variations between the several geographical sites experimented
in the coastal zone. The explanation which can be given to these results is that the zone is short (2 km
long) and moreover the sites are in an open area.
> Since it's reported that bionrarkers are very sensitive to seasonal parameters (see Lagadic et cd_, 1998)
accute comparisons must be made at the same season so from now on, well carry out 4 sessions (at
each season).
> When possible, well make the experiments bom an. fishes and mussels in order to have results on
two important organisms cf the ecosystem.
> As we now use the biomarkers listed above in routine, we plan to start to use new biomarkers
(genotoxic afreets, acetylcholinestcrase, neutral lipids distribution, lipafuschins accumulation) in order
to have complementary information;; on the effects of pollutants at the cellular and sub-cellular levels of
the organisms.
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DISTRIBUTION OF HEAVY METALS IN SEDIMENTS AND FAUNA OF THE ALL
SAINTS BAY, BAHIA, BRAZIL

Tavares, T.M. & Brandao, A.M.
Laboratorio de Quimica Analitica Ambiental, Instituto de Quimica.Universidade Federal da Bahia, Brazil

The All Saints Bay is the largest of the Brazilian coast (l,100Km2, 13°S, 38°W). It presents
a large diversity of habitats, and along its coastline different conflicting activities take place,
such as urban settlements (Salvador, the capital city, with 2 million inhabitants), industries
(over 300, including an oil refinery, 4 metallurgies and one cement plant) and farming, both
land and sea. The objective of this work was to study the distribution of the main metal
pollutants of industrial origin in the sediments and intertidal bentonic fauna of this bay,
identifying its main sources and thus providing a basis for environmental management on the
part of government, NGOs and industries themselves.

One intensive sampling campaign was undertaken in the SH summer of 1994-95 at 20 sites
inside the bay for sediments, using a Shipek dredge, and in 30 intertidal sites for four
benthonic edible species as well as sediments, with manual random sampling at low tide.
Acid washed plastic, Teflon or glass material was used at all times for manipulation and
storage of samples. Around 30 individuals of the same bivalve species and different portions
of sediment from each site were pooled and homogenized to obtain the mean values of the
metal concentrations in each bivalve species and sediments. Sediments were sieved and only
fraction <200mesh was used. Separate subsamples of the freeze dried tissue homogenates

and of pooled sediments were digested in Teflon pressure vessels with HNO? «nc at 110°C

for 15h and analyzed by GFAA , except for arsenic, for which sediments were treated with
concentrated H2SO4 + HC1O4 in pressure vessels and fauna was mineralized in 50mL becker

with a mixture of HNO3.HCIO4 (5:1), with ramp heating for 3h until 210°C, final dilution
with HC1 4M and analyses by AA hydride generation. All sediments sample were
characterized for type and granularity. Humidity was determined in parallel for each bivalve
sample.

The bottom of the bay is muddy and contains high percentage of clay and silt and is
functioning as a deposit mainly for Pb, Cu and Cr and in a smaller scale for As and Mn in
the north and northeast, where most industrial activities take place. Sources seem to be
multiple, including not only the industrial production sites but also the transport operations
of ores and products. Table 1 summarizes the metal situation in the All Saints Bay and the
probable main sources.
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Table 1; Heavy Metal Contamination of the All Saints Bay, 1995

Heavy
Metal

Cd

Pb

Cu

Mn

Cr

As

Degree of Contamination
Sediments

Intertidal

O

H

H

E

O

0

Botton

E

H

H

E

E

E

Edible
Molluscs

H

H

H

O

O

E

Main
affected

area

NE, N, NW,
Channel

NE, N, NW,
E, Channel

N, NE, NW,
Channel

NE, NW,E

NE, N, NW

NE, NW

Probable
Sources

Pb metallurgy, oil
refinerj' and unknown

sources

Pb metallurgy, other
metallurgies, oil

refinerj' and unknown
sources

Unloading of Cu ore
in port, oil refinery,

Pb metallurgy

Fe-Mn metallurgy,
oil refinery

Metallurgies and oil
refinery

Unloading of Cu ore
in ore, Pb metallurgy

Risks

Molluscs of 6% of
sites improper for

regular
consumption**

Molluscs of 56% of
sites improper for

regular
consumption**

Concentrations up
to 1,2% in

sediments near port
represent damage to

food chain

-

-

*Degree of contamination: 0 - no contamination, E - enrichment; H - high values, contaminated
** According to FAOAVHO, 1990.

Other sites of the bay present contamination of nonidentified sources, such as Pb and Cu in
the southwest channel. The edible bivalves of the north of the bay are improper for regular
consumption due to levels of Cd and Pb above those recommended by FDA, USA and/or
FAOAVHO, 1990.
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RADIOTRACER STUDIES ON RADIONUCLIDE AND TRACE ELEMENT CYCLING IN CORALS

S.W Fowler, J.-L. Teyssie, A. Acosta,
IAEA Marine Environment Laboratory, BP 800
MC-98012 MONACO
E-mail: fowler@monaco.iaea.org

J.-P. Gattuso and J. Jaubert,
Centre Scientifique de Monaco, Observatoire Oceanologique Europeen, Avenue St-Martin, MC 98000
MONACO

Tropical coral reef ecosystems are vulnerable to impact from land-based sources of pollution;
however, information on contaminant cycling in such ecosystems is scant compared to that for
temperate latitudes [1,2]. Corals are potentially useful bioindicator organisms to monitor historical
trends in heavy metal and radionuclide contamination [2-4] as well as paleo-oceanographic changes
[5,6]. Both these uses require baseline information on the kinetic behaviour of metals and radionuclides
in corals.

Microcosm experiments were designed in which microcolonies of three coral species were
exposed to gamma-emitting radiotracers of trace metals and radionuclides ( 241Am, 109Cd, 57Co-
cyanocobalamin, l1OmAg, 134Cs, 65Zn, 60Co, 75Se, 8SSr, 133Ba, MMn ) to determine uptake and loss as well
as distribution in tissue, skeleton and zooxanthellae. Following a seven day exposure in seawater, the
degree of uptake (CF = concentration factor) for a given element was highly dependent on species.
The highest CFS in whole colonies were found for l1OmAg (82-172), 57Co (68-124) and 65Zn (41-52); the
lowest CFS were noted for the soluble radionuclides 134Cs (1-2) and 85Sr (2-9). Low CF5 were recorded
in skeleton and increased by roughly an order of magnitude between skeleton, tissue and
zooxanthellae. 241Am is readily taken up by dead skeleton (CF=31-49 ), whereas in living corals it is
preferentially accumulated by the tissue (CF=51-120) which acts as a partial barrier against
contamination of the internal skeleton (CF= 6-10). The chemical species of the element can also affect
uptake by corals, as evidenced by the order of magnitude greater bioaccumulation of organic cobalt
compared to the inorganic form in tissues. Once accumulated, some of the elements tested (e.g. Cd,
Co) are strongly retained with biological half-lives as long as several months.

Symbiotic zooxanthellae in the corals accumulated several elements to the same degree as
free-living phytoplankton ( CFS as high as 10" for Mn and Se ) and likely play a major role in metal
metabolism in corals. Furthermore, these flagellates accumulated Sr (CF=3x103) to a much greater
degree than do most marine phytoplankton (CF~3) which suggests that zooxanthellae are important
vectors in the deposition of Sr into the aragonite skeleton of their hosts.

These radiotracer experiments have clearly demonstrated that corals show unique responses
to trace element and radionuclide bioavailability. Corals take up metals and radionuclides from the
dissolved phase and may serve as good bioindicators for many of these elements in the environment.
Accumulation and retention times vary greatly depending upon the element and the coral species.
Tissue from the three species tested shows a greater affinity for most of the elements than skeleton,
and symbiotic zooxanthellae may be responsible for the metabolic transfer of elements like Sr to the
skeleton. Based on these findings, it is concluded that tissue and skeleton of living coral colonies as
well as dead reef structure (skeleton) can serve as excellent bioindicators of anthropogenic impact and
natural oscillations of radionuclides and trace elements in tropical ecosystems.
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INFLUENCE OF FOOD QUALITY ON THE ASSIMILATION, RETENTION AND DISTRIBUTION OF
SELECTED TRACE ELEMENTS AND RADIONUCLIDES IN THE MEDITERRANEAN CRAB
Pachygrapsus marmolatus

J.-L. Teyssie, S.W. Fowler, G. Schonbeck
IAEA Marine Environment Laboratory, BP 800
MC-98012 MONACO
E-mail: teyssie@monaco.iaea.org

Crabs are often used as benthic bioindicators of contaminants. A number of studies have
examined the uptake and retention of radionuclides and metals from food and from water, but very few
have studied the effects of different food types on assimilation, retention and distribution of these
elements in benthic crustaceans. Here we present the results of radiotracer experiments which aimed
to test the influence of food type on the assimilation and retention of five key trace elements and a
transuranic radionuclide in a common species of crab.

Carrier-free or high specific activity solutions of 109Cd, 65Zn, t1OmAg, ^Co, 75Se and 241Am were
used in a mixture to label mussels (Mytilus edulis) for six days in sea water containing a suspension of
phytoplankton cells (Isochrysis galbana). In addition, worms [Nereis versicolor) were directly labeled
from water with these same radioisotopes during six days.

Two sets of crabs (Pachygrapsus marmolatus) were fed ad libitum for a few minutes with
prelabelled mussel soft parts or worms. Crabs fed with mussel soft parts or worms were then dissected
after 55 or 42 days of loss, respectively.

Subsequent whole body radioanalysis showed that the assimilation efficiencies, biological half-
lives for retention, and fecal excretion were different for the six radioisotopes in the two crab sets.
11OmAg displayed the longest biological half-life (1232 d for mussel food and 2458 d for worm food) and
the highest assimilation efficiencies 71% and 86%) in the crabs labeled with the two foods. Biological
half-lives for the six radioisotopes ranged from 30 to 2458 days and assimilation efficiencies from 36 to
86 % depending upon the element.

Radioisotope distributions in organs and tissues of crabs fed with mussels or worms were not
significantly different. In both cases, 65Zn, 75Se, 60Co, 11OmAg were absorbed across the intestinal barrier
and concentrated in crab muscle. Hepatopancreas had the highest radioisotope concentrations for the
two groups. 11OmAg, 75Se and 65Zn showed the greatest affinities for the exoskeleton. 11OrnAg was the
most reactive element with all the organs in the two groups of crabs.

The amounts of radiotracer excreted with the feces were element and food-type dependent.
Once excreted, the elements were lost from the feces with half-times ranging fron 8 (^Zn) to 68 days
(241Am). With the exception of 241Am, each radiotracer was lost at nearly the same rate from the fecal
pellets produced from either worm or mussel food.

We conclude from these experiments that biological half-lives, assimilation efficiencies and
fecal excretion of these elements in crabs are dependent on the quality of the food. The subcellular
isotopic distributions in the mussel soft parts and the worm are different, however there does not
appear to be a direct correlation between these subcellular distributions and the isotope assimilation
efficiencies by crabs. Different isotope ligands in food or associations with subcellular fractions could
influence their assimilation and retention in crabs.
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Hazardous chemicals in marine mammals from the western North
Pacific

Nobuyuki Miyazakl*. Shlnsuke Tanabe** and Ryo Tatsukawa***

*Otsuchl Marine Research center. Ocean Research Institute, The
University of Tokyo, Otsuchi-cho 2-106-1, Iwate, 028-11, Japan
••Department of Environment Conservation, Ehime University, Tarumi,
3-5-7, Matsuyama 790, Japan
""University of Kochi. Akebono 2 -5 -1 , Kochi 780, Japan

Marine mammals have long-term life and occupy the highest ecological
niche in the marine ecosystem. Thus, higher concentration of hazardous
chemicals are expected In marine mamals. In the present study, we
review contamination of organochlorine compounds (DDTs, PCBs, HCHs,
etc.), heavy metals (Hg, Cd Pb, etc.) and butyltin (TBT, OBTand MBT) in
marine mammals collected from the western North Pacific, and discuss
the woridwide contamination of these chemicals.

As organochlorine compounds were liposoluble, more than 90% of
the total burden in whole body was accumulated in blubber of the
animals. Concentration of organochlorine compounds in the striped
dolphin wae about one million times as much as that In surface waters.
Organochlorine compounds of adult males were higher than those of
adult females, which eliminated these chemicals through lactation and
parturition. Elimination rate of DDTs, PCBs and HCHs In adult females
of the striped dolphin were estimated to be 91%, 88% and 72% in
lactation and 4.2%, 3.8% and 6.3% in parturition, respectively. Higher
concentration of DDTs was found in the animals from the tropical
waters, and could be attributed to the current usage of DDT in the
tropics and less movable nature of this compound via long-range
atomospherlc transport. On the other hand, higher concentration of
HCHs was found in the animals from cold and temperate waters. This
phenomenon might be reftective of atmospheric transport of HCHsfrom
the tropical source to the northern sink. A similar pattern was also
observed In PCBs, probably Indicating the ongoing discharge of this
compound from mld-latltude as well as that In tropical region.
Concentrations of DDE and testosterone in adult male Dall's porpoises
showed negative relationship, suggesting that higher DDE level could
cause an imbalance of sex hormones and subsequent reproductive
abnormalities In wild.

Concentrations of Fe, Mn, Cu and Hg showed the highest in liver,
while those of Zn and Nl, Pb, and Cd were the highest in skin, bone and
kidney, respectively. A positive correlation of metals with age was
found In muscular Fe, Pb, Nl, Cd and Hg levels, in hepatic Pb, Nl, Cd and
Hg levels, and In renal Hg level, while in hepatic Mn, Zn and Cu levels
and renal Mn and Cu levels a negative correlation with age was found.
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Concentrations of Hg and Cd in the striped dolphin from Japanese
waters were one million times as much as that in surface waters as
well those of organochlorine compounds. In the striped dolphin, 50-
70% of T-Hg and 80-90% of Me-Hg in whole body were accumulated In
muscle. In the young animals of 9 years or less, Me-Hg occupied 70-
100% of T-Hg, while In the older animals the ratio of Me-Hg to T-Hg
decreased up to 20% with age. Concentration of Hg in fetus was very
low. Transpiacental transfer of Hg from the mother to her fetus was
estimated at about 1%. Most (96%) of Hg in milk was composed of Me-
Hg. Higher correlation coefficient (more than 0.9) was found between
Hgand Se concentration in spleen, muscle and liver, suggesting that Se
has a protective effect against the toxic action of Hg. Relationship
between concentrations of Cd in liver and kidney was almost linear
until 20 ppm in liver, where Cd level in kidney remained stationary
while Cd level in liver continued to increase. This suggests that Cd
concentration exceeding 20 ppm in liver might suffer disease for
marine mammals such as kidney failure syndrome for humans.

Butyltin compounds (BTs) including tributyltin (TBT), dibutyltin
(DBT), and monobutyltln (MBT). Butyltin concentrations in liver were
determined in the marine mammals and showed higher level in the
animals inhabiting coastal waters than those inhabiting pelagic waters.
Higher concentration of BTs was found In the animals from the waters
of developed countries compared with those from developing ones.
More serious BTs contamination was found in the waters of the
developed countries compared with developing ones at present. The
estimated concentration ratio of BTs in liver of killer whale fetus to
its mother was relatively low (0.015), indicative that transplacental
transfer of BTs from the mother to her fetus was a deal less. Among
the BT breakdown products, DBT was predominant in most of the liver
samples analyzed, followed by TBT and MBT.

At present human beings face severe global environmental problem
of marine pollution, we need to study systematically on monitoring
marine pollution of these hazardous chemicals. We propose the
establishment of an International research network for marine
pollution and an international specimen bank for marine specimens.
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CHROMOSOME MUTAGENESIS INDUCED BY RADIOACTIVE AND CHEMICAL POLLUTION IN
NATURAL POPULATIONS OF AQUATIC ORGANISMS FROM THE BLACK SEA AND ITS
BASIN

V. G. TSYTSUGINA
I n s t i t u t e of Biology of Southern Seas, Sevastopol, Ukraine

In the l a s t 20 years we studied chromosome mutagenesis in na tura l .
populations of aquatic organisms from the Black Sea, the Danube River and the
Dnieper River, including the Chernobyl zone. The r a t e of chromosome
changes in somatic and generative cells of 35 species (worms, mollusks,
echinoderms, crustaceans, fishes) from the neustonic and benthic
communities was investigated. I t i s known tha t these biotopes are regarded
as the main "ecological targets" in aquatic ecosystems.

Chromosome aberrat ions in cells a t the anaphase-telophase stages of
mitosis and the anaphase-telophase stage I and II of meiosis were analysed.

Analysis of the samples shows tha t the populations of mollusks,
worms, crustaceans and fishes from the Black Sea have generally a more low
mean r a t e of chromosome aberrat ions (up to 2%) than the populations from the
Danube River and the Dnieper River (up to 8%). Aquatic organisms from the
Chernobyl zone have the most high ra te of chromosome changes (up to 12%).

To assess the re la t ive contr ibution of the radioact ive and chemical
pol lu tan ts to the t o t a l chromosome damage observed in na tu ra l populations
of aquatic organisms we used a method of the analysis of the d i s t r ibu t ion of
chromosome aberra t ions in cells. This method is based upon experimental
study of radia t ion and chemical mutagenesis in crustaceans and fishes.

The experiments shows tha t the d is t r ibu t ion of radiat ion- induced
aber ra t ions in cells f i t s the Poisson d is t r ibut ion more closely. For the
d is t r ibu t ion of aberrat ions produced by chemical mutagens (heavy metals
and chlororganic compounds) the geometric d i s t r ibu t ion provides the
be t t e r f i t to the data. Under the impact of both factors the d i s t r ibu t ion of
aber ra t ions is closer to the Poisson d is t r ibut ion if ionizing rad ia t ion has
the g rea te r influence. The observed d is t r ibut ion i s closer to the geometric
d i s t r ibu t ion if both factors are comparable in effect:

Mutagenic agents The dis t r ibut ion of chromosome
aberrations in cells

R (only) and (R'+ C) closer to the Poisson distribution
P(n) - m" em / n!

C (only) and (C'+ R) closer to the geometric distribution
P(n) - (1-q) qn

where R is radionuclides, C is chemicals, R* and C indicate the dominant
impact in the combination, m is the mean number of aberrations per cell, n
is the number of aberrations in cell, q - m / (m+1). is the fraction of aberrant
cells.

Table presents the data on the distributions of chromosome
aberrations in cells of some aquatic organisms from the Black Sea.the Danube
River, the Dnieper River and the Chernobyl zone. It can be seen that
greater concordance with the Poisson distribution is observed in cells
of organisms from the Chernobyl zone as well as in one species of fish
(Rutilus rutilus) from the Black sea. It should be noted that developing
embryos of Rutilus rutilus had very high rate of chromosome mutagenesis
(30,5%). It can be suggested that chromosome damage in cells of these embryos
as well as of worms from the Chernobyl zone was induced mainly by radioactive
pollution, including hot particles.
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In all other cases the distributions of chromosome aberrations in
cells were closer to the geometric distribution. It is probably that
chromosome changes in these aquatic organisms were produced by chemical
pollutants.

