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1. General Aspects of the Laboratory Operations

1.1 Status of the Laboratory

The International Laboratory of Marine Radioactivity operates under a
tripartite agreement between the International Atomic Energy Agency, the
Government of the Principality of Monaco and the Océanographie Institute
(Paris) at Monaco. The original agreement was signed in 1961 covering a
period of 3 years, and then renewed for 5 years in 1964, and for a further
period of 6 years in 1969 and 1975 respectively. Thus the last agreement
renewed in 1975 expired 31 December 1980. In February 1981 the Board of
Governors of the IAEA authorized the Director General to negotiate and
conclude with the partners of the tripartite agreement a further extension
not exceeding three years (from 30 June 1981).

At that time the Board was informed of the Laboratory's operating
difficulties due to a shortage of space, and of the intention of the
Monégasque authorities to give careful consideration to these difficulties
and to possible solutions. The Director General was requested to report to
the Board in June 1982 on these matters and on the future operation of the
Laboratory. Following a Board decision in June 1981, the tripartite
agreement was extended for a further period of 3 years and a draft
scientific programme for the Laboratory covering the period 1983-88 was
submitted to the Scientific Advisory Committee in December 1981.
Meanwhile, several international organizations, such as the
Intergovernmental Océanographie Commission (IOC) of the United Nations
Educational, Scientific and Cultural Organization (UNESCO), the United
Nations Environment Programme (UNEP) and the Food and Agriculture
Organization of the United Nations (FAO), were invited to give their views
on the future programme of the Laboratory and a number of Member States
were approached in order to ascertain what assistance they could provide
for the operation of the Laboratory.

In November and December 1981, and in January 1982, meetings were
held at ministerial levels with the Monégasque authorities, who have, on
several occasions, expressed their desire to keep the Laboratory in
Monaco and to negotiate a new seat agreement which would accommodate the
Laboratory on a more permanent basis. At the Board Meeting in June 1982,
the Board authorized the Director General to negotiate and conclude a seat
agreement covering the arrangement for a long-term status for the
Laboratory, the draft of which should be examined at the Board Meeting to
be held in June 1984.



1.2 Laboratory premises

During a visit to the Laboratory at Monaco on 26 April 1982 Board
members were informed by a representative of the Government of Monaco that
the Principality is committed to providing new facilities for the
Laboratory. The provision of new and adequate premises, for which
alternative locations were indicated, would require a period of time
extending beyond the expiry date of the present tripartite agreement
(30 June 1984). For the interim period the Government of Monaco has
offered, in a letter dated the 25 March 1982, on a temporary basis,
additional cost-free laboratory and storage space in separate premises so
as to relieve current difficulties. At the Board Meeting in June 1982, the
Board authorized the Director General to negotiate and conclude with the
Government of Monaco arrangements for the provision of additional space in
accordance with the above offer. Following this decision a proposal by the
Monégasque authorities to locate an additional laboratory space of

2approximately 350 m in the building "Aigue Marine at Fontvieille and
2warehouse space of 70 m along the Old Port of Monaco was accepted and the

construction work for these laboratories was started in September 1982.
The work was almost completed at the end of 1982 and the non-nuclear
activities of the Laboratory are expected to be transferred to the new
premises and be operational in early 1983. Thus, the space problem in the
Laboratory which has lasted for several years has just been relieved and
the Laboratory is able to operate in 1983 with approximately 50% more space
(in addition to the 7̂00 m already available in the Océanographie
Museum). This makes it possible for the Laboratory to accept more experts
and fellowships/trainees from Member States in the domain of marine
environmental radioactivity studies as well as in non-nuclear pollutant
studies.

1.3 Staffing of the Laboratory

A list of .the staff of the Laboratory during 1981-1982 is given in
Appendix 1.

During this period Dr. A. Walton (from Canada), who devoted his
efforts to solving the problems of the laboratory space and setting up a
new scientific group for geochemistry, completed his service with the IAEA
with considerable success and left the Laboratory in July 1982. Shortly
after, Dr. R. Fukai (from Japan) replaced Dr. Walton. While Dr. R. Cherry
(from South Africa) of the Biology Group left the Laboratory in June 1982,
Dr. R. Bojanowski (from Poland) joined the Chemistry Group in the same
month. Although there were some changes in the General Service Staff, the
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number of temporary staff tended to gradually increase during 1981-1982 in
order to fulfill the newly committed tasks by the Laboratory to other
international organizations like UNEP, IOC/UNESCO, and also to fill the
gaps of man-power caused by the rather long time that elapsed for
recruiting replacements for vacant posts. Most of the temporary staff were
funded by external sources. Even though the number of temporary staff is
increasing in order to fulfill specific tasks for external organizations
committed by the Laboratory, it is felt necessary to add some posts of the
Laboratory's own General Service Staff to achieve equitable balance between
the numbers of Professional and General Service Staff.

