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LABORATORY DIRECTOR'S REPORT

In June 1979 Er. C.L. Osterberg returned to the United States of
America having guided the Laboratory through a three-year phase of
diversification begun by his predecessor Dr. T.M. Beasley (USA).
Budgetary constraints were becoming increasingly severe in 1979 "but in
spite of these difficulties the outside interest and requests from other
UN organizations for the Laboratory's expertise continued to grow. The
end of 1979 saw the culmination of these efforts in the conclusion of the
Pilot Phase of the Mediterranean Action Plan of the United Nations
Environment Programme (UNE?), a phase in which the Laboratory had played

a significant role. Coincidentally the International Atomic Energy
Agency (IAEA) called a meeting of consultants, held in Monaco in
November 1979, to review the programme and activities of the Laboratory.
Between Dr. Osterberg's departure and my arrival in November 1979

Dr. R. Fukai (Japan) held on to the reins in his own inimitable fashion,
as he has done so on several previous occasions. His willing assistance
and source of wisdom built up over his 18 years of association with the
Monaco Laboratory continues to be greatly appreciated and sought after by
myself.

For those who are not familiar with the Laboratory, the consultants
at their meeting in Monaco, presented the overall aims and objectives of
the Laboratory in the following manner:

1. to perform research on the occurrence and behaviour of
radioactive substances and other forms of pollution in the
marine environment;



2. to ensure the quality of the performance and comparability
of studies of radioactive substances and other forms of
pollution in the marine environment by national laboratories
through inter-laboratory comparisons, calibrations and
standardization of methodology;

3- to assist Member States with regard to marine radioactivity
and environmental problems by training of personnel,
establishing co-ordinated research programmes and providing
advice and assistance.

With the facilities and funds at our .disposal this is no mean task.
During the past year, however, I have never ceased to be happily surprised
at what can and has been accomplished in the Monaco Laboratory. There is
no doubt that the reputation, the efficiency and the cost/benefit ratio of

the work carried out in the Laboratory can stand up favourably to external
scrutiny and comparison.

The scientific programme of the Laboratory has undergone changes

during 1979 and has assumed a number of new responsibilities in 1980.
Specific mention should be made of the thrusts related to environmental
protection and the establishment of a section devoted to nuclear waste
disposal questions. Far from condoning the disposal of radioactive waste
in the oceans the Agency's programme and that of the Laboratory is
designed to elucidate in a quantitative manner the behaviour of such waste
once it has been deposited on the seabed or buried within the sediments.
Projects are already underway on the transport of key radioactive elements
by biological, chemical and geochemical processes occurring in the benthic

region. The results of these efforts will provide much needed scientific
information in addition to assisting the Agency to fulfil its obligations
to certain international conventions and treaties, e.g. London Dumping
Convention (1972).

8



A significant finding resulting from Laboratory studies of the
behaviour of transuranic elements in sea-water, has been the confirmation
of the fact that plutonium and americium behave quite differently in the
oceans. It is now quite clear that fallout plutonium, in contrast to
americium, tends to remain in the soluble form. The vertical downward

transport of americium is much quicker than for plutonium with the sinking
of particulate matter appearing to be the predominant mechanism.

For the first time in 1900 significant quantities of the isotope
Tc became available in the USA - thus permitting the conduct of tracer

studies. As part of an international programme being pursued in four
countries, the Monaco Laboratory has concentrated on uptake and depuration
studies using key marine species. The results of this work will be used in
evaluations of the marine environmental behaviour of technetium - a

significant constituent of nuclear wastes.

As far as the non-nuclear side of the Laboratory work is concerned,
keen interest has been shown in our activities by UNEP, and by UNESCO

through its Division of Marine Sciences and the International Océanographie
Commission. With the culmination of the Pilot Phase of the Mediterranean

Action Plan the Laboratory has been called upon to assist in the Kuwait
Action Plan - another activity within the Regional Seas Programme of UWEP.

The reputation of the Laboratory in the provision of intercalibration and
instrument maintenance services has led to growing demands on the staff
from all parts of the world. With this reputation has come the recognition
that the Laboratory can serve as an ideal training centre for scientists
and technicians from developing countries. This facet of our work
continues to grow in importance in the Laboratory programme.

During 1979 "we were honoured on two occasions by visits from the

Director General of the Agency, Dr. S. Eklund. He met, on the occasion of
the Consultants' Meeting, with S.A.S. Le Prince Rainier III, to discuss



matters of mutual interest to the Agency and the Monégasque authorities.
We have continued to receive considerable support from the Principality of

Monaco and the Institut Océanographique and I am pleased to express our

gratitude to S.E. Mr. A. Saint-Mieux, S.E. Mr. G.G. Solamito,

Commandants Jacques Yves Cousteau and Jean Alinat for their keen interest
and active participation in our endeavours.

Finally we look forward to the future. Although the clouds of

financial restraint hang heavy the Laboratory is optimistic.
Dr. Bertrand Goldschmidt, the former Chairman of the Board of Governors

of the Agency, pointed out recently that more than half of the world's
nuclear reactors are located on board naval vessels of one type or another

engaged in activities at sea. With the possibility of an accident posing
a constant threat, the behaviour of radioactivity in the sea is therefore

a critical problem, and worthy of the attention of the scientific
community. The Monaco Laboratory's unique competence in this field
bestows on it an obvious role to play for the benefit of developed and

developing countries alike. Its present location is ideally suited to

the pursuit of these endeavours.
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MARINE BIOLOGY

1. Artificial long-lived radionuclide studies

A fundamental concern regarding the discharge of transuranic and other

long-lived radionuclides into the world's oceans relates to the
accumulation of these elements into marine food chains which may lead to
man. For example, marine phytoplankton, which overwhelmingly accounts for
the majority of primary production in most marine ecosystems, and hence
provides the first link in the food chain, may serve to concentrate these
contaminants from sea-water and transfer them to the resident herbivores.
These pollutants can then be either passed along the food chain to higher
predators or excreted in the form of biogenic debris which is rapidly
transported towards the sediments. Quantitative knowledge about this

transfer pathway is indispensable in estimating the residence time of
radionuclides in the water column as well as elucidating general biogeochemical
processes in the sea.

Once radionuclides reach the sediments they may become fixed and

relatively isolated from benthic biota or they may be accumulated by

organisms in any number of ways. Little is known about the potential
transfer of radionuclides from sediments to organisms and such information
is currently being sought as a result of the development of deep-sea

radionuclide disposal options throughout the world.

More data in all these areas are clearly needed if we are to fully
understand, and hence be able to predict the behaviour of these elements
in the sea. To study each of these aspects with respect to the input of
artificial radionuclides, three interrelated subprojects of the Marine

Biology programme have been pursued during the biennium 1979-80.
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(a) Vertical transport of long-lived radionuclides
Relatively high concentrations of various radionuclides, trace elements

and organic pollutants have been found in biogenic particulate matter
collected in situ. In the Monaco Laboratory quantitative assessments of

the downward vertical flux of transuranium radionuclides and various other
elements via the sinking of these organic detrital particles is being
attempted. Two general approaches, viz., in situ sediment trap measure-

ments and "source term" analysis, are being used and both involve field
and laboratory studies. Biogenic debris such as faecal pellets, molts,
carcasses, etc., have been collected in sediment traps (see Fig. l) at

various depths and analysed for radionuclides. In parallel with sediment
trap collections, the same materials, freshly-produced by Zooplankton and

other marine species ("source terms"), have been collected using specially-
designed shipboard techniques and analysed for radionuclides. Knowledge of

the radionuclide levels in biogenic debris at various depths coupled with
that for the same materials released in surface waters (source terms)
allows assessments to be made of the rate of release and/or scavenging of

the different radionuclides as the particles sink through the water
column. Laboratory measurements on decomposition and subsequent release
of radionuclides by direct radioanalysis and radiotracer techniques
complement the field studies. These data along with measurements of the

sinking rate of these materials allow estimations to be made of the
relative inputs of various artificial radionuclides to the benthos. Some

of these studies form a part of the US National Science Foundation's

VERTEX programme initiated in mid-1980 and were carried out in the Pacific
Ocean (offshore) in collaboration with other laboratories in the United

States. The Monaco Laboratory programme has been carried out mainly in
the N.W. Mediterranean (nearshore) in collaboration with the Marine

Chemistry section.
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("b) Biokinetics and food chain transfer of transuranium elements
and other long-lived radiomiclides in the "benthos

Experiments designed to measure transfer coefficients of plutonium,
americium, neptunium, curium and technetium from water, sediment and
food in a variety of marine species have been carried out using

radiotracers. Emphasis has been placed on the study of benthic species
which live in close contact with the sediments. Data from the sediment-
biota interaction studies are intended to serve as input parameters for
deep-sea disposal assessment models.

Results to date suggest that the relative bioavailability of various
long-lived radionuclides varies greatly with species and that food and
water are generally more effective vectors than sediments in transferring
these radionuclides to marine organisms. For example, the data in Fig. 2
depict the uptake of plutonium by several benthic species exposed to

contaminated sea-water. Note that final concentration factors vary by as
much as two orders of magnitude.

Starfish appear to be particularly good accumulators of transuranium
elements (Fig. 3). Furthermore, once accumulated the radionuclides are strongly

retained in the tissues, typical biological half-times for loss being on
the order of one year. It has also been postulated that starfish through
their feeding activities may "biomagnify" plutonium, that is reach higher

plutonium concentrations than those in their prey. However, recent

experimental work coupled with field measurements of plutonium and other
transuranic elements in their tissues indicate that most of the plutonium
in starfish tissues is taken up directly from water.