TABLE. Distribution of chromosome aberrations in cells of some
species of aquatic organisms from natural populations

Species

The Black Sea
Amphiura
Stepanovi
Monodacna
caspia

Scophthalmus
maeoticus
Rutilus
rutilus

The Danube River
Nais

bretsheri
Naididae sp
The Dnieper

River
Pontogammarus

crassus
Pontogammarus
robustoides

The Chernobyl
zone
Dero

obtusa
Nais

pseudobtusa
Nais
pardalis

Year

1986

1986

1989

1986

1988
1988

1992

1992

1995

1995

1995

Cells number with
number of

aberrations
0

396

408

2659

1760

303
399

1209

1127

540

528

539

1

32

34

72

589

19
22

' 41

69

36

45

50

2

3

2

2

95

3
2

4

5

2

1

3

3

0

1

0

0

0
0

0

1

0

0

0

X2 -criterion of
concordance with

distribution
Poisson

1,73

1,21

1,05

1.31

5,64
2,04

9,70

4,91

0,42

0,42

0,17

Geometric

0,06

0,05

0,01

50,47

1,77
0,43

2,71

0,38

0,06

1,98

0,52
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DETERMINATION OF NATURAL AND ARTM'TCAL
RADIOACTIVITY IN ALGAE AND SEDIMENTS IN THE

MARMARA SEA

AVARtNLtOGLU, R. KfjgfJKCEZZAR and A. K.6SE

Qekmece Nuclear Research and Training Center,
P.O.Box I. Atatiirk Airport, 34831 Istanbul, Turkey

All sediment and algae samples collecled from 6 sampling stations on
Marmara Sea which have different depths have been analyzed. The purpose of this
paper is to follow up the earlier study and present results for the distributions of
radionnclides in sediment, algae and sea water of Marmara Sea.

The Marmara Sea is a small inland basin with a surface area of 1150 km2

and a volume of 3378 kmJ. The east - west dimension of the basin is about 200
km and Hie width in Ihe norlh - south direction is about 70 km. Three depressions
occupy the northern half of the basin, with maximum depths of 1097, 1389 and
1238 m respectively, from west to cast. The sills between the western, central and
eastern basin are about 10 and 30 km wide, respectively. Tlie southern half of the
basin is occupied by the relatively shallow shelf region with an average depth
of 100 m.

The Marmara Sea is connected to the Black Sea through the Hosphorus
Strait and to the Aegean Sea through the Dardanelles Strait. The Dosphorus is 31
km long, 0.7 - 3.5 km. in width, has average depth of 35 m. The Dardanelles is
nearly 62 km long, its width varies between 1.3 and 7 km, and its average depth is
55 m.

A major part of pollutants transported by current systems are noimally
adsorbed on line grained particles in suspension. The Marmara Sea rivers are major
recipient media for radioactive effluents released from the inland Marmara Sea
area . The dissolved radioiiuclides in the Marmara Sea rivers are finally
transported along the Marmara Sea coastal area to the Marmara Sea.
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SAMPLING STATIONS

Sen water samples were collected al two layers using 60 1. plasiic water
tank thy samples were taken approximately from 100m. to 0 m. depth. During this
work 12 sea waler from 6 sfalions were collected ihe samples are aeidiJkd lo
about pH 1 avoid adsojplion oil ihe eoutaijier walls.

Bottom sediment samples ( —t kg wet) from 6 stations from nil over the study
areas Fig. 1 were taken at a depth of ~100in. using grab sampler.

The ujg samples were collected from Qebze, Gcinlik, liidel., $a/16'y,
Tekirdag, Silivri on see Fig. 1.
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Deep-Water Monitoring of Norwegian Sea Water Radiation Conditions Near
the Site of Atomic Submarine "Komsomolets" Sinking.

S.P.Vesnovskii

Nuclear and Radiation Research Center of Russian Federal Nuclear Center
All-Russia Scientific Research Institute of Experimental Physics

Sarov (Arzamas -16), Nizhni Novgorod region, Russia

Resulting from the accident which took place in the Norwegian Sea on April 7, 1989 the
atomic submarine "Komsomolets" sank at a depth of 1700 m. The power installation nuclear
reactor with uranium fuel and two torpedoes containing weapon plutonium and uranium of high
enrichment represent radiation hazardous items located on its board.

Within a set of years there were organized complex expeditions of some Russian Institutes
to control radiation condition near the submarine sunk and to realize a set of shielding measures
for the purpose of preventing possible yield of radioactive elements to the sea environment.

The radiometric and mass-spectrometric measurement results of concentrations of
radionuclides - fission products and actinide elements - in the samples taken near the points of their
possible yield as well as TV and visual information obtained with the aid of deep-water controlled
apparatus "Mir" were taken advantage of to create a prediction model of environment
contamination and to estimate ecological consequences of this accident.

The key problem of these investigations was to state the fact of the lack of structural fissile
materials yield, especially of plutonium-239, from the warheads of atomic submarine equipment.
This task was solved by the specialists of RFNC-VNIIEF radiochemical department, who
developed specific high-sensitivity techniques of uranium and plutonium content measurement in
sea water and sediment samples. These techniques ensure the obtain of data when the investigated
elements content is at the level of 109-1010 atoms in the sample while the background of these
elements background content in the sea water is global.

At the same time there was created gamma-spectrometric equipment for deep-water
measurements (up to 2000 meters) taking advantage of cooled germanium semiconductor detector
with high energy resolution, resourse of independent operation up to 40 hours at this depth, the
spectrometric information being stored in accord with the program given.

The review of investigations carried out during the expeditions within the last three years ,
the characteristics of the equipment used and the results obtained are presented in the given paper.
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Environmental state in Mekong delta south of Viet Nam

\ o Duy Son
Institute of oceanography - Nhatrang , Viet Nam

The assessment of environmental stale is a problem being interested . A lot of
publication have been suggested to estimate the eutrophication . bul it was not good to
apply in each concrete case | Zhaoding Wang 1987 J especially for studying on the
environmental evolution . This publication focused on the environmental state oi
Mekong delta in Viet Nam and problem oi' assessment. To do this , a general model
was introduced as following :

iLnvironmenlal
; variables

Principal component
analysis in R-mod

Reverse problem
ol' R-mod

Regressive model
of new variables on
original Variables

New variables

Co-ordinate transformation of
new variables

The formula for assessing environmental state
| was suggested as first component 1 = Ij Aij*Xij.

Where i : number oi' variables , j ; number of sample.
In case of Mekong delta . 64 samples including four rivers from upper stream

to the estuary was analysed with variables of chlorophyll-a . biochemical oxygen
demand . DIN . DIP . Their average concentrations were taken as standard levels at
the sites near by river mouths . where the bad pollution were occurred with the
collapse of shrimp aquaculture in 1997 . 6.85(.ig/l : .i.SmlOi/l ; 164 (ag/1: 34 iig/1
correspondent to Chl-a . HOD , DIN and DIP. These standard levels ranged little
lower than suggested ones of Zhaoding Wang . The result of above model was
formula 1 :

I = 0. l5*ChI-a + (U455*B()L) + 0.0059*DlN + 0.0341 *UIP (I).
PS1 = 1/ls .PS1= 1 : eulrophication (2)

with the multiple regressive coefficient of new variables on original ones before co-
ordinate transformation ol new variables was 0.999 and Is : calculated value oi
.standard level from (1 ) .
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Tab 5: Averaged values of measured variables and water quality indices of
lour rivers from (I and 2).

City

CAMAU

IRA

V1N11

('AN
111()

River

ONG

TRANG *

BO Db *

I'I ING

HAD *

IMNH AN
**

Site

Around
river mouth

Middle region

Around
liver mouth

Middle region

Around
river mouth

Middle region

Upper region

Near shore

Around
river mouth

Middle region

Chl-a

(l-ig/1)

6.58

3.16
6.53

3.17
1.46

0.88
0.78
1.09

2.92

2.35

BOD
(mlO2/l)

3.5

2.16
2.18

1.96
1.24

0.87
1.37
1.39

1.33

2.95

DIN

(|ig/l)
164

60.71
19.71

60.74
63.58

57.69
83.13
7.57

8.42

14.08

DIP

(Hg/1)
34.03

26.13
24.41

30.37
14.53

19.86
20.83
7.57

6.15

8.98

PS I

1

0.57
0.61

.58

.35

0.34
0.41
0.22

0.27

0.37

These studied results cited that mangrove ecosystem in the middle region of
Ca Mau was ecosystem of nutrient enrichment by runoff of discharged water from city
and mangrove forest. Therefore , the development shrimp acquaculture and relevant
activities nearby river mouth induced easy eiitrophication with consequence of
acquaculture collapse in 1997 . In Tra Vinh and Can Tho although the dominant
influence ol' continental runoff, but good water exchange in estuary conditioned to
retain low trophic level . However, it was noticeable on the organic pollution in the
middle region ol' Dinh An river.

Thus the model permitted to estimate the evolution of environmental state in
any waters without need of given formula except to the present of standard levels in
field of data.
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A survey of heavy metals in mussels
(Monaco, 1989 -1396)

Andre VEGL1A
Service de rEnvironnement

3, Avenue de Fontvieille
MC 98000 MONACO

The pollution by heavy metals of the marine environment in Monaco was
estimated by analysing mussels which naturally grow on the open-sea side of the main
dam of the new harbour of Fontvieflle (1). Sampling took place ten times between
November 1989 and May 1996.

Soft tissues of mussels were removed from the animals on the day of sampling
and were kept frozen at - 306C until the analysis. Then, they were wet-ashed by nitric
acid and hydrogen peroxide. Solutions of tissues were analysed by atomic absorption
spectrometry using the graphite furnace technique and Zeeman background correction
for Co, Cd and Pb. Mercury was determined by the cold-vapour technique using
stannous chloride as a reducing agent. The quality of results was checked by
participating in IAEA/MEDPOL intercomparisons.

The analysed mussels always had a Tninimum size of 2.0 cm. For each sampling,
the collected mussels were divided in three groups according to their size (small,
medium and big size). Animals belonging to the same group of size were pooled and
their soft tissues constituted a subsample for subsequent analysis. This procedure was
applied in order to determine the effect of the size of mussels on their heavy metal
concentrations. It was not possible, however, to keep constant the size limits for each
sampling since the population of mussels on the dam naturally grew during the survey
period. Collected samples of this population were essentially constituted of small size
(2-3 cm) mussels in 1989 and of big size (till 6 cm) mussels in 1996.

For each sampling, the highest concentration of copper was found in small size
mussels while the smallest concentration was found in big size mussels. In the case of
cadmium, the effect of the animal size on the concentration was not systematic. The
smallest concentrations of lead were found in the group of big size mussels and, like
copper, lead concentration has a general tendency to decrease when the size of the
analysed smirks increases. Mercury concentrations present two peaks (in. November
1991 and February 1994) and an effect of the animal size on the concentration is only
visible for these peaks (the mercury concentration tends to decrease when the animal
size increases). Similar effects of the influence of the size of mussels on their heavy
metal concentrations were reported by other authors (2,3).

A significant correlation between metal concentrations was only found for
copper and lead (r = 0.638, p < 0.001). An inverse relationship between metal
concentration, and atiimai size is significant in the case of copper (r =• - 0.697,
p < 0.0O1) and lead (r = -0.800, p < 0.001).

An inverse relationship between metal concentration and sampling date is also
significant in the case of lead (r = - 0.473, p < 0.01). At first sight, this could indicate a
decrease of the lead concentration in the surrounding sea water during the survey
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period. This decrease could result, for instance, from a decrease of lead concentration
in gasoline (the traffic is very important in this area and can be a major source of
pollution of the coastal sea water by lead).

A significant correlation, however, was also found between the average size of
the mussel samples which were analysed and the sampling date (r = 0.620, p < 0.001).
This is due to the above-mentioned fact that samples of collected mussels originate
from a naturally growing population, the mussels collected at the end of the survey
period being generally bigger than mussels collected at the beginning of this period

As already mentioned, metal concentrations (and in particular lead
concentrations) exhibit a general tendency to decrease when the animal size increases.
We attribute, therefore, the inverse relationship between lead concentration and
sampling date to the fact that the average size of the analysed animals increased with
time, resulting in an apparent general decrease of lead concentration in mussels. If such
a decrease of lead concentration in mussels really exists, it is probably very small and it
is masked by the effect of the animal size on metal concentration in mussels.

Concentrations of copper, cadmium, lead and mercury in mussels collected in
Monaco are of the same order of magnitude as those which were reported for other
places in this area of the Mediterranean sea (4).

This work underlines the feet that the effect of the animal size should be taken
into account when applying the mussel watch technique to the estimation of the state
of pollution of sea water by heavy metals.
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Low-level y-spectrometry using HPGe detectors has many applications in the
environmental sciences. The reason is an excellent energy resolution that enables the analysis
of several radionuclides in composite samples selectively. The radionuclide levels observed
at present in the marine environment are very low, therefore increasing sensitivity of
spectrometric systems is required.

Though the most effective way of increasing the factor of merit of a counting system is
to increase the counting efficiency and amount of sample, usually the only available way is to
decrease the background of the spectrometric system. The background components of HPGe
y-spectrometers are mainly : (1) cosmic-rays (2) radioactivity of shielding materials, (3) radon
and its progenies, (4) radioactivity of detector materials.

For present-day carefully designed low-level HPGe y-spectrometers, which do not
operate deep underground, the dominating background component is that induced by cosmic
rays, mostly by cosmic muons. High energy cosmic rays are able to initiate a large number of
complicated physical processes leading to the background induction. When one tries to
quantify the background, one always has to cope with rather complicated detector-shield set-
ups and physics. Obviously, analytic solutions are not possible and the only way to solve this
problem is a Monte Carlo simulation.

Development of a simulation code for background induction is useful for intentional
optimisation of a counting system in respect to its background characteristics. It enables to
assert the background before the system has been built and also to perform systematic
investigations of influence of various parameters on the background shield detector set-ups.
The GEANT code [1] has been selected from the code systems facilitating simulation of
passage of particles through matter as it best meets the requirements for simulations with
high-energy muons. A particle random generator of cosmic muons at sea level according to
the standard cosmic-muon flux was developed. Also codes for simulations of detectors placed
underground with reduced muon fluxes were written using the sea-level muon generator and a
muon rejection / muon momentum reduction method.

The obtained results show that the background depends most significantly on the size
and lining of the shield. The most sensitive parameter of the background is the maximum
value in the background continuum Three sizes of lead shields were simulated, marked as S -
small, M - medium and L - large, with cylindrical or rectangular shapes. The types of lining
were descending-Z (DZ: lmm Cd, 2 mm Cu), PBO: lead only; PC05: 0.5 cm Cu and PC 10:
1.0 cm Cu. Figure 1 shows the maxima in background continua for the normal coaxial HPGe
detector placed in shields marked as indicated above. C, R mean cylindrical and rectangular
shields, respectively, U means 20 m.w.e. underground. The other background characteristics
feature similar dependencies, except count rates in the annihilation peak which slightly
decrease with increasing thickness of low-Z lining. The background characteristics of the
well-type detector are similar.

The shield with a removable lining is the best choice as it can be removed in
applications in which the lead X-rays do not disturb. A descending-Z lining composed of, for
example, 1 mm Cd and 2 mm Cu is better than thick layers of copper only. The normal
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coaxial detector, which is intended for counting larger volume samples should be s
medium-size shield to allow also some place for the sample. It is not advisable to build the
shield unnecessarily large. In this arrangement, the integral background count rate « expected
to reach about 85 cpm, the count rate in the annihilation peak is estimated to be about.4400
cpd and the maximum in the background continuum should be approximately 210 cpd/keV
(at sea level) The well-type detector intended for counting of small samples mside its well
should be placed into a tight shield without lining. In this case, the integral background count
rate can be as small as 50 cpm, the count rate in the annihilation peak can be reduced to 1900
cpd, and the maximum in the background continuum minimised down to only about 10U

cpd/keV. , , ,
The simulation of the horizontal and vertical anticompton arrangements showed that

the differences between the two set-ups are negligible in the lower-energy region. Differences
can be found only in the energy region above 10 MeV which is not interesting for low-level
counting of environmental samples. The vertical set-up seems to be more efficient for anti-
coincidence pulse rejection below about 1 MeV, but the difference is small. Therefore, the
background characteristics of the horizontal and vertical set-ups are not appropriate criteria for
selection of the shield orientation. Other criteria, like mechanical construction, access to the
sample space, etc, should decide. The anti-coincidence pulse rejection is quite strong, at least
40 at 1500 keV and in average about 90. The maximum in the background continuum of
about 200 cpd/keV is reduced to only about 1.5 cpd/keV. At this level of the anti-coincidence
reduction the other background components like contamination of shielding lead and the
Nal(Tl) detectors and their photomultipliers with primordial radionuchdes might already
dominate the background.
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Figure I. Background characteristics of a HPGe detector
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TRACE ELEMENTS, PESTICIDES AND PCBs LEVELS IN SEDIMENTS OF A
BAY INFLUENCED BY ANTHROPOGENIC ACTIVITIES (THERMAIKOS BAY,
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GREGORIADOU

National Centre for Marine Research, Ag. Kosmas, 16604 Hellinikon, Greece.

Thermaikos bay, in the N.W. Aegean Sea, receives about 120000 m3/day of
untreated sewage water from the city of Thessaloniki, with a population of 1200000
inhabitans. In addition an amount of about 25000 m3/day of treated or partially treated
industrial effluents is released on the northwestern coast of the bay, where the
industrial zone is located, while the agricultural runoff of an area of 93542 cultivated
hectares is discharged in the western part of the bay.

Axios rivei [ '

Industrial zoner-r

•

ortTHESSALONIKI

> ^^j-vSewage outfall

• 'y

FIG. 1. The sediment sampling stations in Thermaikos gulf

Surface sediment samples recovered from the study area over a grid of 13
stations (Fig. 1) during 1995 were examined for organic carbon, Fe, Cr, Ni, Mn, Zn,
Co, Cu, Pb, herbicides, DDTs and polychlorinated biphenyls (PCBs). The organic
carbon was obtained according to Gaudette et al [1]. The extraction of the metals was
achieved with 2N HCl and the determination of the metal content was performed on a
Perkin-Elmer 305B AAS [2]. The pesticides and PCBs after extraction on a Soxhlet
apparatus and clean-up on an alumina column were determined by gas
chromatography on a Varian 3400 Gas Chromatograph equipped with TSD and ECD
[3,4].

Table 1. Pollution ratios of organic carbon and trace elements in

Industrial zone
Port
Sewage outfall
Axios river

Organic
carbon
8.25
5.96
7.45
2.13

Fe

1.34
1.13
1.18
1.55

Cr

2.52
2.14
1.61
1.54

Ni

1.00
1.08
1.17
1.83

Mn

1.00
1.02
1.00
2.93

Zn

2.53
2.73
3.01
1.92

the Thermaikos Bay
Co

1.07
1.00
1.07
1.14

Cu

3.53
3.41
3.06
1.88

Pb

9.00
6.00
4.50
3.65
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Organic carbon contents ranged between 0.47% and 3.30 %, Fe 1.94-3.00 %,
Cr 121-305 ppm, Ni 60-120 ppm, Mn 460-1350 ppm, Zn 73-220 ppm, Co 14-20 ppm,
Cu 17-60 ppm and Pb 20-180 ppm. The pollution ratios in the four sources of
pollution i.e., the industrial area, the port, the sewage outfall and the Axios river are
shown in Table 1. Total PCBs concentrations (the sum of 7 congeners) varied between
0.8 and 88.2 ng/g, while total DDTs (the sum of DDT and its metabolites DDE and
DDD) exhibited lower values and their concentrations ranged from 1.5 to 22.8 ng/g.
Atrazine, simazine and alachlor were the main herbicides detected in the area. Then-
concentration levels were generally low, ranging from <0.1 to 0.8 ng/g for atrazine,
and from <0.1 to 0.3 ng/g for simazine and alachlor. The pollution ratios are presented
in Table 2.