As shown in Appendix 1 the Laboratory received a number of scientific
experts, IAEA fellows and student trainees from various Member States.

1.4 Scientific programmes and the structure of the Laboratory

During 1981, a draft scientific programme for the Laboratory covering
the period 1983-1988 was developed and this was submitted to the Scientific
Advisory Committee (SAC) of the IAEA in December 1981.

After the endorsement of the proposed programme by the SAC, a general
reorientation of the Laboratory's scientific objectives was established.

The programme focuses on problems related to:

(i) the assessment of the impacts of radionuclide releases into
the marine environment;

(ii) acquisition of scientific information required for evaluating
deep-sea radioactive waste disposal; and

(iii) the fate of non-nuclear pollutants in various regions of the
sea.

In addition SAC emphasized the importance of support activities such
as methods development and intercalibration of environmental radioactivity
measurements.

In order to carry out these scientific tasks efficiently, the
structure of the Laboratory was reformed at the beginning of 1981, and a
research group called "Geochemistry Group" was established in place of the
"Environmental Studies Group" which had been carrying out some of the
activities taken up by the "Geochemistry Group". Thus, the scientific
tasks are presently carried out by three groups, namely "Chemistry Group",

11



"Biology Group" and "Geochemistry Group". While these groups represent
scientific expertise of the technical personnel in the Laboratory, many
scientific programmes have been and will be conducted by inter-group
efforts. The achievement of these supporting and research activities are
described below, under the headings referring to the various programmes
rather than under structural groups. Many subjects, such as vertical
transport of transuranic elements, laboratory experiments on the
biokinetics of long-lived radionuclides, dealt with under Chapter 3 have a
close bearing on deep-sea radioactive waste disposal, which was described
under Chapter 4. In any case, scientific activities related to the
deep-sea radioactive waste disposal were substantially strengthened as a
whole during 1981-1982 period, not only by the creation of the
"Geochemistry Group" but also by readjustments of several research subjects
carried out by other Groups.

Most of the results of these studies were published in the open
literature. A list of the Laboratory's publications is given in Appendix
2. This list also includes publications for the studies which were
completed by staff members before joining the IAEA and published
afterwards. These are listed under " Related Publications" .

In addition to the Laboratory's own scientific programme, the
co-operation between the Laboratory and the Agency's other Divisions, such
as Division of Nuclear Fuel Cycle, Divisions of Nuclear Safety, has
continued to develop on various topics related to radioactivity in the
oceans and particularly marine waste disposal. The Laboratory assisted in
the revision of the Radiological Basis for IAEA Recommendations under the
London Dumping Convention, the revision of the Safety Series Report on the
Control of Radioactive Waste Disposal in the Marine Environment, through
its active participation in the corresponding Advisory Group Meetings and
Technical Committees (Appendix 3).

1.5 Technical assistance to developing countries

Since nuclear power is gradually becoming a more important means of
electricity production in developing countries, environmental monitoring
related to nuclear power production also becomes an urgent problem in these
countries in order to ensure the safe operation of power stations to the
public. The main difficulties encountered presently in these countries are
lack of qualified technical personnel. Thus, the largest on-going
technical assistance activity in the Laboratory is the training of
technical personnel qualified for environmental radioactivity monitoring
and research. As shown in Appendix 1 IAEA Fellowships in the
above-mentioned field were awarded for training in the Laboratory to
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Greece, Philippines, Portugal and Turkey. After returning to their home
countries these trained persons have been able to start new programmes on
environmental radioactivity, some of these being supported by the IAEA
funding.

Up until 1982, the main limiting factor for accepting trainees was
an available laboratory space. From 1983 on, with the laboratory space
being expanded, the number of trainees is expected to increase.
This also applies to the trainees to be sent to the Laboratory by using
UNEP funds in connection with various Regional Seas Programmes for training
in non-nuclear pollutant measurements.

As described in Chapter 6, consulting and advising missions on
environmental radioactivity monitoring were sent to Greece, Portugal and
Spain. Special pollution survey missions took place in Libya and Oman
within the framework of the Mediterranean Action Plan and the Kuwait Action
Plan, respectively.