Interestingly, echinoderms show varying responses in their uptake to
different transuranic nuclides. For example asteroids and ophiuroids

exposed to transuranics in sea-water show a marked preference for plutonium
over americium, whereas the opposite response is true in the case of

14
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FIG.2. Concentration factors for plutonium uptake by marine species.

holothurians and sea urchins. Studies are underway to discern at what
level in the organisms discrimination takes place between these elements.

Similar work has recently been undertaken using the gamma-emitting
95m 99isotope Tc as an analogue for the long-lived radionuclide Tc. In most

species tested, Tc was taken up to a far lesser degree than transuranium
elements, one exception being polychaete worms. Furthermore, the degree of
uptake was strongly dependent upon the oxidation state; for example
pertechnetate (+7) reached higher levels in worms than the reduced forms
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FIG.3. Dissection of starfish.

(+H), however, the opposite response was noted with benthic amphipods.

Because of future projections of the importance of this radionuclide in high-
level and low-level wastes, work is continuing to examine its bioavailability
from deep sea sediments as well as its potential for transfer through various
oceanic food chains (see Marine Geochemistry).

Another component of the programme has aimed at elucidating the loci of

radionuclide concentration in various animal tissues. Under experimental
conditions high concentrations of plutonium and americium are found in the
hepatopancreas of many species. Biochemical characterizations have shown
that in the case of crab hepatopancreas, plutonium appears to be associated

with the low molecular weight protein fractions. Furthermore, a combination
of electron microscopy and autoradiography has indicated that much of the
plutonium and americium ingested by crabs becomes associated with micro-
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spherules of calcium phosphate which are distributed in various hepatopancreatic

cells. These observations suggest a possible transuranium nuclide storage and

excretion role for this tissue.
Current and future studies aim at delineating the relative

bioavailabilities of the various transuranic radionuclide fractions adsorbed

to the sediments compared to those in pore water and is being carried out in

collaboration with the Marine Geochemistry section.

(c) Lower trophic level studies
In late 1980 a new subproject was initiated which deals specifically

with the bioaccumulation of transuranics and other long-lived radionuclides
by marine phytoplankton. To assess the significance of phytoplankton in

food chain accumulation of these elements a rigorous experimental approach
is being used, whereby potentially critical environmental factors (e.g. ,
light, temperature, nutrients, dissolved organic carbon) are controlled and

their influences examined. As a first approach, studies are being carried
out on the accumulation of plutonium, americium, curium, neptunium and

technetium by several phytoplankton species under controlled laboratory
conditions. Axenic cultures of cosmopolitan species of centric and pennate

diatoms, dinoflagellates, blue-green algae, green algae, and coccolithophores

are being maintained in the Monaco Laboratory. Well-described methods for
studying uptake kinetics are employed for the monitoring of algal uptake of
various physical/chemical forms of these radionuclides. Parallel experiments

are focused on the transfer kinetics of these elements from the algal species
to various members of the pelagic Zooplankton.

2. The polonium-210 programme
It is well-established that marine organisms are, in general, subject

to natural radiation doses much larger than those received by man. For most
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marine organisms, the principal contribution to this dose comes from the
210naturally-occurring alpha-emitter Po, which is introduced into the ocean

210surface via a natural fall-out process involving its parent Fb. When
the hazards associated with the introduction of artifically-produced
radionuclides to the marine environment are assessed, comparison must be made
with the "baseline provided by the natural background levels; in marine

210organisms, it is clear that Po will be the most important contributor to
this baseline. The Monaco Laboratory has accordingly embarked on a programme

210which aims to study in detail the behaviour of Po in the marine biosphere.
210 210Preliminary studies involved a survey of Po and Pb in a benthic and

a pelagic food-chain. Concentration factors from sea-water to whole
Uanimals were approximately constant along both food-chains, being about 10

210 2 210 210for Po and 10 for Pb. Even higher Po concentrations were found,
consistently, in one organ, the marine hepatopancreas of cephalopoda and

210Crustacea. In the hepatopancreas of certain shrimps, the levels of Po
observed were striking indeed: they imply a typical natural radiation dose
to this organ of about ^0 rem/year in these animals. The natural radiation
dose received by human beings is generally considered to be about 0.1 rem/
year, with the human lung being the most exposed tissue at about O.U rem/
year - a dose 100 times lower than that received by a typical shrimp
hepatopancreas.

210Variations in the Po content of shrimp, and their hepatopancreas in
particular, have been investigated in some detail. The variations observed

are large, and on examination it is clear that they are explicable in terms
of marine biological factors. In particular, they are related to the food

supply of the species involved; for example, carid shrimp appear to be
210generally lower in Po than penaeid shrimp, and animals collected at the

surface lower than those collected at depth. Efforts are being made to
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acquire further sample material, from the deep sea in particular, to check
whether or not these trends can be firmly substantiated.

210Because Po is intimately associated with biological processes in
the ocean and also because of its convenient half-life of 138 days, the

isotope appears to have considerable potential as a "natural tracer" in marine
biology. Two sets of data illustrating this potential can be cited. In the
first case, an experiment was performed in which freshly-caught specimens of
the euphausiid Meganyctiphanes norvegica were maintained in the laboratory

210and fed on a diet abnormally low in Po. It was found that their
210hepatopancreas Po contents fell rapidly from their natural levels, and a
210turnover time of Po in the hepatopancreas of about 6h days was calculated.

210In the second case, the Po content of commercially-bought frozen squid
210were found to be strikingly low. Comparison with the Po levels in

freshly-caught squid from the same species resulted in an approximate

estimate of the time for which the commercial animals had been frozen; this
was found to be over two years.

At the same time the role played by the marine biosphere in the vertical
210oceanic transport of Po has been studied. Measurements on freshly-

collected Zooplankton faecal pellets have shown that these relatively large
210particles have Po concentrations comparable with those in the

hepatopancreas of the animals which produced them (again the euphausiid
M. norvegica); calculations show that faecal pellets must play a significant

210role in the removal of Po from the oceanic surface layer. Theoretical

calculations have been made of other potentially important biological flux-
routes, and particular attention is now being paid to two domains: (i) The

surface microlayer of sea-water (^ 100 ym thick) and the "neuston layer" in
the top few centimetres of the ocean. This "neuston layer" is rich in

biomass, bacteria and dead organisms, and regular collections of neuston
210material are being taken and analysed for Po. Results to date suggest
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p"! Qthat Po reflects seasonal variations in biological activity. (ii) The
210deep sea column. The apparently higher levels in Po in shrimp from

deeper waters have already been mentioned, and it is important to know
210whether or not increased Po is characteristic of all organisms from the

mid- and deep-water column. Further samples are being obtained in order to
answer this question, and the implications for the deep-sea transport of

Po are being studied.
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MARINE CHEMISTRY

1. Chemical behaviour of radionuclides in the sea

One of the major objectives in the marine chemistry studies in the
Laboratory has been to -understand the chemical behaviour of various radio-
nuclides introduced into the marine environment as a result of man's activity.

90 137While the chemical behaviour of some fission products such as Sr, Cs ,
etc. has been fairly well-studied on a world-wide basis, the behaviour of the
transuranic nuclides is not so well understood due to the scarcity of
comprehensive studies and data. The Laboratory has pursued a number of
systema
239+2UO

238systematic studies of the fate of transuranic nuclides such as Pu,
Pu, Pu and Am during the past several years to overcome part of

this gap in our information. Some of these investigations were carried out
in the Mediterranean Sea.

Although the Mediterranean Sea differs in some ways when compared with
other oceans, the advantages of the Mediterranean as a study area are
multiple: the enclosed feature of the sea simplifies the geochemical budget
considerations for radionuclide behaviour; the general circulation patterns

of water masses have already been well studied; chemical interactions between
radionuclides and suspended matter appear to be more straightforward than in
other oceans due to less primary productivity, lack of tidal influence, less
flushing of fresh water, etc.

During the 1979-1980 period, the measurements of 13TCs, 238Pu, 239+2̂ °pu
and Am on a number of samples collected during several cruises (Fig. U)
conducted in previous years in the western as well as eastern Mediterranean

have been completed. These samples include sea-water, rain water, river
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FIG. h. Deployment of sediment trap at sea.

water, suspended matter, organisms, sediments, etc. The results of these

measurements make it possible to follow the behaviour of various transuranic
elements from their input (river run-off and atmospheric fallout) to their
removal (sedimentation).