Table 2. Pollution ratios of PCBs, DDTs and herbicides in the Thermaikos Bay

Industrial zone
Port
Sewage outfall
Axios river

PCBs
8.62

110.25
30.62
4.25

DDTs
6.07
15.20
7.87
1.4

Atrazine
-

1.00
-

8.00

Herbicides
Simazine

-
-
-

3.00

Alachlor
-

1.00
1.00
3.00

Organic carbon and the metals Pb, Cu, Zn and Cr show a clear influence from
the three "anthropogenic" pollution sources, namely the industrial zone, the port and
the sewage outfall, with pollution ratios ranging from 1.61 to 9.00. On the contrary,
the metals Fe, Ni, Mn and Co show pollution ratios around 1.00 in the three
aforementioned pollution sources and higher pollution ratios in the Axios river,
suggesting their mostly natural origin. PCBs present extremely high pollution ratios at
the stations close to the port (110.25) and the sewage outfall (30.62), indicating that
the anthropogenic activities in the city of Thessaloniki are very important sources for
these pollutants. DDTs also present the higher pollution ratios in the same pollution
sources, while for the herbicides, chemical species being used exclusively for
agricultural purposes, it is clear that the land drainage through the rivers plays the
most important role for their transport in the marine environment.
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The common European asteroid Asterias rubens is a widely distributed and abundant
top-predator species feeding mainly on filter-feeders. It has been shown to efficiently
accumulate metals (Fowler & Teyssie 1996, Temara et al. 1996, 1997). This fact suggests
that it could constitute a valuable bioindicator of metal contamination. However, few
studies have investigated bioaccumulation in A. rubens using realistic metal
concentrations. Here, biokinetics were investigated using radiotracer techniques in order to
study contaminant concentrations representative of those normally encountered in the
marine environment. Seven radiotracers were selected: 54Mn, 57Co, 65Zn, 11OmAg, 109Cd,
134Cs, 24lAm. Bioaccumulation was followed in asteroids exposed for 32d via sea water or
for 48h through the food (mussels Mytilus galloprovincialis previously exposed to the
tracers for 35d). Depuration was followed by maintaining the same exposed asteroid
individuals under non-contaminating conditions for 63 and 70d, respectively.

Except for Cs, A. rubens efficiently bioaccumulated these elements via sea water
(whole-body concentration factor -CF- ranging from 20 to 500). Bioconcentration is body-
compartment dependent: Mn, Co, Zn, Cd and Am were more efficiently concentrated in
the calcified integument (CF up to 1320) whereas Ag and Cs were mainly concentrated in
the non-calcified body compartments (gut, pyloric caeca, and gonads; CF up to 2180).

Loss kinetics varied according to the element: Cs and Ag were almost totally
eliminated after 63d whereas 20 to 60% of the initial activity of Mn, Co, Zn, Cd and Am
remained in the asteroids.

On a metal load basis, the major part (89 to 99%) of Mn, Co, Zn, Cd and Am was
found in the integument while Ag and Cs were homogeneously distributed between
integument and pyloric caeca. Element distribution remained unchanged throughout the
contaminating and depurating periods.

Loss of the elements incorporated through the food (mussels) was more efficient than
when incorporated from sea water; e.g. 90 to 100% of all investigated elements were lost
after a 70d-depuration. Elements snowed a time-dependent body compartment distribution.
Shortly after the feeding, radiotracers were mainly (50 to 78%) found in the pyloric caeca,
while 70d after feeding they were rather homogeneously distributed among all the body
compartments.

Though the food may be a significant contributor to metal contamination in A. rubens,
sea water appears to be the predominant route for metal bioaccumulation. The results show
that A. rubens is an efficicent bioaccumulator that would be able to preserve information
concerning levels of environmental contamination by metals on a time scale of months.
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The relationship between the flux of the atmospheric 137Cs at the surface of the sea and the

concentration in seawater was studied in order to elucidate its fate in the marine environment and to

assess the radiological impacts to the human population. A simplified mathematical model was

introduced to the present study assuming the first order kinetics to apply to the time course of 137Cs

radioactivity concentration in seawater, that is:

f = F(t)-/.C (1)

where C was the time-dependent function of the 137Cs concentration in seawater, F(t) was the flux of 137Cs

to the sea and X was the constant of depletion of 137Cs in the sea. As far as the fallout 137Cs originating

from nuclear test explosions in the past is of concern, it would be difficult to give a specific function to

F(t) in the equation above because of almost complete irregularity both in the time and scale of the events.

When the initial concentration of 137Cs in seawater is given as Co in case of a single release, the solution

of Eq (1) can be given by:

C = q,exp(-A.t) (2)

If the deposition density of 137Cs is observed at intervals of time, x, the concentration in seawater is given

as follows, when 137Cs is supposed to deposit at the very beginning of the period of time, x:

C = d Fj •exp[-A(m-l)x] + --- + d F i • exp[-X(m - i)x] + • • • + d • F ^ • exp(-Xt) + d • Fm

= 2>F i .exp[- / . (m-i)T] (3)

where F, is the deposition density at the i-th interval of a total of m times observations, d is the

conversion factor from the deposition density to concentration in seawater with a dimension of L1 . The

parameters, d and X, relating to the oceanographic properties of the sea are expected to be provided by

means of a regression analysis when the data both on the deposition density of 137Cs and on its

concentration in seawater are given. If a set of data above mentioned are given along with the

approximate values, dt and A., for the parameters, d and X, the exact value of 137Cs concentration in

seawater can be estimated in the following formula as a result of the Taylor's expansion of the Eq (3):

where Cai and C w are the exact value, namely, the observed concentration of 137Cs in seawater and the

concentration obtained by calculation, respectively. Eq(4) can be regarded to be analogous to the

equation expressed in the form, Y=AXj+BX2, and therefore, the second approximate values, d2 and X2

can be derived by an ordinary least square method. The most provable values for the parameters, d and
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X, thus, can be determined when the difference between the results of the repetition of calculation

becomes negligibly small.

When 137Cs is released uniformly to the sea in the same manner as the worldwide fallout, the

infinite time integrated concentration of radioactivity in the seawater can be given as follows:

d x - F
(5)f Cdt = limfd • x • F+ d • x • F • expT-^x) + ••• + d • x• F• exp(-nXx)] = ^ ~

J
o »— l-exp(-Xx)

The dose commitment for the member of the public denoted by E and that for the whole population

denoted by Eg affected by the release of 137Cs to the sea would be provided as follows:

(6)l, CF,jCdt, = ° l Q . CF.jCdt

where 0 is the dose intake conversion factor, CF r is the concentration factor of 137Cs by the species of

marine organism, r, Ir is the consumption rate of the organism, r, by an individual, and Q r is the total

catch quantity of the organism, r, in the region of the sea of concern.

The parameters involved in Eq(3) were numerically derived for three regions of the coastal sea of

Japan by the regression analyses as mentioned above from a series of radioactivity survey data reported

for the past thirty years since 1960. Figure 1 is a schematic expression of an example of the results

obtained. It is anticipated that I37Cs was retained in the coastal sea of Japan with a half-life period

ranging from 5.3 to 6.8 years without a great difference between the Pacific Ocean and the Japan Sea.

The integrated concentrations of 137Cs in seawater were determined as 0.19, 0.17 and 0.12 mBq-a/1,

respectively for the coast of Ibaraki/Fukushima, Niigata and Fukui Prefecture as a result of the deposition

at a unit density (IMBq/km2) at a time. The resultant dose commitment of the respective inhabitants

would be 4.1, 3.7 and 2.6 nSv through the coastal fishery products and that of the population would

correspond to 4.5 x 10'3, 2.4 x 10"3 and 0.9 x 103 man-Sv, respectively.
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Fig.l Course of Time of Deposition of Fallout 137Cs in Ibaraki/Fukushima Prefecture

and Its Concentration in the Coastal Seawater
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OCCURRENCE OF CHLORINATED PESTICIDES IN MUSSELS OF
GUANABARA BAY, RIO DE JANEIRO, BRAZIL
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Pontificia Universidade Catolica do Rio de Janeiro, Department of Chemistry, Rio de
Janeiro, Brazil

Chlorinated pesticides are common pollutants in the aquatic environment in coastal areas
and estuaries [1], [2], [3]. Guanabara Bay is a coastal area of great economical importance
and leisure interest in the Brazilian Southeast Coast. It is surrounded by two cities, Rio de
Janeiro and Niteroi, with a total population of about eleven million inhabitants. The Bay
receives a daily discharge of chemical contaminants introduced with several tons of
domestic, industrial and agricultural treated and non-treated sewage. Part of these
contaminants may be incorporated by the living organisms of this ecosystem and consist of
potential danger to human consumption.
Present work investigates the contamination of some chlorinated pesticides in common
mussels (Perna perna) [4], [5] from the Guanabara Bay. These mussels can be found in
several points near the entrance of the Bay, where they either grow naturally or are
cultivated by fishermen which make their living of this activity. Five collecting areas were
studied and the concentrations of eight pesticides, namely HCB, y-HCH, total DDT, DDD
and DDE, Aldrin, Dieldrin and Endrin were determined. The samples were collected twice
a year, during the dry (August) and rainy (December) seasons of 1996. The mussels were
manually collected, wrapped in aluminium foils previously rinsed with acetone, ethanol and
hexane for pesticide analysis and kept frozen until reach the laboratory. After selection, 10
(ten) mussels of similar size (4-6 cm) composed one sample for each location. The muscle
tissues were separated from the valves and were cold frozen-dried, so the water content
was removed without loss of volatile components. The material was ground and
homogenized and kept ready for the analysis under -10°C. A mussel sample (2g) was
spiked with known amount of tetrachlorometaxilene (TCMX) and was Soxhlet extracted
for 24 hours with pesticide grade hexane purified through Florisil columns. The extract
was concentrated to about 10 mL in a rotary evaporator and cleaned up by vigorous
shaking with 2 mL of concentrated sulfuric acid. Phase separation was achieved after 12
hours in the icebox; the upper hexane layer was removed and passed through an alumina
short column deactivated with 5% water. The solution was eluted with a mixture of
hexane-dichlorometane (90:10) and evaporated under nitrogen flow. From this
concentrated extract an aliquot of 500uL was transferred to the automatic injector vial
where lOOuL-volume of 0. lng.uL"1 solution of trichlorobenzene (TCB) was added as an
internal standard. The recoveries calculated from the added TCMX offered a mean value
of 76%. The extracts were analyzed in a gas chromatograph (Varian Star 3600 CX
Model) using Ni63 electron-capture detection and fused silica DB-5 capillary column (J&W
Scientific) of 50m x 0.25mm ID dimensions and film thickness of 0.25jxm. Splitless mode
injections of luL-volume were used for all samples. Column temperature programming
started from 80°C to 205°C at S^min'1, with an isothermal period of 15min., followed by
a second step program from 205°C to 290°C at 2°C.min~1. The analytical conditions
provided good separation for the pesticides of interest and PCB peaks (Aroclor 1254 and
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1260) eventually present in the samples. The analytical method was applied to a certified
sample for pesticide mussel contamination. The results obtained were kept within the
confidence interval.
The results obtained for all samples are listed below:

collect point

HCB
Lindane
DDE
DDD
DDT
Aldrin
Dieldrin
Endrin

1

0.16
3.23
18.3
2.05
16.9
2.26
2.67
*

Pesticides

2

4.59
2.61
5.20
1.31
6.86
3.42
2.87
*

August
3

0.15
1.93
43.9
6.53
13.6
1.76
14.9
*

Concentrations (ng/g)

4

0.07
4.45
0.60
2.40
6.55
3.83
4.01
9.91

5

0.64
5.89
13.6
19.5
5.53
7.29
5.08
12.3

1

0.001
0.822
4.91
0.63
3.30
0.57
2.66
*

2
December

3

0.0002 1.66
0.81
3.53
0.91
2.40
1.34
1.50
2.35

0.89
9.89
0.28
0.34
0.63
2.47
*

5

0.90
1.02
21.7
5.80
4.19
1.07
0.54
1.49

* = not determined

Bar graphs with contamination distribution according to the collection points and type of
pesticide are also presented.
The results showed that the mussels Perna perna from Guanabara Bay are contaminated by
chlorinated pesticides; however the contamination decreases drastically in the rainy season.
A location where natural population of mussels is used for regular consumption was
considered the less polluted one.
DDT's were the contaminants present in larger amounts and among them the DDE
predominated. The smaller concentrations were found for HCB.
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The North Cyprus Experience of Marine Pollution:
A Case Study

Mchmcl Ali Yukselen
Marmara University, Environmental P.ngineering Department
Clo.ttepe, 81040
Istanbul, Turkey
Phone:+ 90 216 348 1369
Fax +90 216 348 0293

The Gemilconagi Copper Mining and Smelting Facility is located near the
Mediterranean Sea shore in Northern Cyprus. The facility was operated until 1974
and, since then, has been idle with piles of tailing deposits exposed to the
environment, resulting in pollution of surrounding soils and sea. In addition to these
Lulling piles, there are a number of large ponds containing tailing deposits without any
containment liners. A brook passing adjacent to the facility, and storm water runoff
have been directly discharging into the marine environment without any treatment,
causing substantial discolouration even after light showers.

To determine the extent of the pollution and to find effective remediation actions,
seawater samples collected from Gemikonagi , Northern Cyprus, at different limes of
the year were analysed for heavy metal content.

Sample showing the extent of metal pollution at the site

Elements

Fe
Cu
Co
Mn
Zii
Ca
Ni
Cr

Regular Concentrations
(mg/L)

.05

.02

.05

.02

.05
400
.05
.02 '

Concentrations after
Shower (mg/L)

70
1.12
0.81
0.17
0.13
451.5
2.05
0.5

The results relieved that metal concentrations reach high values treating the aquatic
life.
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CONCENTRATION OF RADIONUCLIDES IN BENTHIC ALGAE OF ST. MARTIN'S

ISLAND, BANGLADESH.

Mohammad Zafar, M.N.Alam *, M.I.Chy * and SA. Uddin

Institute of Marine Sciences, University of Chittagong, Bangladesh,

* Radioactivity Testing Laboratory, Atomic Energy Commission, Bangladesh.

Study on the radioactivity of benthic marine algae of the Saint Martin"s Island was

carred out. In total 11 species of benthic algae Gracilaria sp., Dictyota ciliolata, D.

dichotoma, Dictyopteris austrailis, Sargassam ilicofolium, S. filipendula, S. tenerimum,

Padina tenuis, Hydroclathras clathras, Hypnea spp. Crysymenia sp. were analysed the

radioactive concentration with using the HPGe detector. Higher concentration of 23^U was

present in Padina tenuis (17.32±7.16 Bq.Kg"1). Largest amount of ^ T h and 2 2 8Th

was found in Sargassum tenerimum (49.46± 8.34 Bq. Kg~l) and Hydroclathras clathras

(44.21±3.70 Bq.Kg~l) respectively. ^^Cs was totally absent in studied marine algae. The

highest value of 4°K was recorded in Padinatenuis (528.10±37.19 Bq.Kg-1). This report

recordes the benthic algae at radiation level for the first time in Bangladesh.

Seaweeds were collected from exposed rock surfaces of the Saint Martin's Island

during the lowest low tide. Collected algae were washed with clean sea water and later

rinsed in de-ionised double distilled water.Excess water from wet algae removed with

tissue paper. Then algae were driedin oven at 80 C for 24 hours. The dried algae was

broken by hand into small pieces and then ground to a fine powder in a porcelain cup.The

powder was stored in a plastic container and weighted. The identification for algae were

consulted with the findings of Islam (1976), Trono (1988), Vashishta (1991) and Zafar

(1992).
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MODELLING OF NEARSHORE TRANSPORT OF RADIONUCLIDES AND
SEDIMENTS UNDER JOINT ACTION OF WAVES AND CURRENTS

V.Giginyak, T.Shepeleva, M.Zheleznyak

Institute of Mathematical Machines&System Problems, a
National Academy of Sciences of Ukraine, Kiev, Ukraine

The two-dimensional model COASTOX-W was developed to simulate in fine
resolution pollutants distribution in the nearshore zone, taking into account joint influence of
waves and currents on the pollutant transport and pollutant distribution in the system "water-
suspended sediment - bottom deposition".

The simulation of the surface wave field in the nearshore areas where waves are
propagated under the joint influence of refraction and diffraction above bottom inhomogenities
and reflection from the jetties and other port constructions needs a lot of computational
efforts.

The computer code RDRCOAST was developed for the surface wave simulation in
large nearshore areas with spatial scale up to tenth of kilometers. The code is based on the
hyperbolic system (a pair of first-order equations) that could be derived from the elliptic
"mild-slope" equation, as it was used by [1]. The finite-difference method is used to solve the
set of the equations. The calculation procedure takes into account the influence of the wave
breaking and bottom friction on wave field transformation. As it known, for the hyperbolic
system there are the advantages of reduced computing time compared with the solution of a
boundary value problem for the elliptic "mild-slope" equation on the same computational grid.
The RDRCOAST code was developed in versions for MS WINDOWS and UNIX
environment. The model validation have been done on the base of experimental laboratory
data for the wave refraction-diffraction above the bottom shoal and wave diffraction on jetties.

The COASTOX hydrodynamics sub-model uses the depth averaged Navier Stokes
equations to calculate the velocity field in coastal areas under the joint influence of wind,
waves and bottom friction. The radiation stress terms describing influence of the nearshore
wave transformation and breaking on nearshore currents are included in the equations of the
water movement. The 2-D depth averaged advection -diffusion equations with sedimentation-
erosion terms are used to describe transport of suspended sediments. The rate of
sedimentation and resuspension is described as a function of the difference between the actual
and the equilibrium concentration of suspended matter. Last one - the transport capacity of the
flow is calculated on the basis of the semi-empirical formulas [2,3].

The wave transformation - nearshore currents - sediment transport model was
implemented in several case studies for Black Sea coast and Pacific coastal areas of United
States - Grays Harbor, Shilshole Marina. The presentation give the comparison of numerical
results with some measured data that demonstrates that the model could be use as an efficient
tool for analyses of wave field transformation and sediment transport processes in complicated
coastal areas where wave field is under combined impact of the wave refraction -diffraction on
shoaling bottom, wave diffraction and reflection on harbor jetties and wave refraction -
diffraction on navigation channels.

The radionuclide transport submodel includes 2-D advection -diffusion equations of
radionuclide transport in solute and in suspended sediments, as also ordinary differential
equation of radionuclide dynamics in the top layer of the bottom deposition [4,5]. For
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describing of the adsorption/desorption and diffusion contamination transfer in the systems
"solution - suspended sediments" and "solution - bottom deposition" the Kd approach has been
used. For a more realistic simulation of the kinetics of the processes the exchange rates
between solution and particles was taken into account. The adsorption and desorption rates
assumes to be not equal. The finite-difference methods are used to solve the model's
equations. The important specific of COASTOX is a possibility to calculate non-reversible
adsorption processes..