1. 6 Collaboration with Member States

In the course of 1981, a number of Member States were approached to
give their views on the past and future activities of the Monaco Laboratory
and on what assistance they could provide for the operation of the
Laboratory. The response of the Member States was very positive. Many
Member States felt that the Laboratory has been doing useful work in
promoting and co-ordinating studies concerning marine radioactivity,
especially in supporting the analytical quality control service for
pollutant measurements and the co-ordinated research programmes on the
behaviour of radionuclides in the marine environment.

The intercalibration programme for radionuclide measurements as well
as for measurements of non-nuclear pollutants like heavy metals and
hydrocarbons continued in 1981-82 with active participation of a number of
national institutions. The Laboratory has been responsible especially for
organizing an intercalibration exercise of radionuclide measurements and
evaluating its results in the framework of the IAEA Co-ordinated Research
Programme on the "Study of Radioactive Materials in the Baltic Sea". The
intercalibration programmes for non-nuclear pollutant measurements were
also continued in the Mediterranean and Kuwait regions by using funds made
available to the Laboratory through UNEP from the Regional Trust Funds.

The IAEA Co-ordinated Research Programme on "Transuranic Cycling
Behaviour in the Marine Environment" in which the Laboratory participated
with several national institutions was completed in 1981. A Co-ordinated
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Research Programme on the "Behaviour of Long-lived Radionuclides
Associated with the Deep-Sea Waste Disposal of Radioactive Wastes" was
initiated for an initial period of three years in the course of 1981, and
the first meeting was held in November 1982 at Lisbon, Portugal. With
these Co-ordinated Research Programmes, scientific and technical
collaboration between the Laboratory and national institutions has been
substantially strengthened.

In order to further reinforce the scientific collaborations with
national institutions, the Laboratory staff took part in several seminars,
workshops, etc. organized at a national level as shown in Appendix 3.

1.7 Co-operation with other organizations

Several international organizations were contacted during 1981 about
their views on the future of the Laboratory and they expressed unreserved
support for the scientific programme of the Laboratory in both the nuclear
and non-nuclear fields.

With the United Nations Environment Programme (UNEP) an agreement for
co-operation on marine environmental problems was concluded in August
1981. Based on this agreement approximately $200,000 was received by the
Laboratory in 1982 for its assistance in non-nuclear work within the
framework of UNEP's Mediterranean Action Plan and also Kuwait Action Plan.
An Action Plan for West and Central Africa was also launched in summer
1982. In order to conduct these Regional Seas Programmes in collaboration
with UNEP and other international organizations, the Laboratory sent
representatives to a number of inter-agency meetings as listed in Appendix 3.

The Agency and the Intergovernmental Océanographie Commission of
UNESCO (IOC/UNESCO) signed a memorandum of understanding on marine
environmental protection in May 1982. The agreement provides the basis for
co-operation between the two organisations in studies of pollution in the
marine environment, intercalibration and training activities. A
UNESCO-financed fellowship has been established for the training of
scientific personnel from developing countries in marine sciences.

The Laboratory has also established co-operation with the Nuclear
Energy Agency of the Organization for Economical Co-operation and
Development (NEA/OECD) on the scientific investigation of the NEA Northeast
Atlantic Dumpsite for Radioactive Wastes. A Laboratory representative
participated in the Executive Group Meeting for Research on Sea Disposal of
Radioactive Wastes and the Meeting of the Geochemistry Task Group within
the NEA Research and Surveillance Programme on Marine Dumping.
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1.8 Direct assistance received from Member States

In response to the Agency request to member states in June 1981, to
assist the operation of the Laboratory by offering personnel, equipment and
ship-time, the governments of Japan and Belgium sent experts to the
Laboratory to help in radiochemical and tracer experiments.

Fig. 1.1 Océanographie work on board R.V. Gauss under strong
Mistral, force 9-10.

In April 1982, the Government of the Federal Republic of Germany
offered their research vessel "Gauss" to be used for the Laboratory's
oceanographical work in the northwestern part of the Mediterranean, which
corresponds to the expenditure of approximately $70,000. A photograph of
the océanographie work performed by the Laboratory's Staff on board R.V.
"Gauss" is given in Figure 1.1. In addition, the same Government donated a
modern system for gamma-spectrometric measurement worth $80,000 to the
Laboratory. This system consists of a 8,192 channel multichannel analyzer
and a Ge(Li) detector, which incorporates a dedicated micro-processor and
floppy-disc units, and provides possibilities for high-resolution
gamma-spectroscopy in various projects. An overall view of the instrument
is shown in Figure 1.2.
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Fig. 1.2 High-resolution gamma-spectrometer.