On the basis of the results of radionuclide measurements on rain samples

collected at Monaco in the course of 1978-79, the recent annual deposition
rates of major fallout nuclides through rain to the earth's surface were

_o i OY __p P^Restimated to be 351 ± ̂  pCi m for 'Cs, 0.18 ± 0.01 pCi m for Pu,
— ? ?"3Q+?HO —9 Pill^— —8.1 ± 0.1 pCi m for ^ Pu and 0.58 ± 0.02 pCi m for Am. Comparing

these values with those of dry fallout deposition measured also at Monaco,

the inputs by rain of these nuclides are estimated to represent more than

95% of the total atmospheric deposition. If it is assumed that the atmospheric
deposition at Monaco is representative of the Mediterranean region as a whole,

22



then the recent input rate through the atmosphere into the Mediterranean Sea
surface is computed to be 980 Ci y~ for Cs, 0.1*5 Ci y for Pu,

_n 2^Q+?liO -l20 Ci y for û* Pu and 1.5 Ci y for Am.
The measurements of fallout radionuclides in river waters and their

suspended matter collected seasonally from the Var and Rhône rivers during
1977 indicate that, although the concentrations of soluble fractions of
137 239+2̂ 0Cs , Pu, etc. are somewhat higher in the Rhône than in the Var,

—1even the elevated concentrations of soluble Cs (^ ho fCi 1 ) and
239+2̂ 0 -1Pu (^ 0.1 fCi 1 ) in the Rhône are much lower than the average
concentrations of these radionuclides in Mediterranean surface waters
(130 fCi l"1 for 13TCs and 1 fCi l"1 for 239 °Pu) . The concentrations

of the nuclides in suspended matter from the Rhône (^ 1000 fCi g for
Cs and ̂  15 fCi g for Pu) are higher by roughly an order of

-1 137 -1magnitude than those from the Var (^ 100 fCi g for Cs and ̂  2 fCi g
239+2UOfor Pu). Based on these data average Mediterranean input concen-

trations for radionuclides in the two rivers can be estimated. Assuming
that the annual average concentrations for the Rhône and the Var represent
those in radiologically "contaminated" (in the sense that nuclear installations
are located upstream) and "uncontaminated" Mediterranean rivers respectively,
then the total inputs of the radionuclides through rivers into the Mediterranean

_1 T -37 _i _Sea are estimated to be 32 Ci y for !Cs, 0.1 Ci y for Pu, 0.5 Ci y
2?Q+?UO —l 2̂ 4-1for Pu and 0.2 Ci y for Am (including inputs as suspended matter).

From comparisons of these inputs from rivers with those from fallout it is

clear that the river inputs are much less than those from fallout even with

the inclusion of inputs as suspended matter, which is likely to settle out
quickly in the estuarine areas. This suggests that, although local

accumulation of transuranic nuclides may be observed on sediments taken from
some limited estuarine areas, the geochemical budget of transuranic elements

in the Mediterranean, as a whole, is governed principally at the present
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time by the fallout input. Thus the behaviour of the fallout transuranics

in the marine environment can be considered to be representative of the long-

term fate of these radionuclides, in contrast to the short-term behaviour

observed in the vicinity of release areas, such as Windscale, La Hague, etc.
The measurements of transuranic nuclides in the Mediterranean water column

reveals that fractionation between plutonium and americium is taking place in

the upper layers of the Mediterranean Sea. Figs. 5 and 6 illustrate the
vertical distribution of 9+ Pu and Am, respectively, at various

locations (positions of the stations: M-?6, U3°32'N, OT°32'E; KN-05,

39°59'N, 12°01'E; KN-02, 3T°00'N, l8°59'E; AT-02, 32°5T'N, 31°56'E).

These figures show that the plutonium concentration maxima occur at
a- 250 m depth in all profiles given, while the americium concentration maxima

exist at ̂  500 m depth or deeper. The difference between the vertical
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distribution patterns of plutonium and americium is attributed to the

fractionation of plutonium from americium in the upper layers. Although the

precise mechanism for this fractionation is not yet understood, it is likely

that americium tends to associate to a greater degree with particles thus

being transported downward much quicker than is the case with plutonium.

The different affinity of these two elements for particulate matter is
believed to be related to the different oxidation states of plutonium and
americium as well as the characteristics of the various particles involved

in the transport processes. Studies on the oxidation states of plutonium in

rain water and sea-water are in progress.

2. Development of radiochemical methods and intercalibration of radionuclide
measurements

Although methods for the analysis of ' radionuclides in waste effluents
and nuclear materials already exist, the adaptation of these methods to the
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FIG.T. Sequential procedure for analysis of plutonium and americium in
marine environmental samples.

low-levels which occur in environmental materials involves extensive
development work. A sequential procedure for separating low-level

plutonium and americium from bulk environmental materials has been developed
in the International Laboratory of Marine Radioactivity at Monaco (ILMR)

using anion-exchange processes in a methanol-acid medium. A schematic flow
sheet of these procedures is given in Fig. 7- This method has proved to be
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satisfactory in the analysis of several types of environmental matrices
containing low-level concentrations of transuranic elements. In addition,

99radiochemical procedures for measuring low-level Tc in environmental samples

have "been developed on the "basis of the application of solvent extraction

procedures on Tc(VIl). The decontamination factors for this technique for
typical activation and fission prodcuts such as Mn, Co, Ru-Rh, Ce,

h 6etc. have been found to be in the range of 10 -10 . It is expected that
these methods will be useful for future environmental radioactivity studies.

During the past several years a series of intercalibration exercises has
been organized by the Laboratory to ensure the comparability of radionuclide
measurements performed by different national laboratories on marine
environmental samples. The intercalibration exercises for three sea-water
samples, three sediment samples and four marine biological samples were

completed by the end of 1980 with the participation of approximately 100
laboratories from more than 30 Member States.

Homogenous samples were first prepared in the Laboratory and distributed
to participating laboratories throughout the world. The analytical results

reported by the different laboratories were critically reviewed in the
Laboratory. The results of the survey have revealed that although the
comparability of measurements of fission products has considerably improved
in recent years, probably due to the developments in gamma-spectrometry with
Ge(Li) detectors, the comparability of low-level transuranic measurements has

been less satisfactory. This suggests that analytical problems encountered
in low-level transuranic measurements have not yet been resolved. Therefore,
the intercalibration efforts during 1979-1900 have focused on these measurements.

In Tables 1 and 2 the results are given of homogeneity tests carried out
at ILMR on the sediment samples SD-B-2 and SD-B-3, respectively, both of which
were collected from the release areas in India by the Bhabha Atomic Research
Centre, Bombay. These results show that repeated analysis of the SD-B-3 sample
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Table 1

Results

Bottle
No.

HN03 + HC1 leaching

136
61
ffl

II

136
100
61
136

max.H
142
136
142
136
6411

135 min.

Av.

of transuranic

239+240pu
(fCi/g-dry)

(3 times)

110 max.
90
116
166
110
111
119
134
186
105
108
125
130
140
143
125 min.
88

120 + 30

measurements

238,,Pu
(fCi/g-dry)

66
49
54
53
47
42
58
52
64
47
41
53
57
48
43
40
63
52 + 8

on SD-B-2 (Monaco data)

241.Am
(fCi/g-dry)

-
-
-

min. 43
-
-
-
52
47
-
49
45
54
45

min. 43
max. 58

48+5

244„Cm
(fCi/g-dry)

-
-
-
14
-
-
-
—

max. 17
-
-
13
13

min. 10
13
14
14+2

HNO + HC10A + HF dissolution

64 max.11
M

165n
135
165
135»
165
135n
165»
135u
" min.
165

224
218 max.
195
181
187
192
171
223
201
196
214
181
209
169
197
176
160 min.
199

104
131
86
90
104
98
87
117
106
93
108
96
107
108
98
112
78
121

141
-
-
—
-
-
97
-
144

min. 96
100
-
-
110
101
120
138

max. 151

26
-
-
_
-
—
-
_
_
24

min . 14
_
-
_
_
17
19

max . 34
Av. 190 + 20 100 + 10 120 + 20 22 + 7
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Table 2

Results of transuranic

Bottle
No.

HNO +HC1 leaching (3 times)

70
119
119
119
70 max.
135 min.
112
112
135
135
112

Av.

HN00+HC10. + HF dissolution3 4
112

if
141 min.

ii
n
n
11 max .
ii

measurements on SD-B-3 (Monaco

239+240pu
(fCi/g-dry)

675
676
674
676
705
604
621
641
668
643
656

660 + 30

660
618
603
624
611
624
746
640

238̂Pu
(fCi/g-dry)

30
max. 37

22
29 max.
18
20
23
36
23
25 min.

min. 17

25 + 7

20
max. 25

18 max.
24
17

min. 16
max. 25 min.

21

data)

241 *Am
(fCi/g-dry)

170
-
150
183
-
-
-
160
145
144
-

160 + 20

156
-
184
-
169
-
136
173

Av. 640 +50 2 1 + 4 160 + 20
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with different leaching procedures (Table 1' ) did not yield any significant
differences, while the complete dissolution procedures for the SD-B-2 sample
gave significantly higher values than did the aqua regia leaching (Table 2).
This proves that there exist some sediment samples from release areas in which

transuranic radionuclides are bound much more tightly than in usual sediment
samples. In any case, the levels of the radionuclides in these sediment
samples are much higher than those encountered in areas remote from the points

of radioactive effluent releases.

Through the experience gained during the intercalibration operations it
has become evident that there is a universal need for easy accessibility to
reference materials, in which the concentration levels of radionuclides are
similar to those normally encountered in the marine environment. At present
the preparation of large batches of homogenous biological and sediment samples
containing these low-level concentrations of certain radionuclides is in
progress to fulfil this need.
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MARINE GEOCHEMISTRY/SEDIMENTO LOGY

1. Marine dumping of radioactive wastes

During October 1900 a new section was created in the Monaco Laboratory
to undertake geochemical research specifically related to the questions arising
from the dumping of radioactive wastes in the oceans. There is a growing

interest in the practice and potential of disposing of low- and medium-activity

wastes in deep-ocean basins, and in the so-far unexploited use of oceanic
sediments as a natural barrier for high-activity wastes. In view of this
situation, the geochemistry programme at Monaco has embarked on several
projects aimed at a better understanding of the behaviour of long-lived
radionuclides in the deep ocean, and the provision of data which can be used

in current and future océanographie models to predict the pathways and extent
of the return of dumped radionuclides back to man through marine ecosystems.