The presentation describes the results of COASTOX validation for Kiev Reservoir,
Dnieper River and Kralova Reservoir, Slovakia. The model was used to simulate Chernobyl
radionuclides fate in the coastal areas of the Black Sea. The numerical experiments with the
model have been carried out for the marine coastal zone near Ochakov at the outlet of the
Dnieper-Bug Estuary. The obtained results demonstrate that COASTOX model could simulate
radionuclides distribution in the system "water - suspended sediments- bottom deposition"
under the joint influence of sedimentation- erosion and adsorption-desorption processes driven
by waves and currents. For ^Sr due to relatively low distribution coefficient value the only
small amount of transported radionuclides are deposited in bottom deposition.

A potential ^ ^ C s contamination of the nearshore and beach areas was studied for the
Kara Sea as a result of the simulated release of radioactivity from the reactors scuttled in the
sea. The study was provided in the frame of the CEC contract to provide a basis for the for
assessment of doses to critical groups. The population at the coasts could be affected by the
contaminated sediments from the nearshore places of the deposition of the contaminated
sediments. The surface density of radionuclides at such places, created due to the specific of
the coastal hydrodynamics processes, could be significantly higher than average density off-
shore due. To evaluate possible variability of the magnitude of contamination in the nearshore
area two-dimensional code COASTOX have been used. It is presented the results of the case
study for the western shore of Yamal Peninsula at the estuary of the Mordyiakha River where
as it was supposed new town would be established.

The studies were done within IAEA CRP "The application of tracer techniques in the
study of processes and pollution in the Black Sea", Research Contract N 7334 /R2 , CEC
Study Contract B7-6340/95/000879/MAR/C.3, "The Radiological Consequences of Nuclear
Reactors Scuttled in the Kara Sea" and the contracts with the Pacific International Engineering,
Seattle, WA.
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An Improved Method'for the Determination of Pu in the Marin Samples

Shuzhong Zhu
China Institute of Nuclear Industry Economics
Dating Yang
China Institute of Atomic Energy

Very common analysis methods for the Pu is ion exchange or extraction followed
by electrode position and a-spectrometry as description in Guidebook of MEF.C1>

Although electrode position is very complicated but it can get very thin source
for measurement.
The grid ionization chamber can be used as a -spectrometer,it has some advantages

such as low background, large surface and high efficiency. Liu Yulian<2>

constructed a parallel grid ionization chamber which has the advantage of simple
structure and easy operation, the main properties are shown in Table 1.
If the organic phase, which contains the Pu, can be converted into a large source
suitable for measurement in the parallel grid ionization chamber, this method

is very simple and quick for the aim of environment analysis.
Tri-n-octylphosphine oxide (TOPO) is a strong extractant for Pu(\\!) in wide range

of HNO3 cocentration. By using one or two extraction, Pu([\!) can be extracted
completely. Toluene is used as a solvent for TOPO, because it is easy to evaporate
when it is heated. So the organic source can be prepared very thin to avoid
self-absorption.

The procedure recommended is followed<s>, weigh lOg dried sample in a beaker, add
50ml, 20ml, 20ml SM HNOa respectively, to leach the Pu at gentle boiling condition
for lh.

Separate solution and residue by centrifugation, 'wash with 10ml H30, combine all
solution and filter it, evaporate to 50ml.

Add 0.5ml 1M Fe(HN3SOS)2 solution and 1ml 2M NaNO2 and boil for 5 min to convert

all Pu to Pu(\M) and transfer the liquid into a separatory funnel.
Extract with 10ml O.OlMTOPO-toluene twice. Combine the organic phases and wash
with 8M HNO3 twice and once with 10ml H 30, reject the aqueous phase.
Clean the alumimium plate (140mm in diameter, 3mm thik) with alcohol cotten and put

it on the electric furnace, heat the plate to 200'C and drop the organic phase
onto it slowly.

When all the solvent has evaporated, rise the temperature of the plate
to 400 JC to decompose TOPO.
After cooling to the room temperature, take the measuring plate onto a holder and

put it into the parallel grid ionization chamber for the a-spectrometric measurement.
According to the chemical recovery to calculate the activity of the Pu.The detection

limit of the procedure is 4X10~2 Bg • Kg'1.
We use this method to analyse the marin sample from IAEA. The results are given in
Table 2 and a-spectum of reference sample IAEA 368 is shown in Fig 1.
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Table 1 The a -spectrometer properties of the parallel gridionization chamber

Property Numerical value condition

Energy resolution 36 Keu 10mm electroplated Pu239 source
Background 2X1O~S s~J 4-6 Mev
Efficiency 50% rji 140mm source
Detection limit 4X10~- Bg • Kg'1 t=10h
Linearity of energy non linearity<—0.5% for 4.01,5.16,5.49,5.80 Mev
Stability peak movement <-0.3% t=30h

Table 2 Analysis of reference materials of IAEA

Sample ass~s*opu Bq . Kg-J ***Pu Bq • Kg'1

measured standard measured standard

IAEA368 29.6-0.4 31(29-34) 7.5-0.1 8.5(7.6-8.9)
IAEA 307 0.67 ±0.04 0.72(0.66-0.79)
IAEA 308 0.47-0.02 0.50(0.46-0.52)
IAEA 134 14.3-0.2 15(13.8-16.2) 2.9 = 0.1 3.1(3-3.4)
IAEA 135 208-3 213(205-225.8) 42.5-0.3 43(41.6-45)

"0 200 400 600 800 1000
Channel number •

Fig. 1. Spectrum of Pu isolated from reference sample IAEA 368; counting time: 6 h; 8.64 keV per channel.
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CHANGES IN MARINE FISH COMMUNITY UNDER INFLUENCE OF
LENINGRAD NUCLEAR POWER PLANT AND ANOTHER HUMAN
ACTIVITIES IN THE WATERSHED OF KOPORSKAYA BAY (GULF OF
FINLAND, BALTIC SEA).

V. L. ZIMIN
Emergency Response Centre «RI», V.G. Khlopin Radium Institute,
St-Petersburg, Russia

The long-time observations (1978-1997) in the Leningrad nuclear power plant cooling
water-body (Koporskaya Bay) in the frame of the Regional Ecological Monitoring
Program provided reliable data on the local fish community state.
Structural changes in fish community
Regular observations allow us to trace structural changes in fish community, because '
they follow changes on physiological and population levels in this community.
45 species of fishes and lamprey were recorded during all investigation period.
However, the species diversity is very poor. Wittaldaminance-diversity curves
(fig.l) reflect degradation in the coastal fish community being under influence of the
complex industrial and agricultural factors.
The fish community is now dominated by only 2-3 species, especially threespined
stickleback and ninespined stickleback; while the first species more abundant then the
second one as far as "10 times.
Using a number of the most frequent species in our samples (frequency > 50%),
known as acommunity nucleusas an indicator of natural condition of the water-
body, we recognized following: in 1980 the nucleus was formed by 9 species, in 1981-
1985 - 7-8 species, in 1986 - yet 6 species, in 1989-1995 - only 4-5 species, but in
1996-1997 the number dropped to 2-3 species. Thus, the trend is not very optimistic.
One of the most objective information indices - Shannon-Weaver index - reflects
fluctuations in the fish community of Koporskaya Bay in 1981-1997 (fig.2).

Fish impingement at the water-intake facilities of LNPP.

The fish losses caused by the cooling system of NPP are significant. Most part of
intrained fish is presented by young-of-year small fishes and older but weak and
damaged fishes. Thus, young-of-year, 1-year old and 2-year old baltic herrings
composed 98% in all number of this species in samples. There are no any fish
protecting facilities at two NPP water-input canals. The fish removing system at the
pump station is very imperfect, so most part of fishes perished there. That is why fish
losses in the NPP water-intake facilitiosre comparable with commercial fish catches
in the bay. Thus, NPP water-intakes promote structural changes and prevalence of
fish species of low commercial value in the community.
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The fate of Nitrates and Phosphates in Akrotiri Bay,
Cyprus Basin (Eastern Mediterranean Levantine Basin)

Zodiatis G., A. Demetropoulos, L. Loizides and M. Hadjichristoforou

Laboratories: Physical Oceanography, Marine Pollution, Marine Biology & Ecology,
Department of Fisheries, Aeolou 13, 1416 Nicosia, Cyprus.

The pathways and the levels of the concentrations of nutrients resulting from
the discharge of treated effluents from the Limassol Seawage Treatment
Plant (SALA) and from marine fish farms in Akrotiri Bay were studied through
numerical simulations of the dispersion of phosphates and nitrates. The use
of a dispersion model made it possible to evaluate different courses of action
regarding both, the protection of the marine ecosystem and the development
of marine fish farm activities. Akrotiri Bay is a semi-open coastal sea area in
the Eastern Mediterranean Levantine Basin bounded to the North and West
from the south coastline of Cyprus. Nutrients inputs from the discharges of
SALA result in the elevation of the background levels of nutrients and in
particular those of phosphates.
The flow in the Cyprus Basin and wind forces are capable of influencing the
circulation in Akrotiri Bay. The northern periphery of the mid-Mediterranean
jet and the western extension of the Cyprus Basin Cyclonic Eddy contribute to
the formation of a local eastward flow in spring and autumn (1996) [1]. The
Lagrangian current meter measurements in the coastal zone of interest
confirm a marked seasonal flow variability, eastward during winter and spring
and westward during summer and autumn [2].
In order to investigate the possible long distance transport and the dispersion
of nutrients in Akrotiri Bay, 2D and 3D flow and dispersion models [3] for
conservative polluntants in a homogeneous water column was applied (the
upper mixed layer reaches down to 30-40 m depth-much deeper than the
depth where most of the fish farm units are located).
In accordance with the dominant wind field, the westerly and easterly sector
winds are used to force the flow model. The westerly sector winds generate in
the bay an eastward current flowing along the coastline and a small scale
cyclonic vortex near the western coastline. A reversal of the currents was
simulated in the case of easterly sector winds. Both cases are in agreement
with the observed current measurement [4].
Several numerical experiments have been performed to simulate the
pathways of conservative pollutants for nitrate and posphate loads from
SALA and those due to existing and planned marine fish farms in the bay.
The dispersion models used to simulate the conservative pollutant
concentrations. Nitrates are utilized by phytoplankton which extrudes part of
the assimilated nitrogen because of respiration and mortality rate, creating
detritus, which is remineralized in nitrates. The aggregated formulation is
conservative under the simplifying hypothesis that the non conservative
processes of the nitrogen cycle are in dynamic balance [5].
The existing nutrient loading of the marine environment in Akrotiri Bay is 22
tonnes of Nitrogen and 4.4 tonnes of Phosphorous per year. The model
simulations for dissolved nitrogen and phosphorous indicate that the SALA

696



sea outfall and the marine aquaculture production increase these nutrients
by 0.14 mmolN M-3 and 0.04 mmolP M-3. The present nutrient loading in the
area, based on in-situ measurements, results in 100% and 15-30% increases
of the winter background levels of phosphate, at a distance of 4 and 10 km
from the SALA outfall respectively [6]. The % increase of phosphate
concentrations during spring and summer periods are much higher as the
background levels are practically zero.
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Westward simulated dispersion of posphates
in Akrotiri Bay from existing sources
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The Impact of Water Diversion on Sustainable Development in
Marine Ecosystems

Michael A. Rozengurt' and Michael A. Champ 2

Natural (unimpaired) annual variations in riverine discharges to coastal seas occur
historically over spatial and temporal scales and vary in a range of less than 25 percent. The
purpose of this paper is to delineate natural variations in flows and compare them to the variations
induced by mankind alterations (water diversion) in large rivers in the Northern hemisphere (U.S.,
Europe and Russia).

The result of annual diversions is accumulative and can be determined for the past 60+
years. These marine ecosystem water losses (water withdrawl super imposed on natural) greatly
impacts sustainable development in coastal marine ecosystems when they exceed 25 to 30%. This
deficit in freshwater water flow, energy, and elements to coastal seas has increased entropy
(buildup of rapidly cycled organic carbon) and has distorted ecological continuality of major
fisheries. Results are presented for California and other regions of the world.

County Sanitation Districts of Orange County
10844 Ellis Auanue, Fountain Valley, California 92728-3127.

Texas ft&M University, Texas Engineering Experiment Station, P.O. Box
2439, falls Church, Virginia 220-12-3439.
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DISTRIBUTION OF Cs-137 AND Pu-239+240 IN MARINE SEDIMENTS FROM BRAZILIAN SOUTHERN COAST

R.C.L.FIGUEIRA and I.I.L.CUNHA
Instituto de Pesquisas Energ&icas e Nucleares, Radiochemistry Supervision, C.P.I 1049, Pinheiros, Sa"o Paulo, Brazil

V.V.FURTADO
Instituto Oceanografico da Universidade de S2o Paulo, Geology Department, Sa"o Paulo, Brazil

This paper reports the results obtained in the analysis of Cs-137 and Pu-239+240 in marine sediments as well as
mean deposition historic of these radionuclides in the marine environment. Cs-137 and Pu-239+240 measurements were
performed in marine sediments in order to estimate the deposition of these jadionuclides, at 1976 to 1986, and to compare
these measured values with those expected from global fallout. Samples were collected at the water-sediment boundary at
several characteristic depths, from 15 to 180 m by the Oceanographic Institute (Sa~o Paulo University).

For Cs-137 analysis, samples were counted in a low background Ge detector (60% efficiency), using
methodologies already implemented [1].

Pu-239+240 analysis consisted of sediment lixiviation (8 M nitric acid in the presence of plutonium tracer), ferric
hydroxide coprecipitation, dissolution in 8 M nitric acid and addition of sodum nitrite, precipitation by using anionic
exchange columns (Bio-Rad AG-1X8, 100-200 mesh, 8 M nitric acid medium), electrodeposition and counting by alpha
spectrometry [2].

Table 1 shows the levels of Cs-137, Pu-239+240 and the ratios Pu-239+240/Cs-137 in the samples analyzed.
Cs-137 levels ranged from 0.40 to 2.25 Bq.kg"1 and for Pu-239+240 varied from 4 to 227 mBq.kg1. The ratios ranged
between 0.005 to 0.338 showing that the radionuclide deposition is related to the mobility of cesium and plutonium inside
the sediment as well as its mineralogical composition. The minimum and maximum ratio values were found for sediments
with the following characteristics, respectively: particle medium diameter (6.23 and 0.96 ^m); sand (22.4 % and 99.4 %);
silt (43% and 0.6 %); clay (35% and 0%) and carbonate (87% and 3%).

Table 1: Levels of Cs-137 and Pu-239+240 in sediments.

Sample

1862
1865
1878
1879
1885
1809
1812
1815
1825
1831
1832
1834
1835
1839
1842
1852

1001M
1006M
1021M
1025M
1042M
1047M
4876
4879
4883

Year

1976
1976
1976
1976
1976
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1984
1984
1984
1984
1984
1984
1986
1986
1986

Depth
(m)
73
65
55
34
79
166
111
159
51
169
180
123
59
70
159
160
45
20
35
15
45
15
14
41
82

Latitude

24°51.0"
24°32.0'
24°13.O'
24°04.0'
24°33.0'
25°09.2'
2510.0'
25°37.0'
25°00.0>

25°50.0'
25°50.0'
25°32.0'
25"08.01

25°47.0'
26°14.0'
24°25.0'
25o51,0"
25°37.7'
25°19.2'
25°06.0'
24°56.0'
24°25.5'
23°37.4'
23°50.2'
24°06.4'

Longitude

45°52.O'
45°58.0"
45°40.0'
45°44.0'
45°18.0'
44°56.0'
45°24.0'
45°13.O'
46°36.0'
45°32.0'
45°53.0'
46°20.0"
46°48.0'
47°09.0'
46°32.0'
44°28.0'
47°49.8'
48°07.3'
47°29.0'
47°50.71

46"59.0'
47°19.6'
45°17.7'
45°09.5'
44°56.9'

Pu-239+240
(mBq.kg1)

90 ±8
8 ±2
56 ±5
40 ±5
52 ±3

117 ± 10
ND

133 ±10
62 ±5
22 ±3

ND
76 ±7

ND
28 ±5
37 ±3
4 ± 2
62 ±3

138 ±10
37 ±3
34 ±2

135 ±11
46 ±3
38 ± 4

227 ± 18
108 ±9

Cs-137
(Bq.kg1)

2.03 ±0.13
1.18 ±0.08
1.09 ±0.10
1.35 ±0.13
0.86 ±0.08
1.42 ±0.19
1.54 ±0.12
1.70 ±0.20
1.47 ±0.07
0.68 ±0.12
0.87 ±0.12
2.25 ±0.20
1.15 ±0.12
1.21 ±0.07
0.40 ±0.20
0.74 ±0.15
1.47 ± 0.07
0.50 ±0.05
1.07 ±0.09
0.88 ±0.09
0.40 ±0.13
1.34 ±0.04
1.74 ±0.06
1.84 ±0.08
1.00 ±0.10

Ratio
Pu-239+240/Cs-137

0.044
0.007
0.051
0.030
0.060
0.082
ND

0.078
0.042
0.032
ND

0.034
ND

0.023
0.092
0.005
0.042
0.276
0.034
0.039
0.338
0.034
0.022
0.123
0.108

ND - not determined

Based on the experimental radioactivity values obtained for Cs-137 and Pu-239+240, the mean deposition of
these radionuclides in sediments, in different years of sampling, were calculated by taking into account the concentration
of radionuclide at slide 1, dry weight and section of slide 1 [3]. Results are shown in Figure 1.
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FIG.l: Mean deposition of Cs-137 and Pu-239+240 in sediments at different depths. All data were corrected for physical
decay to 1997.

The mean deposition for Cs-137 varied from 2.3 to 17 Bq.nV2 while for Pu-239+240 ranged from 0.03 to
2 Bq.m'2. Both radionuclides present the same tendency of decreasing deposit values as the water depth increases. Figure 2
presents the mean deposits to different years of sampling. This study is going on, and samples collected in 1993 and 1997
are now being analyzed as well as the mineralogical composition of sediments.

( ) number of samples analysed

FIG.2: Pu-239+240 and Cs-137 mean deposits in sediments.

Data here reported represent reference values to our country and are very important because experimental values
of artificial radioactivity deposition are very sparce, specially to the South Atlantic. Data were compared with the
expected inventory values from fallout to Southern Hemisphere, published at literature [3,4]. The brazilian southern coast
seems to contain less artificial radioactivity than expected.
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Dept. of Marine Geology & Geophysics, Cochin University of Sci. & Tech., Cochin 682016 INDIA

Continental shelf of south west coast of India has attained a characteristic nature
by its proximity with 41 rivers and 30 backwaters. Tremendous amount of chemical
constituents are added to this shelf region both in solid and dissolved form. The
Vemband backwaters, which is the third largest in India is one among the 30
backwaters. Seven major rivers are debouched into this backwater.

The study area, innershelf region off Vembanad backwaters, is selected to
understand the anthrapogenic influence on the chemical composition of sediments. A
total of 10 cores were studied, out of which 6 are from innershelf and 4 are from
estuarine region of Vembanad backwaters. The cores collected with Phleger corer is
sectioned from surface to 2 cm, 2 to 5 cm, 5 to 25 cm with every 5 cm interval and
thereon at 10 cm interval. The sediment samples were dried, powdered, and digested
with HF-HNO3-HC1O4 acid mixture and analysed with AAS. Heavy metals such as
Fe, Mn, Cu, Co, Cr, Ni, Zn, Cd, Pb and sr are determined in the cores to elucidate
their vertical variation in sediment column. Heavy metal accumulation is considerably
high in estuarine cores especially in the cores from northern part of the estuary , where
high amount of industrial effluents are disharged from nearby industrial belt situated on
the bank of Periyar river.

The vertical distribution of metals in four sediment cores, two from estuarine
and two from marine regions were depicted in the Fig. 1. All the metals except Sr shows
enrichment towards top and in the case of content of Sr, it increase with depth in most
of the cores. Most of the metals show two to three fold enrichment at the top of the
cores compared to their content at the bottom. The average concentration of all the
metals shows high value compared to other regions in this shelf and others. The wide
variations of the metals within sediments are attributed to metal pollution from various
sources and more particularly from industries. A Table showing the quantity of
industrial effluents and its content of various heavy metals are given. Several pockets of
high concentration of metals are also observed indicating point sources (1). All the trace
metals generally follow the same pattern shown by Fe and Mn, the reason for which is
also discussed in this paper.
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MARINE POLLUTION IN ALEXANDRIA HARBOUR, EGYPT
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Oceanography Department, Faculty of Science, University of Alexandria,
Alexandria, Egypt.

Alexandria Western harbour is the largest commercial harbour in
Egypt. It serves about 70% of the Egyptian foreign trade. The current
activities taking place in the harbour are handling, transportation and
storage of goods of different types. Wastes enter the harbour
environment from the harbour routine activities, sunken vessels,
agricultural drains and canals, untreated sewage outfalls, industrial
effluents, ships cleaning and discharges and the improper handling of
solid wastes from ships.

The present study focuses on: I. identifying land-based sources of
pollution which need control; ii. creating a set of results for the various
environmental parameters and iii. describing the current status of marine
pollution in the harbour.

Sea water and bottom sediments were collected during two cruises
(July 1996 and March 1997) from 19 sampling stations distributed to
cover the whole harbour. Samples were analyzed for their contents of
salinity, dissolved oxygen, hydrogen sulphide, nutients, oil and grease
and selected heavy metals according to the reference methods.

No benthic life was found in the Western harbour. This can be
attributed to the deficiency of dissolved oxygen in the bottom water and
the appearance of hydrogen sulphide at most of the sampling sites. The
sea water transparency in the harbour was very poor. The sea bed is
anoxic grey or black mud mixed with sand and covered with sewage
residues and garbage of different types and sizes.

The water column in the Western harbour appeared to have two layers
with different characteristics: I. a surface layer (more than 85% of the
column) with salinity ranging from 24.2 % to 39.9 %, low dissolved
oxygen saturation values with complete absence at 4 stations, pH ranging
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from 6.8 to 9.1, high phosphate, nitrate, suspended solids and oil and
grease contents; and ii. a bottom layer with complete absence of
dissolved oxygen and appearance of hydrogen sulphide with a wide
range of concentrations.

The determined concentrations of the studied metals in the harbour
water were very high in comparison to those in Alexandria coastal waters
[1]. They are also, much higher than the background levels for the
Mediterranean coastal areas. Therefore, heavy metals in the Western
harbour waters present a severe pollution problem.

The determined concentrations of heavy metals in the bottom
sediments of the Western harbour are considerably higher than those
reported before for the same area and much higher than the
corresponding background levels for the Mediterranean sediments [2- 3].
This may suggest a case of a continuous and severe pollution in the
Western harbour.

REFERENCES

[1 ] El-Deek, M.S. Urea, phenol, detergent and salinity in the water of the
Western harbour, Alexandria - Egypt. Bulletin of High Institute of
Public Health, University of Alexandria, 28 (4), pp. 945-56, (1994).

[2] El-Sayed, MK., El-Wakeel, S.K. and Rifaat, A.E. Factor analysis of
sediments in the Alexandria Western harbour, Egypt. Oceanologia
Acta, 11(1), pp. 1-11,(1988).

[3] Whitehead, N.E., Oregioni, B. and Fukai, R. Background levels of
trace metals in die Mediterranean sediments. VJfs Journees Etud.
Pollutions, Lucerne, C.I.E.S.M., pp. 233-45, (1984).

704



IAEA-SM-354/253P XA9951499

PRESENT STATE OF THE BLACK SEA ENVIRONMENT

G. ABRAMIA
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International Context

The process of Eutrophication in the Black Sea is mainly resulting. From nutrient
surpluses in agriculture, is one of major problems, as in some parts of many European
seas. Nutrient concentration has not been changed until 1990s. The increase of
nitrogen and concentration arising in result in seawater on some of western coasts of
Europe should have been caused by high precipitation and flooding between 1995 and
1996.

Catches of the Black Sea fish increased until 1985-86, after which a sharp decline
occurred. On the northwest shelf, the anchovy catch declined at least tenfold and
anchovy fishing ceased entirely in the Sea of Azov after 1989. This collapse in
fisheries connected with over-fishing- the fleet having increased from 1 800 vessels in
1976 to 4000 vessels in 1995 (GEF/BSEP, 1997)-and with falling water quality.
Stocks of most small pelagic fish, including anchovy, have partially recovered since
the early 1990s (GEF/BSEP, 1997).

In the Black sea region Annual discharges of the Danube alone were estimated to be
230 000 tones total nitrogen and 40 000 tones phosphate (GEF/BSEP, 1997). The total
annual discharges for nitrogen and phosphorus from all the countries surrounding the
Black sea region is less than half of the total discharges from international rivers
(Danube, Dniepr, Dniestr, Coruh, Don). "However, concentrations of nutrients in the
Black sea, mainly originated from Danube watershed, increased about tenfold
between 1960 and 1992."
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The nuclear installation at Mayak was built in 1948 and was the first installation in the
former Soviet Union to produce plutonium for use in nuclear weapons. Lack of technology
and methods of treating large amount of radioactive waste led to releases of radionuclides
directly into the open river system in the early years resulting in severe increase in radiation
doses to the inhabitants along the river. To prevent further contamination of the river system a
small natural pond (Lake Karachay) was used as repository in 1951 and two dams were built
in the upper parts of the Techa River in 1956 and 1963. Two of the most serious accidents
with nuclear material have occurred in Mayak. A waste tank exploded in 1957 resulting in
severe contamination of radioactive material. A total of 20 villages and more than 10,000
people were evacuated. In April 1967 Lake Karachay sediments were transported by the wind
covering a distance up to 50-70 kilometres from Mayak.

The accumulated radioactive contamination at different locations in the vicinity of Mayak is
listed in Table 1. The data presents levels of contamination from the long-lived radionuclides
cesium-137 and strontium-90.

Table 1: Estimated 1998 activity levels in the environment at Mayak.
Localisation
Lake Karachay
Reservoir 17
EURT, Kyshtym-accident in 1957
Areas contaminated by the Karachay-accident in
1967
Reservoir No. 2,3,4,10,11
Asanov Swamp

Cs-137 + Sr-90 (PBq)
3900
66

0.72
0.006

9.2
0.22

PRESENT CONTAMINATION OF STRONTIUM-90 TO THE TECHA RIVER
Studies of mobility of radionuclides in environmental samples at Mayak show that strontium-
90 is the most mobile of the relevant radionuclides and hence can be transported by river
water. Cesium-137, although less mobile, can also be transported over large distances. The
main source of river contamination today is the remobilisation of strontium-90 from the
boggy area at the upper reaches of Techa River (Asanov Swamp). Regular Russian
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monitoring programmes show that activity levels of strontium-90 leaving the swamp are three
times higher than the activity entering the swamp. The net outflow from the Swamp is now
estimated to 2-3% of the 37 TBq of 90Sr located in the swamp, 1992 levels [1].

The strontium-90 entering the Asanov Swamp mainly originates from leakage of
contaminated water from Reservoirs 10 and 11 into the bypass channels. Some activity also
enters the upper Techa River through the bed of dam 11, however this source do contribute
minor to the total flux of 90Sr. The contaminated groundwater in the vicinity of Lake Karachay
has not yet resulted in increased levels in the nearby River Mishelyak which forms the upper
part of the right bank channel.

Activity levels in groundwater collected from boreholes 3-4 km south of Lake Karachay
showed large levels of 90Sr and 60Co with a maximum of 8800 Bq/1 and 4200 Bq/1,
respectively [1]. The maximum concentration of 90Sr in water was in the order of 0.01 % of
the concentration in Lake Karachay. Cesium-137 were only found in low concentrations
(maximum in the order of 10"6 % of the concentration in Lake Karachay) indicating that this
radionuclide is much less mobile than strontium and cobalt. The contamination of the
groundwater has increased significantly in the last decades [2]. Studies shows that effective
remediation actions to reduce the water infiltration from Lake Karachay must be initiated
within a maximum time period of 30-50 years.

FUTURE CONTAMINATION OF TECHA RIVER
Due to the amount of radioactive waste accumulated, Lake Karachay represents the largest
potential for contamination of the river system. This may occur as a result of infiltration from
contaminated groundwater, but also through surface runoff. Surface runoff may occur if
contaminated water is spread due to natural catastrophes like thunderstorms or earth quake.
However, such scenario will also be followed by severe local contamination. A future
scenario may also be spreading of contaminated sediments from Lake Karachay similar to the
1967 accident..

The water level in Reservoir 11 has increased steadily the last two decades resulting in
concern for contaminated water leaving the top of the dam. An even more severe accident
occurs if the dam itself should break e.g. as a consequence of terrorist attack or earth quakes.

Increased resuspension of radionuclides, especially strontium-90, may occur from the
Asanov Swamp during periods of flooding. Studies of binding properties of strontium-90 in
water logged soils in the swamp showed that about 5% could be easily extracted with water
and about 60% was extracted by NH4Ac [1]. Hence, a large amount of strontium-90 present
in the water logged soils may easily be transported with river water.

Accidents at technological storage tanks for liquid radioactive waste may lead to releases
of radionuclides to the air. Such scenario may lead to sever contamination of the affected area.
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Sediment samples were collected in or near the mouth of 17-23 rivers draining into
the Manila Bay and analyzed for organochlorine residues.

DDE (0.34-8.86 ng/g), DDT (0.53-0.83 ng/g), dieldrin (0.36-1.40 ng/g), aldrin
(1.2 ng/g) and lindane (1.3 ng/g) were detected in decreasing order of frequency during
the end of the rainy season on December 1996 Only DDE (0.1-0 4 ng/g) was detected in
the start of the rainy season (June 1997) in 9 out of 22 rivers sampled. Aldrin (0.6-11 3
ng/g), HCB (0.5-2.2 ng/g), DDE (1.5-18.4 ng/g), DDD (4.4-14.4 ng/g), DDT (2.3-2.7
ng/g), lindane (0 5-6.4 ng/g) and dicldrin (0 2-0.5 ng/g) were detected in decreasing order
during the middle of the rainy season (September 1997). The 1998 dry season and start of
wet season data will also be discussed.
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Experiments were carried out in the period may-July 1937. Three
gastropods and one decapod were selected. Individuals of Ollvslla
se/nistriata (Gray) and Agaronia testacea (Lamarck) were collected
from the intertidal zone of Costa del Sol beach (13" 20' N, 89°
00' W) . Nerica funiculata (Menke) samples were taken from
intercidal rocks of El Zonte (13° 30' N, 89" 25' W) . Penaeus
vannamei (Boone) larvae were obtained from a private laboratory.
This study 13 intented to get preliminary data for the use of
cheae species as bioindicators in oil toxicology.

The treatments included clie Collowiiiy cuiiuenLrations: 10 \ 10 a,

10-1, 10° vol:vol, as well as the control solution. The solutions
were Corexit 7664, Corexit-Diesel (0.01%), and Diesel. The sea
water (34 ppt) was filtered.

Ten plastic containers, each one with 500 ml of the treatments
solutions, were established (diameter=13 cm). Each container
received pumped air during chis 72-hour experiment. The lenght of
the individuals (five per container) was standarized. T«o
replicates per treatment were established. Toxicological curves
(LC-50) determined the minimum treatment concentration in which
50% of the samples die, within 72 hours.
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The system of the natural environment radioactive contamination monitoring started
to operate in 60s-70s as a part of hydrometeorological service. The purpose was to assess the
wide spread radioactive contamination caused by as nuclear tests conducted in the former
USSR and abroad, as an operation of the nuclear cycle enterprises. Monitoring of marine
environment radioctive contamination had an important place in this system and was
conducted by Roshydromet practically in the all of the seas washing the territory of Russia and
also in other regions of the World Ocean which are under influence of the global and different
local sources of radioactive contamination.

First of all in the Far Eastern Russian waters observations were arranged on ^Sr
content in the near shore coastal sea waters using the existing hydrometeorological stations.
These observations were carried out by SPA "Typhoon" in cooperation with the regional
departments of Roshydromet in the Japan Sea, in the coastal waters of the North-West Pacific
Ocean (coastal waters of the Kamchatka Peninsula )and in the Sea of Okhotsk. Due to these
observations we are able now to trace the dynamics of ^Sr content in the Far Eastern waters
from the middle of 60s. Now the concentration of ^Sr in waters of the points of monitoring is
about 2-4 Bq/m3.

In addition to observations on the stationary monitoring points a special investigations
of radioactive contamination of the Far Eastern seas were carried out periodically using
Roshydromet research vessels. Besides investigations in the seas washing the territory of
Russia, investigations of radioactive contamination in other Pacific Ocean areas were
conducted during such a spesific surveys. The first such survey was undertaken in 1962 in the
North-West Pacific, including the Japan Sea. The content of ^Sr in the surface Japan Sea
waters that time was about 20 Bq/m [ 1 ]. In 1974, for example, the survey of the North
Pacific Ocean radioactive contamination was undertaken (from the Japan Sea till Columbia
River mouth, affected by the discharges of the Hanford reactors). That time the content of ^Sr
in the Waters near Japan (from the Pacific Ocean side) was about 6 Bq/m3 [ 2 ].

From the beginning of 70s Roshydromet started with investigations of the impact of
dumping into Far Eastern waters of radioactive wastes on radioactive contamination of sea
water and bottom sediments. For example, in 1980 SPA "Typhoon" during expedition survey
of radioactive contamination of the North West Pacific Ocean carried out investigations of the
dumping areas in the Japan Sea and near the Kamchatka Peninsula shore. The content of
radionuclides in the Japan Sea dumping areas was about 5 Bq/m3137Cs and 4 Bq/m3 ^Sr in the
surface waters; at the depth 2500 m about 1 Bq/m3 of each radionuclide. These levels
corresponds to the levels formed by the global source.

Primorsky regional Roshydromet department undertook in 1990 the investigation of
radioactive contamination of bottom sediments in the Chazhma Bay, where the accident at
nuclear submarine occured in 1985. It was found that radioactive contamination of bottom
sediments was formed by 60Co mainly (up to 850 Bq/kg).

In 1988 and 1993 Roshydromet specialists carried out the Bering Sea radioactive
contamination investigations. In 1993 the content of 137Cs in the water layer 0-200 m varied
from 1.5 to 3.6 Bq/m and the content of Sr in surface sea water varied from 1.0 to 2.6
Bq/m3.
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In general, it was possible to charactirize the radiation situation in the Far Eastern sea
regions covered by Roshydromet monitoring system ( excluding the region of accident in the
Chazhma Bay) as well-being. The measured levels of radioactive contamination corresponded
to levels caused by the global source of contamination. However, in connection with
publication of the information on long term practice of radioactive waste dumping into the Far
Eastern Seas [ 3 ], the attention of public to the situation with marine environment radioactive
contamination become strained. That is why in 1994-1995 in accordance with agreement on
governmental level, the joint Russian-Japanese-Korean expedition on board research vessel
"Ocean" belonging to FEHRI of Roshydromet was carried out to investigate the marine
environment radioactive contamination immediately in the former USSR, Russia, Japan and
Republic of Korea regions of radioactive waste dumping. The international investigations
conducted also do not reveal any signs of impact of radioactive waste dumping in the Far
Eastern Seas on marine environment radioactive contamination in the sea regions studied.
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Scientific ocean drilling has been carried out in the world's oceans since the nineteen
sixties. From 1968-83 the Deep Sea Drilling Project (DSDP), managed by the Scripps
Institution of Oceanography in California under a contract with the US National Science
Foundation, employed the drilling vessel Glomar Challenger for this purpose. In January
1985 the Ocean Drilling Program (ODP), operated by Texas A & M University, began
operations with the drillship JOIDES Resolution which continue to this day. The principal
funding agency remains the US National Science Foundation, but since its inception ODP
has been an international program and currently receives financial support from 21
countries.

The Ocean Drilling Program is a scientific research program whose objective is to
recover cores and data from beneath the ocean floor in order to elucidate the history and
evolution of the ocean basins and the nature of the underlying rocks. Scientific planning
and direction for ODP, as for DSDP before it, is provided by the Joint Oceanographic
Institutions for Deep Earth Sampling (JOIDES). Since the beginning of ODP nearly two
thousand scientists from all the countries supporting the program have participated in
drilling legs on board the JOIDES Resolution.

The ODP operates globally and, as with DSDP before it, drills without a riser or
blowout preventer in a wide range of geological environments. Water depths at ODP drill
sites have ranged from 38 m to 5969 m, but are typically within the range 1000-5000 m.
Depths of penetration at ODP drill sites, while generally less than 1000 m, have ranged up
to 2111 m below the sea floor. The drilling fluid is seawater, although occasional slugs of
mud are circulated to clean or condition the hole. Thus drilling is carried out without well
control, i.e. without the ability to control pressures within the well. Because of the absence
of well control, it is vital to ensure that the drillship does not drill into an accumulation of
oil or gas. Drilling into a charged reservoir and causing oil or gas to escape into the marine
environment is recognized as the main pollution hazard in scientific ocean drilling [1].

Avoiding drilling into hydrocarbon reservoirs is achieved by a twofold process:
(1) All proposed drill sites are reviewed by an independent panel of experts in hydrocarbon
exploration. The Pollution Prevention & Safety Panel (PPSP) was formally established as
part of the JOIDES advisory structure in 1970, soon after the start of DSDP. The PPSP is
composed of geologists, geochemists, geophysicists and drilling engineers from the
petroleum industry, government and academia. Scientific proponents of drilling assemble
pertinent information relating to their proposed sites, including seismic profiles, geological
interpretations, data from nearby drillsites where available....and present it to the PPSP.
Sites which are located over potentially hydrocarbon-bearing structures are either rejected
or, if possible, moved to safer locations off-structure. Thus the effect of the PPSP scrutiny
is to give ODP a site selection process which is the inverse of that used by the offshore
industry in exploration drilling. Industry is trying to find hydrocarbons at every well that it
drills; ODP is trying to avoid encountering hydrocarbons.
(2) All cores recovered to the drillship are monitored for hydrocarbons. This is possible
because the JOIDES Resolution is not just a drillship, but a sophisticated floating
laboratory with the scientific and technical manpower to run it. At the present time the
equipment in the ship's chemical laboratory includes three gas chromatographs, a Rock
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Eval, and a Geofina Hydrocarbon Meter, among a host of other equipment. Thus
sophisticated analyses of the hydrocarbons present in the cores can be carried out on board
ship. Some of these analyses can be carried out very quickly (~ 30 minutes), so that their
outcome is available for operational decision-making. The PPSP has issued guidelines to
help shipboard personnel to distinguish between gas of biogenic origin, which is often
present in marine sediments, and gas of thermogenic origin which has migrated to the
vicinity of the rocks being cored [1]. The presence of mature migrated hydrocarbons in the
cores is taken as an indication that a reservoir is being approached and drilling is stopped.
The PPSP guidelines also recommend plugging and abandonment procedures, according to
the geological environment, for the holes that ODP drills.