The pathways by which radionuclides can move through the oceans and
return to man are complicated, and quantitative information is often lacking
on the processes involved. Fig. 8 shows the simplest representation of the

barriers and pathways which would exist between high-level waste deposited
into deep-sea sediments and man. An important point is the concept of the

deep-sea sediments acting as a natural barrier to delay and perhaps prevent
radionuclides from reaching the marine food chains; this topic is discussed
further below.

In formulating the new research programme of this section, the needs of
the OECD/WEA scientific programme in relation to the N.B. Atlantic dumpsite
have been considered. The staff of the Monaco Laboratory have already taken

an active part in the planning of the OECD/NEA research requirements, the
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FIG.8. Representation of barriers and pathways for deep ocean radioactive
waste to man.

revision of the IAEA safety series document dealing with radioactive waste

disposal into the sea, and the GESAMP modelling of the marine behaviour of
radioactive wastes. The Monaco research will also play an important role in
fulfilling the IAEA's commitments to various international conventions and

treaties e.g. the London Dumping Convention (1972) and the Barcelona
Convention (1975).

(a) Long-lived radionuclide uptake and phase partitioning in
marine sediments

Marine sediments, especially those from deep-ocean environments, are
important in the determination of the behaviour and availability of long-
lived transuranic radionuclides in dumped wastes. Waste, which may escape
from containers deposited or buried on the sea-floor, will eventually interact

with the surrounding sediments. A programme of work has been started to study
how long-lived radionuclides (Pu, Am, Cm, Np, Tc) are adsorbed onto a variety

of deep-sea sediments, and the manner in which these substances are associated
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FIG.9. Distribution coefficient (Kd-activity/g solid:activity/g pore water
of technetium) between solid and pore water phases of a marine
sediment (oxic) as a function of time.

with the different geochemical phases of the sediments. The first part
involves experimental work, while the latter employs sediments contaminated
with fallout and waste radionuclides. Fig. 9 shows as an example the

partitioning of technicium (in two oxidation states) between that adsorbed
onto solid mineral phases and dissolved associated pore water as a function

of time after introduction into a sediment. The fission product technicium
is of great significance in the long-term programe of nuclear waste disposal
because of the very long half life of Tc (2.1 x 10 years). The data in

U+Fig.10 show that even in a matter of weeks, the more strongly adsorbed Tc
form oxidizes, is released to solution in the pore water, and achieves a

7+similar distribution to Tc . Relative to o'ther long-lived radionuclides, e.g.
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FIG.10. Uptake of technetium by Tapes decussatus from marine sediment as a
function of time (CF - concentration factor Tc in wet tissue/g:
Tc in wet sediment/g).

Pu, Np, Am, technician is very poorly adsorbed onto sediments and has an
enhanced potential for migration through pore waters into the marine ecosystem.

The information from these studies will provide useful data on the extent
and the nature of the ability of marine sediments to act as a barrier in the
return of long-lived radionuclides to sea-water and biological pathways. This

information will be of direct use to océanographie models of waste behaviour.

(b) Sediment-animal transfer of long-lived radionuclides
Sediments contaminated by dumped.waste may act as a direct source of

contamination to the benthic animals which live and feed in or on the seabed.
In order to study this problem, co-operative research with the Laboratory's

Marine Biology section has been undertaken. Laboratory experiments have been
designed and are now being conducted to evaluate the uptake, tissue
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Tc

TcT+
77-9$
82.6$

11.5$
12.1$

distribution and loss of long-lived radionuclides by various benthic
organisms. Quantitative measurements on sediment/animal radionuclide
interactions are lacking at present, but the present studies will provide

data which is of direct use in the modelling and prediction of waste radio-
nuclide transfer to the marine biosphere. Fig.10 shows some initial results
from part of this new programme. Here, the uptake of technicium in its two

oxidation states (+k and +7) by Tapes decussatus from labelled sediment is

illustrated. The tissue distributions of technicium in this organism are

Table 3

U+ 7+Mean Tissue Distribution of Tc and Tc in the
Mollusc Tapes decussatus

Shell Soft tissue Palliai fluid, etc.

10.6$

5.3$

also presented in Table 3. The difference between the uptake of the two
forms of technicium from sediment is not great, and the enrichment factors
are very small. The tissue distribution data indicate that most of the
technicium is not incorporated in the soft body tissues, but is adsorbed onto
the shells of these organisms.

(c) Migration rates of transuranics in marine sediments
If, in the future, high-level wastes are dumped by burial within deep-

sea sediments, then the rates of migration through sediments by diffusion,

advection, etc., are important information for predicting return rates to man.
The scant information now available suggests that these rates of migration
may be very small in most sediments, and are certainly difficult to measure in
the deep-ocean environment. However, using profiles of fallout and effluent
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radionuclid.es in near-shore sediments it may be possible to predict the range
of the migration rates which should occur in pelagic deposits. The geochemistry/

sedimentology programme at the Laboratory will attempt to measure these rates
and also to identify stable element analogues for the transuranics which will

assist with the problematical deep-sea measurements on transuranics themselves.
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ENVIRONMENTAL STUDIES

1. Baseline and intercalibration studies

(a) Chlorinated hydrocarbon levels in the Mediterranean
To acquire "baseline data on the distribution of chlorinated hydrocarbon

compounds in the open Mediterranean environment, a survey has "been conducted
with the financial support from UNEP. A number of sea-water, sediment and biota

samples were collected (Fig.11) from wide areas covering practically the entire

Mediterranean. In the analytical operations the emphasis was placed on

eliminating the contamination problems inherent in studies of this kind.
Individual species of pelagic organisms were analysed, so that geographical
and inter-species trends in chlorinated hydrocarbon levels would be apparent.

The scope of the project was to assess the level of chlorinated hydrocarbon

pollution in the principal basins of the open Mediterranean and to compare

levels in the open sea with those in coastal regions. Results obtained by

1980 showed that, except for certain local "hot-spots", chlorinated hydrocarbon

levels in the open Mediterranean tended, generally, to be similar to, or lower
than, those reported for other oceanic areas.

The intercalibration exercises for chlorinated hydrocarbon measurements

on sea-water, marine biota and sediments were also organized by the Laboratory
with the support of UEEP. Approximately 50 laboratories throughout the world

have participated in these intercalibration exercises. Examination of these
results shows that, although the spread of the reported values for chlorinated

hydrocarbons is generally wider than that for trace metals due to the inherently

lower reproducibility of the chlorinated hydrocarbon measurements, the

comparability of the results reported by different laboratories is better than
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FIG.11. Plankton sampling.

expected, except for a few compounds such as alpha-BHC, gamma-BHC, etc.

Considering the fact that a number of participating laboratories have only
recently "begun environmental measurement programmes, considerable improvement

in the comparability of the results is expected in the future, as long as

appropriate means of analytical quality control are maintained. In addition

to the intercalibration programme described above, the Laboratory served as
one of the lead laboratories in the intercalibration exercise for chlorinated

hydrocarbon measurements in sea-water, organized by UNESCO-IOC at Bermuda in

January 1980.

(b) Trace metals levels in the Mediterranean
With the financial support of UNEP, studies on the baseline distribution

of trace metals in the open Mediterranean Sea have been carried out. During
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FIG.12. Anodic stripping voltameter.

several cruises in 1977-1979 a number of sea-water and sediment samples were
collected from the western as well as eastern parts of the open Mediterranean
Sea. For the purposes of comparison with the open sea, a limited number of
coastal stations were also included. The determination of copper, zinc,

cadmium and mercury was performed by anodic stripping voltametry for sea-water
samples (Fig.12) and by atomic absorption spectrophotometry for the sediments.

By the end of 1980 a review of these measurements indicated that, although there

exist some "hot spots" for trace metal levels measured in certain coastal
regions, the levels in open Mediterranean waters are not much different from
those reported for other "enclosed" seas such as the Worth Sea, the Irish
Sea and the Baltic Sea. These results indicate, therefore, that trace metal
pollution of the Mediterranean is not yet widespread.
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FIG.13. Preparation of intercalibration samples.

Several intercalibration exercises of trace element measurements on marine

biological samples have been organized "by the Laboratory in order to assist
with the analytical quality control of these measurements made by institutions
in the Member States presently engaged in marine pollution studies. These

operations were also supported by UNEP funds. Approximately 120 laboratories
from 35 Member States participated in these intercalibration exercises. By

1980 four marine biological samples (oyster, copepods, sea plant and fish flesh
(Fig.13) had been distributed and analysed by the participating laboratories.

A survey of these results shows that, in general, the comparability of
analytical results reported by different laboratories are better than expected,
except in the case of lead (Pb) measurements.

Since trace metal analyses of sea-water samples still pose serious
contamination problems, a small-scale interlaboratory comparison of these
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measurements was organized during 1979-1980 jointly by the Laboratory, the

Marine Station of the University of Paris at Villefranche and the

Analytical Service of the French Atomic Energy Commission at Fontenay-aux-Roses.
During the joint sampling operations several improvements towards clean
collection techniques have been achieved, although the contamination problems
have not yet been completely overcome. Further improvements are sought by

installing clean operation cells on board ship for future operations.

2. Eiogoechemical cycles of non-nuclear pollutants
During the period 1978-1980 studies on the biogeochemical cycles of non-

nuclear pollutants continued in collaboration with the Marine Biology

section as part of the UNEP-sponsored Mediterranean Action Plan. The overall
philosophy of the study has been twofold. The first step was to gather as
much information as possible on levels and fluxes of pollutants in biological
components of the open Mediterranean in order that a complete model of the

biogeochemical cycles of these substances can be elaborated. These steps are
considered to be essential in any attempt to assess pollutant mass balance in

oceanic systems. Second, these data are intended to supplement and enhance

those presently being gathered on levels in selected marine species in the

coastal areas. Furthermore, to supplement the field data, various laboratory
studies were also undertaken to gain information on the biokinetic behaviour
of select heavy metals and chlorinated hydrocarbons in typical Mediterranean

species. The biological aspects of the open Mediterranean biogeochemical
studies were carried out in the framework of the following four distinct
subprojects:

(a) Baseline measurements of heavy metals and chlorinated hydrocarbons
in pelagic organisms from the open Mediterranean Sea.

During the period 1978-80, pelagic organisms ranging in size from plankton

to tuna were analysed (Fig.lM for selected trace elements and chlorinated
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FIG.lit. Dissection of shellfish for pesticide analysis.

hydrocarbon compounds either at the Monaco Laboratory or by the "Demokritos"

Nuclear Research Center in Greece. Large Zooplankton and small nekton from both
western and eastern basins were sorted according to individual species thus

allowing realistic comparisons to be made between levels in similar species

inhabiting different areas. Broadly speaking, if one considers trace element

concentrations in all the species examined from any area within the open

Mediterranean, no general regional differences in contaminant levels were
evident. On the other hand, comparisons of concentrations in certain

individual pelagic groups or species did suggest regional variations in levels

of some metals. For example, mercury levels in mixed microplankton were

generally low averaging approximately U6 ppb dry (range 15-116 ppb) for the

entire Mediterranean. There was a slight tendency toward lower values

(X = 28 ppb) in the Levantine basin, however, the differences between areas
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were not statistically significant (P < 0.05). The measured heavy metal
concentrations in Mediterranean pelagic species have been compared vith those
in similar species from other geographical areas. Although direct comparisons
of this nature are difficult to make, considering the data at hand there

appears to "be no evidence of higher metal loads in any of the Mediterranean
species examined in these open sea surveys.

Far fewer data exist for chlorinated hydrocarbon residues in open
Mediterranean biota. Analyses for PCBs and ZDDT in seven separate mixed

microplankton samples from the southern Levantine basin gave values that
ranged from 15 to 230 ppb dry and 12 to 85 ppb dry, respectively. These
ranges are similar to those which have been measured for euphausiids from
both the eastern and central Mediterranean basins. It has also been found
that euphausiids from the eastern basin showed slightly higher EDDT/PCB
ratios than the same species from the central region. This observation is
thought to be due to a greater relative decrease in £ DDT levels compared to
PCB concentrations in going from the central to the eastern region. Where
representative plankton and nekton food chains have been sampled from a

single water mass, no evidence has been noted for biomagnification of these

compounds at higher trophic levels. Furthermore, comparisons of these data
with those from surveys taken outside the Mediterranean suggest that DDT and
PCB levels in pelagic biota from the Mediterranean are similar or slightly
lower than values reported for other geographical regions.

(b) Vertical flux of trace elements and chlorinated hydrocarbons
In order to assess the rate at which pollutants sediment-out of the

Mediterranean, vertical flux studies have been undertaken by utilizing both

in situ measurements and analyses of freshly-produced biogenic particulates
which constitute a large fraction of the particulates trapped at depth.
Sediment traps have been deployed for periods up to two weeks at various
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depths off Monaco. The material is quantified for mass flux calculations
and analysed for several heavy metals and organochlorine compounds. At the

same time shipboard collections of freshly-produced biogenic particulates are
made using pelagic organisms which were residing in the water column directly
over the traps. Pollutant concentrations in this "source" material are

compared with those in material trapped at depth in order to estimate the rate

at which certain pollutants are remineralized from biogenic particles as they
sink.

Examination of the material trapped in the particle collectors show that
at various times throughout the year, faecal pellets comprise a relatively
large fraction of the sample. Trace metal concentrations in these particulates

are relatively high and the fluxes of metals associated with biogenic debris
are found to vary seasonally. Furthermore, metal flux appears to be dependent

upon both particulate flux and metal concentration in the particulates.
Concentrations of metals in trapped particulates (primarily faecal pellets)

at 100 m compare well with levels in freshly-produced faecal pellets from

copepods sampled directly over the sediment traps.
Like metals, PCB residues are also effectively removed from the surface

layers by rapidly-sinking particulates. As an example Table U gives the

particulate flux through 100 m depth in the Ligurian Sea measured during a

five-month period as well as the PCB concentrations in the trapped
particulates. The decrease in particulate flux during the summer months
correlated well with an overall decrease in phytoplankton biomass and organic
aggregates known to occur in this region. The average PCB flux through 100 m,

-2 -1103 yg PCB m y , computed for this period of the year were very close
—2 —1to independent estimates (80-125 pg PCB m y ) which have been calculated

from PCB levels measured in sediments from the area under study. Furthermore

it is noteworthy that in all cases particulates collected at 100 m contained
somewhat less PCB than was present in faecal pellets released .from surface-
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Table h
Estimates of vertical
in the Ligurian Sea

Date

6/78

7/78
8/78
10/78

Particulate PCB
yg kg-1 dry

650
300
710
200

PCB flux through

Mass flux
g m~2d~l

0.77
0.6U
O.liO

0.77

100 m

PCB flux
yg m-2 -1

183
70

10)4

56

X = 103

dwelling organisms. This observation suggests that PCBs may be partially
released from faecal matter as it sinks.

The presence of relatively high levels of heavy metals and PCBs in both
sinking faecal matter collected in situ and freshly-excreted faecal pellets

highlights the importance of Zooplankton metabolic activities in contributing
to the downward vertical transport of these contaminants in the Mediterranean
Sea.

(c) Heavy metal biokinetic studies

To gain information about the flux of important trace elements through

marine organisms, the biokinetic behaviour of vanadium and arsenic was examined
in several Mediterranean benthic species. These two elements were chosen for

study on the basis of both their recognized potential as marine pollutants and
the fact that few data are available about their transfer through the biosphere.

Bioaccumulation, tissue distribution and depuration as a function of
various exogenous environmental factors were studied in Mediterranean mussels

(Mytilus galloprovincialis) and shrimp (Lysmata seticaudata) with the aid of
Ik U8the radiotracers As and V. Uptake of both elements was dependent upon

their concentration in sea-water. Increased temperature strongly enhanced the
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accumulation of arsenic but had little effect on vanadium absorption. Arsenic

tended to accumulate in the organisms' internal tissues whereas vanadium was
found associated with the outer hard parts such as shell and exoskeleton.
Regardless of uptake pathway both elements were firmly bound to tissues as
evidenced by biological half-times ranging from one to three months. Results

from food chain experiments have led to the conclusion that food is most
likely the predominant pathway for the uptake of both trace elements in nature.

Parallel experiments with plankton also have attempted to evaluate the

potential for fractionation of different chemical species of arsenic by marine
organisms. Preliminary studies with phytoplankton have shown that arsenate is
rapidly metabolized to a form extractable with the lipids. Using Dunaliella
as the primary producer in a three component food chain it has been shown that
this lipid-associated arsenic compound is transferred efficiently to a
herbivore (Artemia salina), and subsequently to a carnivorous shrimp. It

also appears that Artemia and shrimp alone cannot mobilize inorganic arsenic
into the lipid fraction; arsenate absorbed directly from sea-water by these
organisms is converted largely to arsenite.

The output from these studies will be instrumental in establishing flux
rates for trace elements in the biotic component of the Mediterranean

biogeochemical cycle and in supplying fundamental data for future studies on
the effects of these contaminants on aquatic species.

(d) Chlorinated hydrocarbon biokinetic studies
Several different experiments were designed to assess the bioaccumulation

potential, tissue distribution and depuration of PCB available from water, food
and sediments (Fig.15). In order to test the bioavailability of sediment-bound
PCB, comparisons were made of the accumulation of a PCB mixture from sediments

and from water by benthic worms (Nereis diversicolor). Uptake from sediments

was dose-dependent, attaining equilibrium concentration factors of
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FIG.15. Determination of PCBs by gas chromâtography.

approximately 3 to k after two months. Subsequent PCB elimination rates were

concentration-dependent, with higher initial loss rates evident in the worms

containing higher levels of PCBs. Accumulation of PCBs from water was much
more rapid; concentration factors reached approximately 800 after only two

weeks. Estimates were made of the relative importance of sediments and water

as a source of PCBs to worms exposed to these contaminants in the natural

environment. Calculations based on experimentally-derived PCB concentration

factors and ambient PCB levels in sediments and water suggest that compared

to water, sediments contribute the bulk of these compounds to the worms.