This two stage process has been wholly successful in preventing ODP (and DSDP
before it) from releasing unwanted hydrocarbons into the marine environment. In practice,
very few holes have been terminated because increased concentrations of thermogenic
hydrocarbons have been detected - about half a dozen holes at the nearly five hundred sites
that ODP has drilled since January 1985. For example, increasing concentrations of gases
in the propane-pentane range, inferred to be of thermogenic origin, were observed near the
bottom of ODP Hole 909C [2]. The drilling of this hole was terminated at 1062 m below
the sea floor on the basis of these data [3].

The existence of methane hydrate in the sediments of the ocean floor has been known
for more than twenty years, In water depths of more than a few hundred metres, the
temperature and pressure conditions allow gas hydrate to be stable to tens/hundreds of
metres below the sea floor. Gas hydrates are particularly prevalent on continental margins,
and are often associated with a bottom-simulating reflector (BSR) on seismic records.
Studying gas hydrates is an important objective of ODP, since methane is a greenhouse gas
which may play a significant role in climate change. It has also been proposed that gas
hydrates could be an important future energy resource. Thus over the past decade the PPSP
has been presented with a number of proposals to drill though BSRs [4].

Up to about ten years ago BSRs were interpreted as marking the base of the gas hydrate
stability zone and as a seal for possibly high pressure gas beneath. Thus the PPSP at that
time did not allow the drilling of holes which penetrated a BSR. Thermodynamic
arguments then demonstrated that the gas beneath a BSR was most likely not overpressured
but at hydrostatic pressure. The PPSP therefore adopted a gradual and cautious approach to
allow penetration of BSRs. BSRs have now been penetrated at about a dozen sites in three
widely-separated geographical areas without encountering any drilling difficulties or
evidence for overpressured gas.
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Euro Chlor has voluntarily agreed to carry out environmental risk assessments of '.15 chemicals,
related to the chlorine industry. The assessments were carried out specifically foi lire marine
environment, according to the methodology laid down in the EU risk assessment Regulation
(1488/94) and the Guidance Document of the EU New and Existing Substances Regulation (TGD,
1997). The study consists of the collection and evaluation of data on effects and environmental
concentrations. Basically, the effect data are derived from laboratory toxicity tests which have been
evaluated according to the quality criteria recommended by the EU (Guidance Document).
Exposure data have been derived from analytical monitoring programs in large riv,'.xs and estuaries
in the North Sea area. Finally the risk is indicated by the ratio of the "predicted environmental
concentrations" (PEC) and tbc "predicted no effect concentrations" (PNEC) for tli:: marine aquatic
environment. :
To determine the PNEC value, three taxonomic groups representing key trophic Iceels have been
considered: aquatic plants, invertebrates and fish.

The risk assessments have been completed for five chemicals. The results will be -ummarized
hereafter.
For 1,2 dichloroethanc (EDC) 21 studies for fish, 17 studies for invertebrates and ',' studies for algae
have been evaluated. Both acute and chronic toxicity studies have been taken into account and the
appropriate assessment factors have been used to define a final PNEC value of 1100 \ig/l.
Most of the available monitoring data apply to rivers and estuaries and were used :u calculate PECs.
The most recent data (1991-1995) support a typical PEC of 0.5 ug EDC/1 and a vv.rst case PEC of 5
to 6.4 ug EDC/1. The calculated PEC/PNEC ratios give a safety margin of 170 to :':200 between the
predicted no effect concentration and the exposure concentration.

For 1,1,2-trichloroethane (Tl 12) 22 studies for fish, 44 studies for invertebrates ar.;l;9 studies for
algae have been evaluated. Both acute and chronic toxicity studies have been taker, into account and
the appropriate assessment factors have been used to define a final PNEC value ol ;S00 ug/1.
Most of the available monitoring data apply to rivers and estuaries and were used ::>. calculate PECs.
The most recent data (1991-1995) support a typical PEC of 0.01 ^g Tl 12/1 water sino1 a worst case
PEC of 5 ug Tl 12/1 water. The calculated PEC/PNEC ratios give a safety margin of 60 to 30,000
between the predicted no effect concentration and the exposure concentration.
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For trichlorocthylcnc (TRI) 20 studies for fish, 31 studies for invertebrates and Hi studies foT algae
have been evaluated. Both acute and chronic toxicity studies have been taken into account and the
appropriate assessment factors have been used to define a final PNEC value of 1* U ug/1.
Most of the available monitoring data apply to rivers and estuaries and were used i:o calculate PECs.
The most recent data (1991-1995) support a typical PEC of 0.1 ug TRI/1 'water an d:a worst case
PEC of 3.5 ug TRI/1 water. The calculated PEC/PNEC ratios give a safety margin of 40 to 1,500
between the predicted no effect concentration and the exposure concentration.

For tetracbloroethylene (PER) 18 studies for fish, 14 studies for invertebrates an; B studies for algae
have been evaluated. Both acute and chronic toxicity studies have been taken into account and the
appropriate assessment factors have been used to define a final PNEC value of 5] jkg/1.
Most of the available monitoring data apply to rivers and estuary waters and wei<: used to calculate
PECs. The most recent data (1991-1995) support a typical PEC of 0.2 ug PER/1 vi'ater and a worst
case PEC of 2.5 ug PER/1 water. The calculated PEC/PNEC ratios give a safety Margin of 20 to 250
between the predicted no effect concentration and the exposure concentration.

For chloroform (CLM3) 23 studies for fish, 17 studies for invertebrates and 10 studies for algae
have been evaluated. Both acute and chronic toxicity studies have been taken intc- account and the
appropriate assessment factors have been used to define a final PNEC value of Tt ug/1.
Most of the available monitoring data apply to rivers and estuary waters and were used to calculate
PECs. The most recent data (1991-1995) support a typical PEC of 0.2 to 0.3 ug i;lik>roforrn per litre
of water and a worst case PEC of 5 to 1 ] .5 j±g chloroform per litre of water. The ailculated
PEC/PNEC ratios give a safety margin of 6 to 360 between the predicted no effec t concentration
and the exposure concentrations.

Additional evaluation of their environmental fate and bioaccumulation character i itics showed that
no concern for food chain accumulation is expected.

In the past these compounds have been subject to various emission reduction prc jjiUmmes (e.g.
Council Directive 76/464).
With respect to the present day use volumes, use patterns and related emissions it lian be concluded
based on the abovementioned studies that none of these five compounds represent a risk to the
marine aquatic environment in the area of the North Sea.

References:

Commission Regulation (EC) N° 1488/94 laying down the principles for the assessment i*f risks to man and
the environment of existing substances in accordance with Council Regulation (];1:C) N" 793/93
(Official Journal LI 61,28.6.1994) \

TGD (1997) - Technical guidance document in support of Commission Directive 93/6'.V(5EC on risk
assessment for new notified substances and Commission Regulation (EC)N° 14J»:i'94 on risk
assessment for existing substances - Parts 1-IV ; Cat.: Part I ; CR-48-96-001-Els-Ci ± 256 pp., ECU
35.50 ; Part II : CR-48-96-002-EN, ± 500 pp., ECU 40; Part HI; CR-48-96-003-]-^, ± 136 pp., ECU
19 ; Part IV : CR-48-96-004-EN, ± 127 pp. 17.50

Euro Chlor risk assessments for the marine environment Part 1 : 1,2 dichloroethane, Part 2 :
trichloroethylene, Part 3 : tctrachlorocthylcne, Part 4 :1,1,2-trichloroethane, Part 1 : chloroform -
Unpublished reports - under peer-review for publication in Environmental Moiurring and
Assessment . =

Council Directive 76/464/EEC (Official Journal L129, 18.05.76) on pollution caused by certain dangerous
substances discharged into the aquatic environment of the Community

715



IAEA-SM-354/260P XA9951506
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Introduction

The exchange waterflows circulating through the Strait of Gibraltar serve to balance the water
deficit and salt content of the Mediterranean sea, a semi-enclosed basin. Both the inflowing Atlantic
water and the outpouring Mediterranean layer might deliver a wide range of elements and compounds
either dissolved or attached to the floating particulate matter. A better knowledge of the exchange
fluxes between the two basins would be helpful to track down the transport pathways and final fate of
a broad spectrum of natural and antrophogenic radionuclides.

In this paper total Pu and Po concentrations in the water column are presented as part of a
study to determine the exchange fluxes and overall budget of these selected nuclides within the
Atlantic and Mediterranean basins. Polonium is a natural radionuclide continously input to the sea via
atmospheric deposition from the radon existing in the air. Plutonium is a man-made radionuclide that
was mostly introduced in the atmosphere during the 60's nuclear testing . Since then, it has been
gradually dissapearing due to fallout and the banning of nuclear atmospheric explosions.

Sampling and methods

Sea water samples (not filtered) at different depths were collected in June 1997 at several
stations located on both sides of the Strait of Gibraltar, to determine the 23!H240Pu , 2I0Po, and 2l0Pb
distribution profiles. The different water masses co-existing in this Strait were identified by
continously employing the CTD (conductivity and temperature detector). As a basic approach, the
Atlantic water salinity dropped below approximately 36.5 %o and the Mediterranean flow showed
salinity values above 37.5 %o.

Polonium-210 : Polonium was pre-concentrated in 20 liters water samples. Sea water was

acidified with concentrated HC1 (25%) to pH 1-2. The 209po tracer and Pb and Co carriers were
added for later calculation of the chemical recovery and to form the complex (APDC-Co). Polonium
was scavenged from the water by quantitative co-precipitation with the chelate cobalt-ammonium
pyrrolidine dithiocarbamate (Co-APDC). After collection of the precipitate by filtering, the filters
were stored in plastic bags for later processing in the laboratory with standarised methodology (1). The
average chemical recovery for these samples was 98±6 (n=18).

Plutonium-239+240; Sea water samples of 110 liters were brought to pH 1-2 with 370 ml of

concentrated HC1 (25%), then the ^^Pu tracer was added. The water was stirred during two hours to
achieve equilibrium between the tracer and the plutonium from the sample. Then, 1 g of Fe(III) was
added and neutralized to pH= 8-9 with NaOH ( 20%) to favour the co-precipitation of plutonium with
the Fe(OH)3. The solution and precipitate were stored for 4-5 hours allowing the precipitate to decant.

The remaining solution was filtered in glass-filters. These filters were stored in plastic bags for further
analysis in CIEMAT laboratories with standarised methodology (2). The average chemical recovery
for these samples was 64±6 (n=18)

Results and Discussion

Po and Pu concentrations results versus salinity are presented in Figure 1. Total 239+240pu

concentrations ranged from 8 to 14 mBq/m3 in the Atlantic waters. The lowest values were found on
the most western part of the Strait gradually increasing while crossing it eastwards. This variation in
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activities had been previoulsy observed (3), with Pu concentrations ranging from 5-6 mBq/m3 on the
Atlantic part of the Strait, and from 8.5-16 mBq/m3 on the eastern section.
Mediterranean outflowing water shows concentrations ranging from 18-25 mBq/m3 . These results are
slightly smaller than those obtained in the bibliography (16-35 mBq/m3) , but in a reasonable good
agreement (4). Therefore, it could be suggested that inflowing Atlantic waters seem to be Pu-depleted,
whilts the Mediterranean layer appears to be Pu-enriched. Global fallout from atmospheric tests is the
source term of the measured Pu, as the mean ratio mPu/23*~24O?\i (0.08) indicates.

2l0Po concentration values ranged from 1.0 to 1.9 Bq/m3 in inflowing Atlantic waters and
from 0.4 to 0.9 Bq/m3 in outpouring Mediterranean flow. The Eastern part of the Strait shows lower

Po activities than the
western section. Opposite
to the results of Pu,
Atlantic waters are
enriched in this
radionuclide and
Mediterranean waters are
depleted. The upper layer
formed by Atlantic water
receives recent atmosferic
Rn inputs, meanwhile, the
deeper Mediterranean
water allows 210Po to decay
(T 1/2= 22.16 years ) while
moving downwards in the
water column.

36,0 36,5 37,0 37,5 38,0 38,5 39,0
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The Arctic seas are influenced by radioactive contamination from both military
and civilian sources such as global fallout, river transport, discharges from reprocessing
plants and Chernobyl fallout. A joint Norwegian American field expedition was carried
out to the Kara Sea in August-September 1995. An expedition to the Eastern Barents sea
was conducted in September 1996. The investigation was funded by the Norwegian
Ministry of Defence, The Norwegian Defence Research Establishment and Naval
Research Laboratory. Both expeditions were conducted on the Norwegian Defence
Research Establishment's ship H. U. Sverdrup II. In 1995 sea water, sediment samples
and sea birds were collected along the east coast of Novaya Zemlya, in the East Novaya
Zemlya Trough, east of the Kara Strait, along the Yamal and Taimyr peninsulas and in
the Ob and Yenisey estuaries. In 1996 sea water and sediments were sampled along the
west coast of Novaya Zemlya, west of the Kara Strait, in the Pechora Sea and outside
Cape Kanin and along the Kola Peninsula.

The main objectives for this investigation was to study the distribution and
transport pattern of long lived radioactive contaminants. The current circulation pattern in
the Kara Sea was also studied and was found to be cyclonic and not anti cyclonic as
described in Russian Atlases [1].

Generally the levels of long lived radionuclides in both sea water and sediments in
the Kara Sea and Eastern Barents Sea are very low and in accordance with the levels
determined by the Joint Norwegian-Russian Cooperation [2].

The dumped reactor in the East Novaya Zemlya Trough was located at 350 m
depth with echo sound. No leakage of radionuclides from the dumped reactor was
detected in water and sediments.

The levels of I37Cs in sea water and sediments are low. No systematic variations
were found between the Ob and Yenisey estuary and other regions in the Kara Sea. The
estimated river transport of l37Cs with Arctic rivers are all together 0.5 PBq [3]. The
estimated l37Cs input with Yenisey river to the Kara Sea from Krasnoyarsk MCIC
amounts to 0.030-0.100 PBq which is much less than the amount from global fallout, 1.4
PBq, deposited directly on the sea surface [4]. The 137Cs levels in the Kara Sea both in sea
water and sediments was higher than the levels in the Eastern Barents Sea except outside
Chernaya Guba. One of the possible factors influencing the 137Cs levels in the Kara Sea is
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river transport of l37Cs attached to particles and remobilisation of l37Cs from the
sediments. Further investigation of this issue is recommended since scarce data is
available on the Ob and Yenisey river transport of n7Cs sorbed to particles.

In the Kara Sea the levels of ^Sr appears to be systematically higher in the estuary
than in other regions of the Kara Sea. The 90Sr concentrations are also higher in the
surface water than in the bottom water of the Ob and Yenisey estuaries. The levels of 90Sr
was also systematically higher in the Kara Sea than in the Eastern Barents Sea. This may
indicate that the river transport of ^Sr effects the levels of 90Sr in the Kara Sea but it is
also important to note that the Kara Sea is an enclosed water body with high water
residence time and less water exchange rates than the Eastern Barents Sea. [5]. The
estimated Ob and Yenisey river transport of 90Sr to the Kara Sea was 1.4 PBq for the
period 1962-1993 which exceeds the amount from global fallout, 0.9 PBq, deposited
directly on the sea surface. Of the '"Sr transport with Yenisey river about 27% is
estimated to originate from the nuclear facilities in Krasnoyarsk.

In the Eastern Barents Sea water samples were subjected to serial coupled cross
flow filtration at 0.45 um and 10 kDa. Comparison of the 90Sr levels in water samples
filtered to remove particles larger than 5 um with the molecular fraction (less than 10
kDa) indicate that wSr is present mainly as small molecules.

[1] McClimans, T., et al. 1998. Transport processes in the Kara Sea (In prep).
[2] JNRC, 1997. Dumping of Radioactive Waste and Investigation of Radioactive
Contamination in the Kara Sea. The Norwegian Radiation Protection Authorities,
0steras, Norway.
[3] Aarkrog, A. 1993. In: Environmental Radioactivity in the Arctic and Antarctic. The
Norwegian Radiation Protection Authorities, 0steras, Norway.
[4] Vakulovsky, S. et al. 1995. Radioactive contamination of Yenisey river. J. Environ.
Radioactivity, pp 225-236.
[5] NATO/CCMS. 1998.NATO/CCMS. 1998. Cross-Border Environmental Problems
Emanating from Defence-Related Installations and Activities. NATO/CCMS Report no
225.
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Protection Agency, P. M. B. 265, Abuja, Nigeria, Africa.

The Niger Delta located in the central part of Southern Nigeria, is
Africa's largest delta encompassing over 70,000 square kilometres.
It is the richest part of Nigeria in terms of natural resources. This
region is composed of four major ecological zones: coastal barrier
islands, mangroves, freshwater swamp forest, and lowland
rainforests. The mangrove forest of Nigeria is the third largest in the
world and the largest in Africa. Almost two third of this mangrove is
found in the Niger Delta region. It is endowed with good agricultural
land and abundant fish resources. The Delta also has vast oil and
gas deposits accounting for over 75% of Nigeria's Gross Domestic
Product (GDP).

In spite of the tremendous human and natural resources endowment,
and its potential for economic growth and sustainable development,
the region is in a perilous state. It is presently plagued with declining
agricultural productivity, enormous environmental degradation
(biodiversity loss, erosion, flooding, deforestation, and industrial and
domestic pollution) infrastructure deficiencies, poor health, social
tensions and conflicts, fisheries depletion, tenuous property rights,
parochial management policies and actions leading to deteriorating
economic conditions.
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In view of the precarious state of this region, the Federal
Environmental Protection Agency, Nigeria's apex organisation
saddled with the responsibility of the overall protection and
conservation of the environment in Nigeria, embarked on various
strategies and actions to revive this deplorable trend. While tackling
the backlog of environmental problems remains a central concern
and requirement, greater emphasis is also given to anticipatory and
preventative policies and practices thus integrating the environment
and development concerns as part of a single and common national
agenda for action.

The Agency, in order to ensure the environmental sustainability of
various sectors of the national economy through compliance with
Decree 86 of 1992 makes Environmental Impact Assessment (E.I.A.)
Mandatory for all new major projects. Guidelines have been
developed to assist project proponents in conducting comprehensive
environmental assessment of project with emphasis on the
significance associated with the potential impacts of such projects on
the environment. The mitigation plans for minimising, eliminating or
alleviating any adverse impacts as well as plans for future monitoring
programmes are also evolved for guidance.

These guidelines, if strictly adhered to, will assist the project
proponent in conforming with requirements of the Decree, and to
obtain certification from the Federal Government of Nigeria through
the Federal Environmental Protection Agency. The philosophy of
"Cradle to Grave" principle of the EIA will ensure the sustainable use
and conservation of Niger River Delta natural resources.
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Water Column Particle Fluxes in the Skagerrak
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Abstract of poster presentation for submission to the INTERNATIONAL
SYMPOSIUM ON MARINE POLLUTION, Monaco, 5 - 9 October 1998

Particles provide some of the most important biogeochemical pathways for
contaminant transport in coastal waters, and burial of particulate matter within the
sediments can serve as an effective mechanism for removing those same contaminants
from the water column. A field study in the Skagerrak from late fall 1997 through to
early spring 1998 investigated fluxes due to both bottom sediment resuspension and a
surface phytoplankton bloom, presumably the two most important particle transport
avenues within this area. Suspended particulate and sediment trap samples were
collected throughout the water column, including the benthic boundary layer, from three
stations occupied in early December and late March on the slopes surrounding the
deepest part of the trench (to the northwest, the southeast, and the west). Analyses for
total particulate mass, inorganic and organic carbon, chlorophyll a, and phaeopigments
allow comparison of the relative importance of bottom resuspension versus surface
primary production for the total particle flux to the sediments during the two different
seasons. In addition, a sediment trap moored near the bottom at the western station over
the period between the two field expeditions indicated a clear trend in the extent of
sediment resuspension throughout the winter, and a current meter mounted 10 m above
the trap provides evidence for possible causes of that variability. Preliminary results
from analyses of 238U:234Th disequilibria within the water column (both dissolved and
suspended particulate) allows the residence times of particles within the water column to
be calculated, providing a valuable supplement to the sediment trap flux data. The
results from this investigation provide generalized estimations of particulate pollutant
transport rates in this area, generate insights into the biogeochemical cycling of particle-
associated pollutants, and furnish useful input and ground truthing for models of
pollutant tranport. It is also possible that eventual coupling of these results with those
from concomitant analyses of specific organic (PAH's andPCB's) and radionuclide
(B7Cs and ^Tc) contaminants in the surface sediments (performed by other groups)
may allow estimations of transport rates for those particular materials.
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THE LESSONS LEARNT FROM A SERIES OF RADIOACTIVITY MEASUREMENT
1NTERCOMPARISON EXERCISES

S.M. JEROME
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Over the pwt decade, the National Physical Laboratory (NPL) ha9 run a number of
radioactivity measurement intercomparison exercises, aimed at those laboratories making
measurements of radioactivity at environmental levels.

The need for such intercompariaons were initially driven by the Chernobyl accident and it's
aftermath. Immediately after the accident, many measurements were made of radioactivity in the UK
environment, but the lack at that time of a coordinated programme of measurements, feeding into a
dissemination centre did nothing to improve public confidence in such measurements. This situation
wa6 remedied by the Department of ihe Environment (DoE) in the years following Chernobyl. In the
longer term this perceived (and in most cases undeserved) lack of public confidence in 'official' data,
many laboratories in the UK, with no statutory need to measure radioactivity, began to equip
laboratories to be able to make measurements of radioactivity in food and other environmental
materials.

However, there were no national schemes to monitor the quality of such measurements and
in 1989 the Department of Trade Mid Industry (DTT) asked NPL to organise such an intercomparison.
The samples sent out for the first exercise contained ""Sr, 1n*Ru, tMGs and 1vCe at levels of 100-1000
Bq/kg. Since then, the exercises have grown in scope and complexity; there nrc now up to nine y-
emitterB included in the y-spectrometry samples and the samples for radiochcmical analysis contain
a range of a- and p-emittefs; the activity levels are a factor of 10-100 lower. Most of the exercise;* have
involved purely aqueous samples, although a liquid milk and a spiked kaolin sample have been
included in past exercises. Samples are sent out to those who order them (the exercise in open to any
laboratory in the world), along with data reporting forms and a timetable for the exercise. The data
returned to NFL is analysed and presented in a report that is placed in the public domain, although
participants anonymity is preserved. The final part of the intercompaxlson exercise is to hold a
meeting for participant? at NPL, where the data are discussed by the participants and NPL staff to see
what lessons have been learnt and to suggest the form of the next exercise.

A number of lessons have been learnt over die years, both by the participants and the
organisers! To illustrate thin, the results for several nuclides over the scries of intercomparisons will
be reviewed. However, the main points are as follows. To begin with, it was clear that there watt little
appreciation of the finer points of Y'Spectrometry by a number of laburatoriet*. This manifested itself
In different ways. It was clear from the results submitted fvr "'Cs that there was a low bias of 5-10%.
This was attributable to the phenomenon of cascade summing, but this was not considered by moat
participants in the initial exercises. Results for this nucltde still exhibit a low bias, but there is now a
greater appreciation of the effect by measuring laboratories, although few have the resources to make
an accurate correction. The use of inappropriate calibration standards was also widespread in the
initial exercises, although this situation has now been entirely rectified, with participants using a
liquid 'mixed radionucllde' source for detector calibration. There is ongoing debate about the sources
of suitable nuclear decay data. Again in the initifll exercises, there were many source* of data used,
some of which dated back to the 1950's and which are clearly inaccurate. There is a better appreciation
of what data sources to use, but there is a marked reluctance on the part of manufacturers of
equipment to divulge their sources of data that they distribute and this compromises the ability of the
user to comply with die requirements of accreditation schemes.

For our part, we have found that a minimum of data should be collected, but this should be
sufficient to make the data analysis of the exercise meaningful as well as allowing NPL to review
trends over time. Furthermore, aB the organiser, it pays to keep the exercise as simple as is required
by the user community and to be able to trace all the contributing data throughout the exercise.

The exercises that we run are well subscribed each time they are run and provide NPL, the
users and the United Kingdom Accreditation Service (UKAS) with valuable information about the
ability of UK laboratories to measure low levels of radioactivity and act as a source of education to
all tho6e taking part. They will continue for the foreseeable future and will continue to be of interest
to the participants, NPL and UKAS.
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Trace Contaminant Concentrations in the Kara Sea and its
Adjaceint Rivers, Russia.
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# Research Institute for Nature Conservation of the Arctic and North (RINCAN), St. Petersburg,

Trace organic (chlorinated pesticides, PCBs, PAHs and dloxLas/furans) and trace metal
concentrations were measured in surficial sediment and biological tissues (i.e., worms,
crustaceans, bivalve molluscs, and fish livers) collected from the Russian Arctic. Total
t»DT, chlordane, PCB and PAH concentrations ranged from ND to 1.2 ng g"x, ND to <0.1 ng
g"1, ND to 1.5 ng g"1 and.<20 to 810 ng g"1, respectively, in a suite of 40 surficial sediment
samples from the Kara Sea and the adjacent Ob and Yenisey Rivers. High sedimentary
concentrations of contaminants "were found in the lower part of the Yenisey River below
the salt wedge. Total diosdns/furans were analyzed in a subset of 20 sediment samples
and ranged from 1.4 to 410 pg g"1. The highest trace organic contaminant concentrations
were found in organisms, particularly fish livers. Concentrations as high as 89 ng g"1

chlordane; 1,010 ng g"1 total DDTs; 460 ng g"1 total PCBs; and 1,110 ng g"1 total PAH, were
detected. A subset of eleven tissue samples 'were analyzed for diozzns and furaxxs with
total concentrations ranging from 12 to 61 pg g"1. Concentrations of many trace organic
and metal contaminants in the Kara Sea appear to originate from riverine sources and
atmospheric transport from more temperate areas. Most organic contaminant
concentrations in sediments were low; however, contaminants are being concentrated in
organisms and may pose a health hazard for inhabitants of coastal villages.
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As part of the DYFAMED program (DYnamique des Flux en MEDiterranee) the downward
flux of particles, carbon and other elements has been studied in the open northwestern
Mediterranean Sea since 1987. Also, during the last few years biological (primary) production using
the in-situ 14C incubation method has been measured and the vertical distribution of large
particulate material and aggregates in the water column assessed by an underwater video profiler in
order to relate sedimentation to surface production. The primary objective of the experiment is the
observation and prediction of biogeochemical cycles of particles and associated compounds through
long-term study in the central Ligurian Sea, where biological productivity ranges from oligotrophic
to mesotrophic. Since these characteristics are observed over large areas of the ocean, the
DYFAMED site can be considered as a model area. Particle flux is especially important in
controlling the vertical transport and cycling of contaminants such as particle reactive radionuclides,
metals and organochlorine compounds [1].

The measured particulate and carbon fluxes displayed a marked seasonal pattern with mass
fluxes usually maximal during winter and carbon fluxes normally highest in late spring [2]. Carbon
fluxes in winter were also elevated but not as high as those measured during the spring. In general,
mass and carbon fluxes were lowest in late summer and autumn, with the organic carbon flux
pattern closely following that for total carbon. At 200 m depth, the mean particle flux measured
during a 7 year period (1987-spring 1991 and mid 1993-1995) was 80 mg n r d"1 and ranged from a
minimum of 5 in summer to a maximum of 335 mg m'2 d~' in winter (Fig. 1). Carbon flux was
relatively high with a mean value of 14 mg m~2 d"1 (range, 2 to 68 mg m~2 d"1). About 80% of the
sedimenting carbon was of organic origin. The observed fluctuations over the year were
considerable and varied by a factor of up to 60. At 1000 m, mean mass fluxes were only 40 % of
those at 200 m depth whereas organic carbon fluxes represented 30% of those in surface waters.
This difference results from a rapid degradation of the sedimenting particles in the water column,
with a preferential recycling of the organic fraction resulting in a decrease of carbon content of the
particles. Carbonate carbon concentration did not change significantly with depth. On an annual
basis, total mass and particulate carbon flux leaving the surface layers were 30 and 5.1 g m~2 a'1,
respectively, of which 4.0 g n r a"1 was organic (POC) and 1.1 g m" a"1 consisted of carbonate
carbon.

Primary production in surface waters was highest in late winter and early spring with the
development of diatom populations and in April with the bloom of flagellates (0.5 to 2.0 ug C nr 2

d'1). Also, concentrations of particles and aggregates larger than 150 urn in the water column were
highest from winter to late spring (60 to 90 particles I"1 at 50 m and 10 to 40 particles I"1 between
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200 and 1000 m depth) and lowest in summer (<10 particles I"1 in the entire water column). Thus,
measured particle fluxes co-varied with biological production and suspended particulate
concentrations in the water column. Examination of the organic compounds in the particles («-
alkanes, fatty acids) indicates that, at 200 m, the settling organic material in winter was
characterized by a high proportion of refractory (old) organic matter and a low content of more
labile (fresh) carbon. During the spring and summer period, fluxes contained undegraded
phytoplankton and zooplankton detrital material [3]. In the deeper trap samples, refractory organic
matter was still present, but the fresh input was very low and had evidently been consumed in the
upper water column. The implications for rapid transport of contaminants to depth in the region are
discussed.
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Fig.l. Vertical flux of particles at 200 m depth at the DYFAMED site (43°25 N, 7°52 E,
northwestern Mediterranean Sea) over a 4 years period.
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Bangladesh is a riverine in delta in the tropical region. A big chunk of the country's
agricultural land is situated along the coastal plains of Bay of Bengal where alluvium accumulates
and rainfall is plentiful.

The flood and rain waters carry a part of the agrochemical residues to the river system for
final discharge in the coastal regions. Since pesticides are persistent chemicals, Bangladesh coastal
water is likely to receive water borne residues of pesticides and insecticides sprayed upstream,
within as well as outside the territory of Bangladesh. Persistent organochlorine and other pesticides
may accumulate in the marine environment, causing a variety of effects on biotic species. Such a
situation could threaten the survival of individual biota and upset the ecological balance.

This study being a part of IAEA/IAEA-MEL/SIDA Co-ordinated Research Programme is
designed to develop a marine micro ecosystem that simulates the local tropical environment using
radiolabelled pesticides. Accordingly, studies on the distribution and fate of [14C]carbofuran in
marine environment have been undertaken using microcosm experiment.

Study was carried out with the introduction of 14C-carbofuran in the sediment surface.
Samples of water, sediment, mussels and algae were investigated at 0, 5, 10, 15, 20, 25, 30, 40, 50
and 60 day for carbofuran residues. LSC and Biological oxidizer were used for the determination
of radioactivity in the components of the ecosystem. TLC technique was utilized to study the
metabolites.

Distribution of [14C]carbofuran in water, sediment after surface application is presented in
fig. 1. It is evident from the figure that there is no adverse effect of applying [14C]carbofuran on
algae and mussels for survival in microcosm. Each component of the ecosystem was analysed to
determine the distribution pattern of [14C]carbofuran. The highest recovery of carbofuran residue
was found in water on '0 ' day after the application of insecticide and decreased to zero on '60'
day. The recovery increased with progress of time to certain extent in case of sediment, algae and
mussels.

100
+Water -e-Mussels
e-Algae •Sediment

S
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Fig.1. Distribution of [14C] Carbofuran in water.sediment,
mussels and algae after surface application.
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Highest recovery (40%) was observed on '50' days in case of sediment and it was found to be
for algae on 60 day. The concentration of [14C]carbofuran residues in water decreased after 2
weeks and translocated to sediment, algae and mussels at varying rates (immediately after
spreading on sediment). The [MC]activity in water decreased gradually to about one fourth of the
initial value on '15' day. This was followed by a sharp decline on 30 day. The residues in the soil
reached the maximum level in a very short time, then declined and remained at the same level. On
the other hand, the residue in algae and mussels were increased with time. Extractable and bound
residues in sediment at different time intervals is shown in fig. 2. Sediment residues was found to
be low upto 10 days after treatment. Eventually, no appreciable change was observed until the last
day of the experiment.

In fig.2 a significant portion (45-77%) of the total radioactivity applied was found in soil as
non-extractable residues from 20-60 days after treatment. Significant but gradual increase in the
formation of soil bound [14C]carbofuran residues has been reported by other workers [1, 2].
Carbofuran and its metabolites in water, algae, mussels and sediment were identified and
confirmed by TLC.

8 0 ^JlinExtractable •Bound

0 5 10 15 20 25 30 40 50 60
Time (days)

Fig.2. Extractable and Bound [14C] Carbofuran residue in sediment.
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Modelling the dispersion of radionuclides in the sea offers the possibility to forecast
and assess the consequences of a leakage from a radioactive waste dumpsite. These forecast
results can serve for further dose calculations but also as a help to design in situ monitoring
systems for surveying radioactive waste dump sites.

Some of the radioactive waste in the Arctic, like reactor parts or submarines, are
dumped in small and shallow bays along the east coast of Novaya Zemlya. These bays have
dimensions of a few kilometers in length, one or two kilometers in width and 20 - 50 m in
depth. According to radiometric analyses, the present 137Cs contamination of surface deposits
along the east coast of Novaya Zemlya is relatively low compared to the Baltic and Irish Seas.
However, enhanced 60Co, 90Sr and ' 7Cs concentrations were observed inside Abrosimov and
Stepovoy Bays, indicating some leakage from dumped objects. Concentrations of up to 100
kBq of 137Cs in surface sediment have occurred in the vicinity of dumped containers in
Stepovoy Bay [1].

Preliminary modelling studies have shown that concentrations in Novaya Zemlya Bay
waters would be in the range of 2 or 3 kBq m'3 for a lTBq y*1 release of 137Cs [2]. However,
these results were based on idealized and stationary flow fields. The present model study was
carried out to give more detailed information on the characteristics of possible contaminated
outflows from the bays, in particular on space and time variability.

The Hamburg Shelf Ocean Model (HAMSOM) is applied to Abrosimov Bay and
forced with realistic, transient wind fields and air temperatures. The three-dimensional
circulation model is coupled to a dynamic-thermodynamic ice model that accounts for surface
heat fluxes, fractional ice cover and ice thickness.

Model results show significant variations in the bay circulation due to a pronounced
saisonality in the wind forcing and the ice cover. The circulation is weakest in early summer
when wind speeds are low and the ice still covers most parts of the Bay. In autumn,
circulation and flushing of the bay is most enhanced, due to increasing wind speeds and lack
of ice cover.

Dispersion scenarios were carried out assuming a leakage at dumped objects. During
most of the year, the obtained radionuclide concentrations in the bay are higher in the upper
layers than close to the bottom, indicating an outflow at the surface and a compensatory
inflow below. This general pattern is only reversed during spring and early summer, when the
wind directions change.

The present approach for investigation of the dumping sites in the Kara Sea via yearly
expeditions during the short season of ice-melting is not effective for a long-term monitoring
programme. It has, of course been essential in order to obtain the initial information on the
location of the dumped objects, their forms and conditions, and on present radionuclide levels
around the dumped objects. Apart from the dumping site in the Novaya Zemlya Depression,
all important dumping sites have been investigated. It is thus possible now to plan the
introduction of a more effective system for long-term monitoring of the dump sites.
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The present model study reveals considerable variations in space and time concerning
the depth level of radionuclide concentrations in the bay. Since it is very difficult to monitor
outflow surface waters or even the whole water column in Novaya Zemlya bays, the best way
to continuously monitor waters over a whole year is to install a monitoring system and place it
at the bottom of the bay as close as possible to dumped objects.

As fission and activation products dissimulate in dumped radioactive wastes, it is
suggested that monitoring should concentrate on the analysis of y-emitters like 137Cs and 60Co.
It is very unlikely that actinides and/or p-emitters leaking from the wastes will not be
accompanied by y-emitters [3].

A large volume scintillation detector of high efficiency and reasonable resolution,
capable of withstanding temperatures down to 273 K would be the best choice for long-term
y-monitoring of sea water. For example a 75 mm x 75 mm Nal(Tl) y-spectrometer would
fulfil these requirements. The sensitivity is good enough to perform even 24 hour
measurements. BGO detectors, because of their better resolution, would be technically
preferable, but they are more expensive. From the points of view of energy resolution and
power consumption, inorganic scintillators coupled to photodiodes (replacing conventional
photomultipliers) would perhaps provide the ideal solution. However, their operational
characteristics (for high sensitivity and long-term remote operation) are at present still inferior
to those of Nal(Tl) detectors. Semiconductor detectors operating without external cooling
(e.g. CdTe, CdZnTe, Hgh, GaAs) have a better energy resolution but are still available in
insufficient volumes to compete with scintillation detectors in terms of efficiency.

Serious problems with operation of the system in the open sea arise from the ice cover
(for about 8 months the Kara Sea is covered with ice) and its drift. As the transmission of
data through the ice cover to a satellite is at present not readily achievable, the transmission
system should ideally have a buoy on the water surface and during the winter on the ice. It is
very probable, however, that such a transmission system would be damaged by drifting ice.
To prevent the system from damage, another solution could involve a floating transmission
system below the ice layer with transfer of pressurized data only during summer months.
Therefore, a scintillation y-spectrometer mounted on the sea-bed or deployed in the water
column, connected with a land-based satellite transmission system through a cable would be
the best system for long-term remote monitoring of y-radioactivity in the Kara Sea.