The influence of uptake pathway on PCB accumulation and tissue distribution

was examined by allowing shrimp (Lysmata seticaudata) to accumulate DP-5 from

either food or sea-water and analysing their tissues during a period of one

month. Regardless of the uptake pathway the relative tissue distribution
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was similar. The viscera which includes the hepatopancreas reached the highest
levels. Concentrations of PCB in viscera were over an order of magnitude

higher than those in exoskeleton and muscle suggesting that surface sorption
plays a minor role in the accumulation of PCB from water by shrimp. Despite

the fact that PCBs were rapidly absorbed into internal tissues, molted
exoskeletons contained significant amounts of these compounds. Concentration

3 kfactors in molts as high as 10 to 10 clearly illustrate the importance of
crustacean molting as a process for redistributing PCBs in the marine
environment. These experiments demonstrate the ease with which PCBs are

transferred from the environment to benthic shrimp.
In another set of experiments using Mediterranean mussels (Mytilus

galloprovincialis), the influence of natural offshore water and laboratory
conditions (running sea-water aquaria) on PCB depuration from tissues was

examined. Mussels were first exposed to contaminated sea-water for several

weeks, after which time concentrations in their soft parts reached

160 ± 67 ppm PCB. During subsequent depuration the ratio of PCB in laboratory

mussels to those maintained in situ increased from 1.0 at the start to 10 at

71 days, indicating a much more rapid loss of PCB from mussels living in the
natural environment. The significance of this difference is at present
unresolved since the PCB concentrations in offshore and laboratory sea-water

varied by almost one order of magnitude. Additional experiments have been
initiated in order to discern if the difference is due to varying PCB

concentrations in the water or is a result of enhanced metabolism in the group
living under optimal conditions.
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ENGINEERING SERVICES

Two distinct activities constitute the engineering service provided

by the Laboratory. Under contract with the United Nations Environment
Programme the Laboratory installs and services equipment being provided or

in use under the UNEP Regional Seas Programme. The second activity is an
in-house activity and consists of the maintenance of all electronic and
counting equipment in addition to the provision of advice and consultations
concerning the state of the art and acquisition of new equipment. The two
activities are described separately.

1. Principal laboratory activities

(a) Alpha spectrometry

During the period 1979-1980 the Laboratory's programme in the marine

behaviour of transuranic elements has necessitated a substantial increase in
our capacity to carry out alpha-spectrometry. An additional l6 alpha

detectors (Ortec-576), complete with the necessary spectrometer, multiplexer
and print-out facilities (Ortec 7000 Series - Data Acquisition and Analyser

System 7010) have been purchased and installed (Fig.l6). In part these detectors
have replaced some which were damaged as a result of a serious failure in the air

conditioning system of the counting room which occurred in the summer of 1979-
A total of 2^ alpha spectrometry systems are now in continuous operation

on a 2U-hour day basis to meet the analytical demands. Further additions are

necessary to fulfil programme requirements and will be obtained as resources
become available.
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FIG.16. Counting laboratory at Monaco showing alpha spectrometers.

(b) Gamma spectrometry

The Laboratory possesses a single Ge(Li) gamma spectrometry system and
several additional gamma detection systems which are used mainly in tracer
studies with gamma active nuclides. Two multichannel analysers (intertechnique)

which have rendered excellent service for a period of 13 years have recently
been replaced by a single Enertec/Schlumberger-Cosynus 60A model. Two

detectors are linked through the multiplexer to the Cosynus 60A and an

additional two detectors will be acquired in 1981 to be used with the same

analyser. A Digital Decwriter IV is employed for data output.

(c) Beta and additional counting systems

A low-background anti-coincidence beta counting system (Berkeley
Nucleonics Model AP-2H) donated by the US Government has continued to provide

uninterrupted service as has the Packard Tri Garb liquid scintillation counter.

50



FIG.IT- Maintenance of UNEP instruments.

Three low-background alpha counting systems have been revised during the
past year using modular equipment for the programme in natural radioactivity.

(d) Air conditioning

All radiation counting equipment is housed in one room which is air

conditioned and temperature controlled. The location of the Laboratory,
immediately overlooking the sea and facing south, has led to severe

difficulties of corrosion and temperature control. In December 1979 a severe
breakdown of the air conditioning system necessitated its replacement by a

more powerful Westinghouse System. Apart from minor difficulties the new
equipment has operated without difficulty throughout the humid summer months
of 1980.

51



2. UNEP instrument maintenance services
The Laboratory continued to provide installation, maintenance (Fig.17) and

emergency service during 1979 and 1980 to the majority of the research centres
involved in the pollution studies under the UNEP-sponsored Mediterranean
Action Plan (see Table 5 )• This activity of the Laboratory began in 1976 with

Table 5

Make and Location of the Research Centres serviced
during the Mediterranean Action Plan - Phase I

1. Marine Biological Station, Institute of Biology, University of Ljubljana
2. Centre for Marine Research, Rudjer Boskovic Institute, Rovinj , Yugoslavia

3. Marine Sciences Department, Middle East Technical University,
Erdemli-Icel, Mersin, Turkey

h. General Chemical State Laboratories, Division of Research, Athens, Greece

5. University of Athens, Athens, Greece
6. Institute of Océanographie and Fisheries Research, Athens, Greece

7. University of Thessaloniki, Analytical Chemistry Laboratory,
Thessaloniki, Greece

8. Centre de Recherches Océanographiques et des Pêches, Alger, Algeria

9- Fisheries Department, Ministry of Agriculture and Natural Resources,
Nicosia, Cyprus

10. Israel Océanographie and Limnological Research Ltd., Haifa, Israel

11. Hydrobiological Research Institute, Faculty of Science, University of
Istanbul, Istanbul, Turkey

12. Institute of Hydrobiology, Faculty of Science, Ege University, Izmir, Turkey

13. University of Malta, Msida, Malta
lU. Institut Scientifique des Pêches Maritime, Casablanca, Morocco

15- Institute National Scientifique et Technique d'Océanographie et de
Pêche, Salambo, Tunisia

16. Institute of Oceanography and Fisheries, Mediterranean Branch,
Kayet-Bey, Alexandria, Egypt

17. Centre for Postgraduate Studies, University of Alexandria, Alexandria, Egypt
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Table 6

Types of Instruments installed and serviced during
the Mediterranean Action Plan - Phase I

Type Location

1. AAS 1250, Varian Rovinj, Yugoslavia
Portoroz, Yugoslavia
Erdemli-Icel, Turkey
Izmir, Turkey
Msida, Malta
Haifa, Israel
Salambo, Tunisia
Alger, Algeria
Casablanca, Morocco
Nicosia, Cyprus
Alexandria, Egypt

2. AAS 175, Varian Alexandria, Egypt

3. AAS AA-6, Varian Erdemli-Icel, Turkey

h. AAS Hilger & Watts, Atomspek H1550 Istanbul, Turkey

5. GC 2750, Varian Rovinj, Yugoslavia
Portoroz, Yugoslavia
Erdemli-Icel, Turkey
Istanbul, Turkey
Alexandria, Egypt

6. GC 3700 Varian Nicosia, Cyprus
Msida, Malta
Casablanca, Morocco

7. GC Becker-Packard, Mod. Erdemli-Icel

8. GC 18UO, Varian Haifa, Israel

9. Coleman, Mercury Analyser, MAS-50 Athens, Greece

10. 512-Channel Analyser, Nuclear Chicago Rovinj, Yugoslavia
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Table 6 (ctd)

Type Location

11. Echosounder Furuno, FG-20, Mark 3 Rovinj, Yugoslavia

12. Auto-Gamma Sample Changer, Nuclear Chicago Rovinj, Yugoslavia

13. Turner, Spectrofluorometer Nicosia, Cyprus
Haifa, Israel
Alexandria, Egypt

Aanderaa, Current Meter Athens, Greece;
Haifa, Israel
Rovinj, Yugoslavia
Msida, Malta
Erdemli-Icel, Turkey

the installation of a gas Chromatograph- and an atomic absorption

spectrophotometer at Porterez, Yugoslavia, with further installations of

similar instruments being carried out throughout the Mediterranean region in
1977 and 1978. A listing of the various instruments supplied and serviced
in the research centres is given in Table 6.

54



APPENDICES



APPENDIX 1

STAFF LIST OF THE MONACO LABORATORY

Professional

S.R. Aston
T. Barisic
K.A. Burns
R.D. Cherry
D. Elder
N.S. Fisher
S.W. Fowler
R. Fukai
J . C . Guary
L. Huynh-Ngoc
C.L. Osterberg
G.G. Polikarpov
M. The in
A. Walt on
D.S. Woodhead

General Service

F . Avaullée
S. Ballestra
G . Benayoun
M. Blessington
J. Galliot
M. Heyraud
E. Illes
M. Komoszynski
J. La Rosa
M. Macpherson
P. Miramand
B. Oregioni

UK
Yugoslavia
USA
South Africa
USA
USA
USA
Japan
France
France
USA
USSR
Burma
Canada
UK

France
France
France
UK
France
France
Ireland
France
France
UK
France
Italy

Geochemistry
UNEP - Engineering Services
Chemistry
Biology
Environmental Studies
Biology
Biology
Chemistry
Biology
Chemistry
Director (Until June 1979)
Environmental Studies
Chemistry
Director
Environmental Studies

Engineering Services
Chemistry
Environmental Studies/Biology
Secretariat
Engineering Services
Biology
Secretariat
Biology/Chemistry
Biology
Secretariat
Biology
Chemistry/Geochemistry
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M. Oregioni
P. Parsi
C. Pearce
C. Sunderland
D. Vas
J.P. Villeneuve

France
France
UK
France
France
France

UNEP - Secrétariat
Environmental Studies/Geochemistry
UïïEP - Biology
Secretariat
Chemistry
Environmental Studies/Chemistry
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APPENDIX 2

PUBLICATIONS BY STAFF MEMBERS

1979

.OREGIONI, B.
HUYNH-NGOC, L.
FUKAI, R.

FOWLER, S.W.
LA ROSA, J.
UNLU, M.Y.
OREGIONI, B.
VILLENEUVE, J.P.
ELDER, D.L.
FUKAI, R.
VALLON, D.
BOISSON, M.

HUYNH-NGOC, L.
FUKAI, R.

MIRAMAND, P.
GUARY, J.C.
FOWLER, S.W.

POLIKARPOV, G.G.
ELDER, D.L.
FOWLER, S.W.
BENAYOUN, G.
PARSI, P.
VILLENEUVE, J.P.

UNLU, M.Y.
FOWLER, S.W.

FOWLER, S.W.
SMALL, L.F.
ELDER, D.L.
UNLU, M.Y.

FUKAI, R.
ELDER, D.L.
OREGIONI, B.
VAS, D.
VILLENEUVE, J.P.

Mediterranean rivers as sources of
trace metals in coastal waters.

Heavy metals and chlorinated hydro-
carbons in pelagic organisms from
open Mediterranean Sea.

Levels of trace metals in open
Mediterranean surface waters. A
summary report.

Bioaccumulation from water and
elimination of vanadium in selected
marine invertebrates.
Sediments, water and food chains as
sources of chlorinated hydrocarbons
for benthic organisms in the
Mediterranean Sea.

Arsenic flux through mussels and
shrimp.

IVes Journées Etud.
Pollutions, C.I.E.S.M.,
PP. 71-75.
TVes Journées Etud.
Pollutions, C.I.E.S.M.,
pp. 155-158.

IVes Journées Etud.
Pollutions, C.I.E.S.M.,
pp. 171-175-
IVes Journées Etud.
Pollutions, C.I.E.S.M.,
pp. 277-279.
IVes Journées Etud.
Pollutions, C.I.E.S.M.,
pp. 281-28H.

TVes Journées Etud.
Pollutions, C.I.E.S.M.,
pp. 285-287.

The role of Zooplankton fecal pellets IVes Journées Etud.
in transporting PCBs from the upper Pollutions, C.I.E.S.M.,
mixed layer to the benthos. pp. 289-291.

Mediterranean intercalibration of IVes Journées Etud.
trace element and chlorinated hydro- Pollutions, C.I.E.S.M.,
carbon measurements. pp. 595-598.

59



WRENCH, J.J.
FOWLER, S.W.
UHLU, M.Y.

FUKAI, R.
HOLM, E.
BALLESTRA, S.

UNLU, M.Y.
FOWLER, S.W.

SMALL, L.F.
FOWLER, S.W.
UNLU, M.Y.

ELDER, D.L.
FOWLER, S.W.
POLIKARPOV, G.G.

HEYRAUD, M.
CHERRY, R.D.

POLIKARPOV, G.G.
OREGIONI, B.
PARCHAVSKAYA, D.
BENAYOUN, G.

HOLM, E.
BALLESTRA, S.
FUKAI, R.

HEYRAUD, M.

Arsenic metabolism in a marine food
chain.

A note on vertical distribution of
plutonium and americium in the
Mediterranean Sea.

Factors affecting the flux of
arsenic through the mussel Mytilus
galloprovincialis.
Sinking rates of natural copepod
fecal pellets.

Mar. Pollut. Bull.,
10, pp. 20-2U.

Oceanol. Act a, 2_,
pp. 129-132.

Mar. Biol., 51,
pp. 209-219-

Mar. Biol., 51,
pp. 233-2̂ 1.

Remobilization of sediment-associated Bull. Environm. Contam.
PCBs by the worm Nereis diversicolor. Toxicol., 21,

pp. 1̂ 8-1*52.

Polonium-210 and lead-210 in marine Mar. Biol., 52,
food chains. pp. 227-236.

Body burden of chromium, copper, Mar. Biol., 53,
cadmium and lead in neustonic copepod pp. 79-82.
Anomalocera patersoni (Pontellidae)
collected from the Mediterranean.

A method for ion-exchange separation Talanta, 26,
of low-level americium in environ- pp. 791-79̂ -
mental materials.

Food ingestion and digestive transit
time in the euphausiid
Meganyctiphanes norvegica as a
function of animal size.

J. of Plank. Res. , I_,
pp. 301-311.

1980
GUARY, J.C.
NEGREL, R.

FUKAI, R.

MIRAMAND, P.
GUARY, J.C.
FOWLER, S.W.

JENNINGS, C.D.
FOWLER, S.W.

Plutonium and iron association with
metal-binding proteins in the crab
Cancer pagarus (L).

Input of lead into the Mediterranean
through rivers.

Vanadium transfer in the mussel
Mytilus galloprovincialis.

Uptake of Fe from contaminated
sediments by the polychaete Nereis
diversicolor.

J. exp. mar. Biol.
Ecol., k2, pp. 87-98.

Lead in the Marine
Environment, Pergamon
Press Oxford s New York,
pp. 1U9-153.
Mar. Biol., 56,
pp. 281-293.

Mar. Biol., 56,
pp. 277-280.
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THEIN, M.
BALLESTRA, S.
YAMATO, A.
FUKAI, R.

HOLM, E.
BALLESTRA, S.
FUKAI, R.
BEASLEY, T.M.

MIRAMAND, P.
GUARY, J.C.

FUKAI, R.
HOLM, E.
BALLESTRA, S.

FUKAI, R.
BALLESTRA, S.
VAS, D.

BENAYOUN, G.
FOWLER, S.W.

SMITH, J.N.
WALTON, A.

Delivery of transuranic elements "by
rain to the Mediterranean Sea.

Particulate plutonium and americium
in Mediterranean surface waters.

High concentrations of some heavy
metals in tissues of the
Mediterranean octopus.

Pu in the Mediterranean Sea.

Distribution of cesium-137 in the
Mediterranean Sea.

Long-term observation on the
moulting frequency of the shrimp
Lysmata seticaudata.

Sediment accumulation rates and
geochronologies measured in the
Saguenay Fjord using the Pb-210
dating method.

Geoch. Cosmochim. Acta,
kk_, pp. 1091-1097.

Oceanol. Acta, _3_,
pp. 157-160.

Bull. Environm. Contam.
Toxicol., 2k,
pp. 783-788.

Isotope Mar. Chem.
Uchida Rokakuho Pub.
Co. Ltd., Tokyo,
pp. 1-8.
Management of Environm.,
Wiley Eastern Ltd.,
New Delhi, Bangalore,
Bombay, Calcutta,
pp. 352-360.

Mar. Biol. , 59.,
pp. 219-223.

Geoch. Cosmochim. Acta,
kk, pp. 225-2̂ 0.
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APPENDIX 3

PAPERS AND REPORTS PRESENTED AT MEETINGS AND CONFERENCES

Theory and application of atomic absorption spectrophotometers (T. Barisic)
18-20 January 1979 , Institute of Oceanography, Alexandria, Egypt.
Intercalibration of transuranic measurements on marine sediment samples
(R. Fukai, M. Thein, S. Ballestra and A. Yamato) presented by M. Thein at
the Research Coordination Meeting on Transuranic Cycling Behaviour in the
Marine Environment, 20-23 February 1979» Monaco.
A method for ion-exchange separation of low levels of americium in
environmental materials (E. Holm, S. Ballestra and R. Fukai) presented by
S. Ballestra at the Research Coordination Meeting on Transuranic Cycling
Behaviour in the Marine Environment, 20-23 February 1979 , Monaco.

Pu in the Mediterranean Sea (R. Fukai, E. Holm and S. Ballestra)
presented by E. Holm at the Research Coordination Meeting on Transuranic
Cycling Behaviour in the Marine Environment, 20-23 February 1979 , Monaco.
Assessing pollution in the Mediterranean Sea. Pollutants and their
ecotoxicological significance for European regions, VI Session of European
Environmental Summer School, 28 May-8 June 1979 5 Julich, Germany.
Transuranic elements in the Mediterranean Sea - summary report in 1979
(R. Fukai, M. Thein and S. Ballestra) presented by M. Thein at 21st National
Congress of Italian Association for Radioprotection, 16-19 October 1979»
Palermo, Italy.

Distribution of cesium-137 in the Mediterranean Sea (R. Fukai, S. Ballestra
and D. Vas) presented at the International Seminar on Management of
Environment, 11-15 February 1980, Bombay, India.

Biologically-transformed zinc and its availability for bioaccumulation by
marine organisms (S.W. Fowler and M. Heyraud) International Seminar on
Management of the Environment, 11-15 February 1900, Bombay, India.

Delivery of transuranic elements by rain to the Mediterranean Sea (M. Thein,
S. Ballestra, A. Yamato and R. Fukai) presented by M. Thein at the Research
Coordination Meeting on Transuranic Cycling Behaviour in the Marine
Environment, 17-20 March 1980, Cadarache, France.
Particulate plutonium and americium in Mediterranean surface waters (E. Holm,
S. Ballestra, R. Fukai and T.M. Beasley) presented by R. Fukai at the
Research Coordination Meeting on Transuranic Cycling Behaviour in the Marine
Environment, 17-20 March 1980, Cadarache, France.