The y-spectrometric detectors could of course simultaneously be equipped with other
oceanographic sensors, e.g. current, temperature and salinity meters, the data from which
could also be transmitted through the satellite network, thus providing comprehensive
information on the oceanographic regime in the region.
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Abstract

Concern for nuclear contamination in the Arctic stems from many sources: atmospheric (from global fallout from
nuclear testing, or Chernobyl type accidents, marine or ocean current transport, riverine or groundwater transport,
biological (migratory species), and ocean dumped wastes and land based sources. The authors question whether the
depth and detail of the available information on processes and fate and effects and the reliability of the contaminant
assessments for land based sources would be comprehensive enough to draw valid scientific conclusions on risk,
public health and environmental safety. These assessments also have the following specific data and information
requirement1;; (1) estimates of actinides and (2) fission and activation products that would require additional
information: on reactor type, fuel load, fuel enrichment, power, operating history, and accident. Given reasons of
national security, these types of information are usually highly restricted. - =

However, for assessing the potential risk from nuclear contaminants that are in land-based sites and/or river or -
groundwater, there is not the same level of scientific confidence in being able to conduct a valid risk assessment. It I"
is difficult *a estimate the degree of safety of the containment barriers and holding structures utilized for below 7
ground stored nuclear wastes in the FSU. In addition, the level of data and information on source terms and release -
rates is also not available. When combined with a lack of understanding of the interactions of contaminant transport r
in ground water and the impact of freeze and thaw and permafrost, there are serious limitations in assessing risks
from land based wastes in the Arctic The are also political issues that will limit the ability to develop more detailed -
source term 'knowledge about the condition, composition and scope of these land based nuclear waste sources:

* The political sensitivity of the matter and national security issues;
The lack of available funds for assessment and assistance efforts;

* Inter-military distrust and Russian national security concerns;
Western fears of upgrading the Russian strategic capabilities;

• Disagreements on technology selection and implementation;
Communication and coordination among countries providing assistance; r

- Communications in negotiations between Russian and western officials;
Effective application and distribution of existing funds;
Absence of standardized risk assessment procedures and emergency response strategies to potential future Z
accidents at these land based sites; 1
Long-term site and waste storage liability (and responsibility) concerns;

• Lack of ISO Standards (9,000 and 14,000) and Lack of Intellectual technology property rights in Russia. •

Russian Nuclear Submarine Decommissioning

Most of the nuclear submarine wastes are generated from the nuclear submarine decommissioning process and
operations in the Russia Northwest and Far East. These wastes are predominantly the remnant of the Cold War arms :
race between the Soviet Union and the United States. In the future, these wastes are to be stored on land and not ;
ocean dumped. Unfortunately, due to the present economic hardships in the former Soviet Union, resources are not
available to Iproperly decommission the large number of nuclear submarines. Nor is funding available to developed
sufficient storage facilities on land for spent nuclear fuel (SNF) and other types of liquid or solid radioactive wastes j
from these submarines (WHOI, 1993; Grischanow, 1997; Boehmer and Nielsen, 1995 and OTA, 1995).

Currently there are over 130 Russian nuclear submarines thai have been removed from active service and placed in -
temporary storage at Arctic naval bases. The majority (87) of these vessels belongs to the Northern Fleet.
Currently, 70 of those have not yet been defueled (Grischanow, 1997). These submarines are laid up at
Severodvinsk and nine other locations on the Kola Peninsula. The majority of the remaining submarines are located
in the Russia Far-East (RFE), in Vladivostok Area (BoLshoi Kamen, and Pavlovsk) and around the Kamchatka
Peninsula, pver the course of the next 10 years, a total of 150 submarines will need to be decommissioned. Western
governments are reluctant to support decommissioning these submarines, because they are concerned that they may
inadvertently provide funding for waste processing which could indirectly keep Russian nuclear submarines
operational and at sea.
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Most of the submarines that have been deactivated from military duty in the former Soviet Union have only been
beached or moored in available or temporary space. Most nuclear submarines are not being decommissioned and
decontaminated (O&D) due to lack of funds. D&D includes removal of nuclear reactors, weapons and wastes. The
moored submarines are constantly exposed to the severe climatic changes of the Arctic North and corrosion inherent
to the marine environment Consequently, most are in very poor maintenance. They are only provided enough
electricity to keep die reactors and pumps working. The vessels that still contain their nuclear fuel are under the
control and supervision of reactor watch and safety units. Unfortunately, due to the lack of funds, these crews are
consistently1: undermanned, unpaid and have limited training.

Estimates on the quantity of nuclear wastes produced from the decommissioning and decontamination (D&D) of
nuclear submarines have been reported by Nielsen et al, (1996), van der Horst (1996a and 1996b) and Baklanov et
al., 1996). ; As a general estimate, for example, one twin - reactor nuclear submarine alone can produce
approximately 2000 m3 of liquid radioactive waste. The decommissioning of a Delta I Class submarine produces
about 830 m of liquid waste and about SOO fuel assemblies (solid waste) which require appropriate storage and
treatment (Nielsen et al., 1996)

Spent Nuclear Fuel (SNF) Storage

The lack of appropriate storage facilities is a significant concern for safe long-term storage of Spent Nuclear Fuel
(SNF) from D&D of nuclear submarines. The Northern Fleet's largest temporary storage facility for spent nuclear
fuel is shunted at Zapadnaya I-itsa in Andrecva Bay, about 40 km from the Norwegian border (Boehmer and
Nilsen,1996). Approximately 23,000 spent nuclear fuel assemblies are stored here, corresponding to 90 nuclear
reactors. The fuel assemblies are stored in three concrete tanks (in very poor condition). Fuel assemblies are also
stored outdbors in containers without shelter. There is also a smaller storage lacility for spent nuclear fuel in
Cremikha. In addition, there are 7 service ships, which are used for storing spent nuclear fuel. On board these ships
are stored aver 5,000 fuel assemblies, which are considered to be in very poor condition (BakJanov et al., 1996). In
may cases, SNF has been stored longer than 15 years.

Solid Radioactive Waste Sites

Approximately 30,000 - 40,000 m1 of solid radioactive waste (SRW) is stored at different sites m Russia Far East
and Northwest. All of these storage facilities are full and at a few of them, active SRW is stored in open fields
outside theistorage buildings. These wastes are out in the open and their storage is not protected by any additional
containment structures. Additional amounts of waste will accumulate from decommissioning nuclear submarines.
Furthermore, cunent planning also includes the decommissioning of two units of the Kola NPP, the icebreakers
Lenin (already out of operation) Arctica and Sibir, and the laid-up service ship Lepse. According to preliminary
estimations, the decommissioning process for Unit I and Unit 2 of the Kola NPP, and the icebreakers will yield
about 16,000 metric tonnes of SRW. (Nilsen « al., 1996). The volume of SRW generated from the submarine
decommissioning process is likely to exceed 50,000 m3 of all types of SRW.

733



IAEA-SM-354/270P XA9951516

ARTIFICIAL RADIOACTIVITY IN CARLINGFORD LOUGH, IRELAND

S. LONG, E. HAYDEN, M. FEGAN, A. DOWDALL AND D. POLLARD
Radiological Protection Institute of Ireland (RPII), Dublin, Ireland

R. LARMOUR, L. PEAKE AND K. LEDGERWOOD
Environment and Heritage Service, Dept. of the Environment for Northern Ireland (DOE),
Belfast, Northern Ireland

During 1997 a study of the levels of artificial radioactivity in Carlingford Lough, on the
north-east coast of Ireland, was carried out. The primary aim of this study was to determine
the effects of discharges from the British Nuclear Fuels reprocessing plant at Sellafield on the
region. Samples of sea water, seaweed, inter-tidal sediment and shellfish were collected and
analysed for caesium-137, technetium-99, plutonium-238, plutonium-239,240 and americium-
241.

It was found that the activity concentrations of Cs-137 in the region have declined in
recent years due to decreased discharges of this radionuclide from Sellafield. In contrast, the
activity concentrations of technetium-99 in the region have increased since 1994 due to the
operation of new facilities at Sellafield. For example, between 1994 and 1997 there was a 16-
fold increase in the activity concentration of technetium-99 in seaweed from the Lough. This is
comparable with increases measured at other sites on the east coast of Ireland. The activity
concentrations of artificial radionuclides measured in all compartments of the Lough did not
differ significantly from those measured at other locations on the north-east coast during 1997.
The dose to a "critical consumer" who lives and works close to the Lough and consumes
relatively large quantities of locally caught seafood was estimated. In 1997 this hypothetical
individual received an annual dose of approximately 5.1 uSv. This represents a decrease from
the estimated annual dose in 1990 of about 9 uSv. This decrease in annual dose is mainly
attributable to the reduced activity concentration of Cs-137 in the environment. These doses are
clearly of negligible radiological significance and can be compared to the average annual dose
to a person in Ireland from all sources of radioactivity of about 3000 uSv.
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SPA "Typhoon"has paid a lot of attention to studies of radioactive contamination of the
Black sea which belongs to the seas with limited water exchange (this type of sea is most
sensitive to anthropogenic contamination). First, (starting from 1967) observations of ^Sr
concentrations in the surface, waters were arranged. In the first five years of observations the
average level of ^Sr contamination was constant (on the average 25 Bq/m3) and then to the
mid 80-s there was a trendibr a decrease in ^Sr in the surface sea waters. Determination of
3H in the sea water was started in 1973. In 1973 the average concentration of 3H in the surface
water was about 8 kBq/m3.

In 1977 we carried out a detailed study of the space-depth distribution of 137Cs, ^Sr
and 3H in different areas of the sea and the space-depth distribution of 137Cs and ^Sr in
bottom sediments [1]. Based on results of this survey we determined the inventory of
radionuclides in the water mass and bottom sediments. Later on, these data appeared extremely
important for assessment of consequences of occurrence of the Chernobyl-derived materials
for the Black sea in general.

After the Chernobyl accident we conducted detailed studies of the radioactive
contamination of the Black sea (starting from June 1986) [2,3].The structure of the B7Cs and
^Sr contamination field of Jtbe surface water in the first months after the accident was very
nonhomogeneous because i)f the non-uniformity of depositions onto the water. The most
contaminated was the eastern part of the sea (the highest contamination levels of surface water
were reported in June- July 1986 and equal to 500 Bq/m3 for 137Cs and 120 Bq/m3 for ^Sr).
There was no increase in the concentration of 3H in the water of the Black sea after the
Chernobyl accident (the average concentration in the surface water in June-July 1986 was 4.0
kBq/m3). Later due to the processes of horizontal and vertical mixing, the surface water
contamination field became uniform. The table contains data on the dynamics of levels of
contamination of surface waters with 137Cs and ^Sr after the Chernobyl accident. With
respect to ^Sr , as soon as in 1988 the contamination level became practically pre-accidental.
Table
Concentration levels (Bq/m3) in the Black Sea Surface Water

Radionuclide

137Cs

^Sr

Range

Average
Range

Average

Before
accident
Uniform

distribution
18.5

Uniform
distribution

22.2

1986
Jun.-Jul.

14.8-503.2

159.1±25.9
14.8-123

40.7±7.4

1986
Oct.

81.4-247.9

140.6±7.4
22.2-44.4

33.3±1.1

1988
Oct.

29.6-81.4

55.513.7
17.4-33.4

23.7±5.6

1989
Oct.

40.7-77.7

48.1±7.4
-

-

1991
Sept.

22.2-37.0

25.9±1.1
-

-

By the depth concentration profiles measured in October 1986 we estimated the
inventories of 137Cs and ^Sr of the Chernobyl origin in the sea water mass which were equal
1665 and 278 TBq. Prior to the accident (1977 data) the inventories of 137Cs and ^Sr were
about 1480 TBq for each radionulcide.

735



The content of radionuclides in the surface layer of the bottom sediments prior to the
Chernobyl accident (1977 data) was 100 Bq/kg for 137Cs and 1.3 Bq/kg for ^Sr to the depths
of 140m and at the depth 600 m and more was 1-4 Bq/kg for 137Cs and <1 Bq/kg for ^Sr .In
1986 after the Chernobyl accident the radionuclides identified in bottom sediments included
144Ce, 141Ce, 103Ru, 134Cs, 95Zr, 9SNb. The same radionuclides were detected in suspension
(134Cs occurred in water primarily in the soluble state).

The latest studies of the radioactive contamination of the water and bottom sediments
in the Black sea were undertaken in September-October 1997. The samples were collected in
the north-east part of the sea in three areas at the depths about 50, 500 and 1500 m. The
average concentrations of radionuclides in the sea water were:
-in surface waters: 137Cs -32 Bq/m^^Sr -17 Bq/m3, tritium-2.0 kBq/m3

-in near bottom waters:
depth 50 m : 137Cs -33 Bq/m3, ^Sr -17 Bq/m3, tritium-1.9 kBq/m3

depth 500 m : 137Cs -3.7 Bq/m3, ^Sr -1.1 Bq/m3, tritium- 0.5 kBq/m3

depth 1500 m : 137Cs -1.3 Bq/m3, ^Sr -0.9 Bq/m3, tritium- 0.5 kBq/m3.
In the surface layer of the bottom sediments the following content of radionuclides was

reported:
depth 50 m: 137Cs - (10-115) Bq/kg, ^Sr (0.14-1.0)Bq/kg
depth 500 m: 137Cs -<2.4 Bq/kg, ^Sr - (0.15-0.6)Bq/kg
depth 1500 m : 137Cs - (60-170) Bq/kg, ^Sr - (1.4-22.8) Bq/kg.

Thus, the concentrations of 137Cs in the sea surface waters even now exceed the pre-
Chernobyl level.
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During the past ten years several studies pointed that of all the pollutant around 75
% entering the marine environment is originated from land based sources. Venezuela
certainly belongs to those countries that contribute to pollute the Caribbean sea since most
of the inhabitant and industrial activities lies in the coastal territory. Moreover, being one of
the underwriting countries for the Protection and Development of the Marine Environment
agreed to take preventive measures to reduce and control somehow the marine pollution.
This study is part of that agreement and the data presented here may be considered as an
answer to the continuing effort to improve the pollution control strategy. Nearshore coastal
marine environment are the most biologically reproductive zone and sustain economically
large part of the population living along the 22 hundred Km of the Venezuelan coast. Major
land based sources of marine pollution such as sewage, industrial effluents and agricultural
run-off among the chemicals usually transported, the lead is one of the most often
encountered. In this paper point sources are identified with emphasis to variables leading to
lead pollution. Venezuela is a heavy consumer of lead mainly employed in automotive fuel of
which the estimated daily consumption is 1.4 M litres. Lead is released in motorcar exhaust
around 20% in mass, in the form of lead halide or oxide. The lead acid batteries are another
source since for bad practice usually a large number of them ends anywhere but in the
recycling sites. Two Power plant of the Litoral Central burn oil or carbon from that
combustion it is expected (VaUcovic 1989) a lead release in the environment of 65 and 52
g/kWh 106. Increasingly the municipal waste site is turning to incineration and the residues
may ends to the marine environment together the ashes of large burnt areas that during the
dry season are of considerable size. It has been noted (Shieh et. al. 1991) that flying ash is
reactive with sea water, for example in the case of cadmium, more than the 90% of the total
concentration is released almost immediately when the ash is dissolved in seawater, however
the lead is less reactive but certainly important as well. Fly ash should not be released in the
ocean. However the raining~water washing the surface, transport a large amount of
paniculate rich in lead content. Has been reported the lead concentration in rain and sea
water 20 ppb and 0.03 ppb respectively. This would suggest that the marine leaving
organism retain to certain degree the heavy metal. In Fig.. 1 the schematic experimental set
up for lead measurement in environmental samples is given. The method employed is
described in detail by Greaves et al. In Fig 2 we present the study site and in Table 1 results
are shown.
Ref. Shieh C, Wang T and Duedall I. Pollution Potential of Waste-to-Energy Residues an
Marine Environment. Int'l Ocean pollution Symposium. 28 April-May 3, 1991. 71-72
Valkovic V. X-ray Spectroscopy in Environmental Sciences. CRC Press, 133- 147
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The drainage basin deliver the industrial and agricultural influence of a population of > 162 million
people in 9 countries primarily via 3 major rivers in the Black Sea region (Mee 1992). Discharge from
Danube River, which constitutes about half of the total riverine input, flows cyclonically south and
around the basin. Recent changes have been documented in the riverine discharge to the Black Sea, in
both diminished flow and enhanced nutrient content (Cociasu et al., 1996). Enhanced nutrient loading
in the major rivers is considered as the cause of the increasing in eutrophication and dense algal blooms
along the NW shelf, W and SW coasts in the Black Sea which is evident off-shore as well. Doubling of
both phytoplankton biomass and primary productivity throughout the central regions of the sea
between mid 1970s and 1990s, have been attributed to anthropogenic causes (Bologa et al., 1995;
Vedernikov and Demidov, 1993). Bologa et al., 1995 have discussed the increases in both amplitude
(almost an order of magnitude) and in frequency of phytoplankton blooms, with major shifts in
taxonomic composition in the Romanian coastal waters between the 1960s and 1980s.

Until recently, data on primary production were very limited for the southern Black Sea (Vedernikov
and Demidov, 1993; Yilmaz et al., 1997). Coastal waters of the region are principally fed by the
riverine input whereas the cyclonically dominated open ecosystem is mainly controlled by the influx
from the oxygenated lower layers by vertical diffusion and wind induced mixing processes that is much
effective in winter. However, the input from the anoxic layer is limited due to the presence of a
permanent halocline in the Black Sea. Halocline coincides with the suboxic zone which is in between
the oxic and anoxic waters, where intense denitrification and redox-dependent processes also limit
nitrogen and phosphorus input to the productive layer. Thus, the surface waters are relatively poor in
inorganic nutrients during the stratification seasons. The photosynthetic carbon production rate (PRP)
in the southern Black Sea region was determined in the range of 247-1925 mgC m'2 d'1 in 1995-1997
period (Table 1). Relatively high PRP rates were observed in the upper euphotic zone extending down
to 10-20 m or to the depth of 10 % of the surface light. Below this layer, PRP decreased markedly due
to the light limitation. This was confirmed by the measurements of maximum production P(M) rates,
when the deep samples were exposed to full light conditions and P(M) rates had similar values with the
near surface production rates down to the base of the euphotic zone. The highest primary production
rates were observed at frontal zones in the Rim current region where the lateral and vertical transport
of nutrients into the euphotic zone was much more effective with respect to cyclonic and anticyclonic
regions. The depth-integrated production rate was as high as 1.9 g C m'2 d"1 in this region in
spring, nearly similar to the values already known for the NW shelf and off the Romanian coast for the
1970-1980 period (Bologa, 1985/1986) and exceeding of those for the central Black Sea for the late
1980 and early 1990s (Vedernikov, 1991; Vedernikov and Demidov, 1993). Central cyclonic regions
are relatively rich in terms of production when compared with those of anticyclones because of
efficient nutrient transport from the deeper nutrient rich waters as a consequence of location of
nutricline at relatively shallower depths although it coincides with the certain density surfaces
throughout the whole basin. The PRP results obtained for the stratification seasons (between early
summer-late autumn) were also relatively high (up to 1.3 gC m'2 d1 in summer) indicates that in
addition to characteristic spring and autumn blooms, short-term summer blooms have recently
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occurred in the Black Sea as reported by Bologa 1985/1986 for the NW shelf and recently by
Codispoti et al., 1991, Hay and Honjo, 1989; Hay et al., 1990 for the whole basin. Such summer events
were frequently observed in the last decade confirming the increase in eutrophication which is related
to anthropogenic input.

Table 1. The range of daily carbon production rates in the Black Sea for different seasons between
1995-1997 period

Location

OfFBosphorus-Central Cyclones

Along the Rim Current

Spring

247

1925

Summer

195-687

603-1269

Autumn

371-591

850

Bioassay experiments (using extra NO3 and PO4) performed during summer 1997 showed that under
natural light conditions the phytoplankton population is Nitrate limited. When the light intensity was
diminished (by about five fold) and was artificially applied Phosphate seems to control the growth.
Besides the samples from 1% light were tested for this purpose where the fluorescence and
chlorophyll-a maxima were observed; the samples collected from the surface did not show any
tendency to any of these nutrients. Preliminary results of such ongoing experiments show that the Black
Sea phytoplankton populations are very sensitive to any changes in the environment, the amount and
the character of the anthropogenic input in terms of nutrients and the light conditions in the upper
water column.
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