62



Speciation of plutonium in the Mediterranean environment (R. Fukai, A. Yamato,
M. Thein and H. Bilinski) presented by R. Fukai at the Joint CEC/IAEA
Technical Meeting on Behaviour of Transuranics in the Aquatic Environment
and Sediment-Water Exchanges, 2H-28 March 1900, Ispra, Italy.

Vertical distribution of transuranic nuclides in the eastern Mediterranean
Sea (R. Fukai, S. Ballestra and M. Thein) presented by S. Ballestra at the
Joint CEC/IAEA Technical Meeting on Behaviour of Transuranics in the
Aquatic Environment and Sediment-Water Exchanges, 2̂ -28 March 1980, Ispra,
Italy.
Interlaboratory comparison of the determination of trace metals in seawater
(R. Fukai et al.) presented by L. Huynh-Ngoc at the 6th International
Symposium on Chemistry of the Mediterranean, 5-10 May 1980, Rovinj,
Yugoslavia.
Neustonic communities: their role in pollutant flux at the air-sea interface
(S.W. Fowler) presented at GESAMP Working Group on Review of the Health of
the Oceans, 10-18 July, Kristineberg, Sweden.
Biogenic particles: their role in flux and element recycling processes in
the sea (S.W. Fowler) presented at GESAMP Working Group on Review of the
Health of the Oceans, 10-18 July 1980, Kristineberg, Sweden.
Pollutant bioaccumulâtion and redistribution processes in the benthos
(S.W. Fowler) presented at GESAMP Working Group on Review of the Health of
the Oceans, 10-18 July 1980, Kristineberg, Sweden.
Input of transuranic elements through rivers into the Mediterranean Sea
(R. Fukai, S. Ballestra, M. Thein and J. Guion) presented by S. Ballestra
at the IAEA/NBA International Symposium on the Impacts of Radionuclide
Releases into the Marine Environment, 6-10 October 1980, Vienna, Austria.

Comparative studies on transuranium nuclide kinetics in sediment-dwelling
invertebrates (M.C. Grille, J.C. Guary, S.W. Fowler) presented at Symposium
on Impacts of Radionuclide Releases into the Marine Environment,
6-10 October 1980, IAEA, Vienna.
Experimental studies on the bioavailability of technetium in selected marine
organisms (S.W. Fowler, G. Benayoun, P. Parsi, M.W.A. Essa, E.H. Schulte)
presented at Symposium on Impacts of Radionuclide Releases into the Marine
Environment, 6-10 October 1980, IAEA, Vienna.
Distribution of different chemical forms of lead in Mediterranean sediments
(B. Oregioni and R. Fukai) presented at the 5th Joint ICSEM/UNEP Workshop on
Pollution of the Mediterranean, 9-13 October 1980, Cagliari, Italy.
Distribution of polychlorinated biphenyls in seawater and sediments from the
open Mediterranean Sea (J.P. Villeneuve, D.L. Elder and R. Fukai) presented
at the 5th Joint ICSEM/UNEP Workshop on Pollution of the Mediterranean,
9-13 October 1980, Cagliari, Italy.
Particulate transuranic elements in the eastern Mediterranean Sea (S. Ballestra,
M. Thein and R. Fukai) presented by R. Fukai at the 5th Joint ICSEM/UNEP
Workshop on Pollution of the Mediterranean, 9-13 October 1980, Cagliari, Italy.
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Variations des concentrations de Cu, Fe, Zn, Mn, Cd and V dans les principaux
organs de Mullus barbatus Linné au course du cycle sexuel. Résultats
préliminaires (M. Lafaurie, P. Miramand, J.C. Guary, S.W. Fowler) presented
at ICSEM/UNEP 5th Workshop on Marine Pollution, 9-13 October 1980, Cagliari,
Italy.
Behaviour and fate of technetium in marine biota (S.W. Fovler, G. Benayoun,
P. Parsi, M.W.A. Essa, E.H. Schulte) presented at XXV I It h Congress and
Plenary Assembly of ICSEM Marine Radioactivity Committee, 13-18 October 1980,
Cagliari, Italy.

237Transferts de Pu, Am et Cm a partir de l'eau de mer chez des
invertebrates benthiques des substrats meubles (J.C. Guary, M.C. Grillo,
S.W. Fowler) presented at XXVIIth Congress and Plenary Assembly of ICSEM,
Marine Radioactivity Committee, 13-18 October 1980, Cagliari, Italy.
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APPENDIX 4

CONSULTANTS TO THE MONACO LABORATORY (1967-80)

1967

Ei sma, D.
v.d. Wilk, E.

1969
Davies, A.G.
Gilat, E.
Goldberg, E.

1970
Antonini-Kane, J.
Miettinen, J.K.
Pucar, Z.
Small, L.F.

1972
Barney, J.
Daws on, R.
Guegueniat, P.
Mancy, K.H.
Small, L.F.

1973
Asari, K.
Cherry, R.D.
Holt, S.F.

197J*
Edwards, L.

1975
Harvey, G.R.

1977
Cherry, R.D.
Young, D.R.

Netherlands
Netherlands

UK
Israel
USA

UK
Finland
Yugoslavia
USA

USA
UK
France
USA
USA

Japan
South Africa
UK

USA

USA

South Africa
USA
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1978
Eisler, R.
1979
Ancellin, A.
Bilinski, H.
Grauby, A.
Harley, J.
Holm, E.
Jennings, C.D.
Petroschuk, N.
Popova, A.
Yamamoto, Y.
Zei, M.

1980
Bewers, J.M.
Chesselet, R.
Cruzado, A.
Jeftic, L.
Juracic, J.
Gomez, L.
Greenhalgh, G.
Krishnasvami, S.
Livingston, H.
Okamoto, K.
Oren, 0.
Palmork, K.
Phillips, D.J.H.
Pravdic, V.
Smith, J.D.

USA

France
Yugoslavia
France
USA
Sweden
USA
USSR
USSR
Japan
Yugoslavia

Canada
France
Spain
Yugoslavia
Yugoslavia
USA
UK
India
USA
Australia
Israel
Norway
Hong Kong
Yugoslavia
Australia
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APPENDIX 5

FELLOWSHIPS/STAGIAIRES (1903-80)

1963
Erickson, P.

1969
Muzzarelli, R.
Ohmomo , Y .
Oster"berg, C.
Unlu, Y.
Vaz Carreiro, M.C.

19TO
Marazovic, L.

1972
Mayneord, L.
Mominthra, M.

19T3
Meinke, S.
Patin, M.

Ben Bas sat, H.
Cambon , J . P .
Mahdavi , A .

1976

Fossato, V.U.
Jennings, C.D.
Khemis, L.
Risnik, N.

1977
Bonnet , S .
BoespfTug, M.
Du j imov , J .
Kouy oum j i an , H.H.
Rivière, Y.

Canada

Italy
Japan
USA
Yugoslavia
Portugal

Yugoslavia

UK
Thailand

USA
USSR

Israel
France
Iran

Italy
USA
Tunisia
Ukrainian SSR

France
France
Yugoslavia
Lebanon
France
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19T8
Dubibe, J.M. France
Grimonet, J. France
Jeandel, C. France
Mariette, V. France

1978

Ravid, R. Israel
Smodlaka, N. Yugoslavia
Sublet, A. Switzerland
Unlu, Y. Turkey
Wrench, J.J. UK
Ximenes, M.C. France
Yamato, A. Japan

1979
Basturk, 0. Turkey
Essa, M.W.A. Egypt
Grille, M.C. Monaco
Planinc, R. Yugoslavia
Staresinic, N. TTO"
Zafiropoulos, ]

1980

USA
D. Greece

Bordalo Costa, M.M. Portugal
Essa, M.W.A. Egypt
Guerrin, G. France
Grillo, M.C. Monaco
Santos, F. Philippines
Zampini, M. France
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APPENDIX 6

MEMBERSHIP OF COMMITTEES, TASK FORCES AND
WORKING GROUPS

United Nations
1. GESAMP Health of the Oceans (W.G.)
2. GESAMP Sea Disposal Studies (W.G.)
3. GESAMP IAEA Océanographie Model (W.G.)
k. GESAMP Main Committee
5. UNEP Inter-Agency Advisory Committee (Mediterranean)
6. UNEP Inter-Agency Advisory Committee (Kuwait)

IAEA

7. Safety Series No. 5 (W.G.)
8. Symposium - Impact of Radionuclide Releases to Oceans (Committee)
9. Co-ordinated Research Programme - Transuranic Elements in Oceans
10. Secretariat Committee on the Critical Assessment of the Future of the

Monaco Laboratory
OECD-NEA

11. Scientific Programme for the North Atlantic Dump Site
CIESM

12. Marine Radioactivity Committee
13. Marine Chemistry Committee
Ik. Marine Pollution Committee

USA
15. US Sub Sea Bed Disposal Program - Biological Studies Committee

Canada

16. National Marine Analytical Chemistry Standards Committee
UK
17- Co-ordinating Group on Environmental Radioactivity
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APPENDIX 7

DEGREES, ETC. OBTAINED BY STAFF MEMBERS

1. S. Ballestra

2. J.C. Guary

3. P. Miramand

3. B. Oregioni

Doctorat d'Etat - Sciences
Université de Nice

Doctorat d'Etat - Sciences
Université de Marseille

Doctorat de 3e Cycle - Ecologie
Générale et Appliquée
Université de Montpellier

Doctorat de 3e Cycle - Chimie
Moléculaire
Université de Nice
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