As in the past, the Laboratory enjoyed during 1981-82 the continuing
support from the partners of the tripartite agreement, namely, a cash
contribution of approximately $100,000 from the Government of Monaco and
space, facilities, electricity and water from the Océanographie Institute
at Monaco.

These direct contributions to the Laboratory's programme not only
materially helped its execution but also morally encouraged the
Laboratory's personnel in continuing their devotion to scientific work.
All these contributions, which are essential for the existence of the
Laboratory, are cordially appreciated and acknowledged.
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2. Supporting Activities - Analytical Methods Development,
Intercalibration and Maintenance Services

2.1 Low-level measurement of americium in environmental matrices
(S. Ballestra and R. Fukai)

The results of several intercalibration exercises conducted in recent
years on the measurement of transuranic radionuclides demonstrate that the
determination of americium at low levels still poses serious analytical
problems to a number of laboratories. Although the method for americium
separation by extraction with HDEHP (di-2-ethylhexylphosphoric acid)
together with anion exchange in nitric and methanol medium, developed
previously in our laboratory (Holm et_ _al^, 1979), gives clean separation of
americium and curium from interfering alpha-emitters and lanthanides, the
radiochemical yield may sometimes be low owing to the effect of complex

PREVI OUS PROCEDURE

Stet

Am-fraction

NEW PROCEDURE

Stet

HDEHP
extr./back-extr.

Oxalate
coprecipitation

3.

DDCP

extr./back-extr.

Anion-exchange
in HNO3-CH3OH

medium

Differential elution
of Am and Cm

-spectrometry

Fig. 2.1 Schematic flow-chart for the proposed procedure in
comparison with that of the previous procedure.
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matrices, inadequate pH control for the extraction step, etc. A more
consistent recovery of americium has been achieved by extraction with DDCP
(dibutyl-N,N-diethylcarbamylphosphonate) in strong nitric acid medium
instead of the HDEHP extraction (Ballestra and Fukai, 1983).

The schematic flow chart for the proposed procedure in comparison
with that of the previous procedure is shown in Fig. 2.1. The critical
step for successful recovery of americium by the previous procedure was the
HDEHP extraction for which the pH of the solution had to be controlled at
2.3. Even if the pH is properly controlled, the solutions originating from
some samples, especially those from sediments, tend to start forming a
precipitate in this pH range, which may considerably lower the efficiency
of the HDEHP extraction of americium. Thus, the HDEHP extraction step has
been replaced by the additional steps, the oxalate precipitations and the
DDCP extraction.

The oxalate precipitation as the preliminary clean-up step eliminates
the bulk of alkaline-earth metals and Fe together with Al, Cr, Ni, etc.
and the two layer ion-exchange (cation- and anion-exchange column in 9M
HC1) removes traces of Fe, Pô, Th, U, Pu, etc. The removal of these traces
is further ensured by the DDCP extraction/stripping. The DDCP
extraction is very effective for decontaminating Pu and Th and allows the
use of a strong acid medium without the disturbing precipitate formation.

References

BALLESTRA, S., FUKAI, R. (1983). An improved radiochemical procedure for
low-level measurements of americium in environmental matrices,
Talanta, 30, pp. 45-48.

HOLM, E., BALLESTRA, S., FUKAI, R. (1979). A method for ion-exchange
separation of low levels of americium in environmental materials,
Talanta, 26, pp. 791-794.

2.2 A method for determining natural radionuclides in marine
environmental materials by ion-exchange and alpha-spectrometry
(R. Bojanowski, R. Fukai, S. Ballestra and H. Asari)

Comprehensive studies of natural radioactivity in the sea usually
involve measurements of a number of individual radionuclides in a large
series of seawater samples. Such analyses are often lengthy and laborious
since several separation steps must be applied to isolate the elements in a
radiochemically pure state and prepare them in the form suitable for
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Fig. 2.2 Analytical scheme for determination of natural
radionuclides in seawater.
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low-level alpha- and beta-counting. Unless the analyst is skilful and well
trained in radiochemical procedures, multi-element analysis of natural
radioactive elements by the existing methods is not an easy task. A method
was recently developed in our laboratory for sequential determination

.. _,, 21CL. 226D 228_ 234.., 234TT , 238IT . in , 3of Pb, Po, Ra, Ra, Th, U and U in 10 dm sea water
samples. Using larger volumes the range of elements analyzable by this2?8 230 232method can be extended to include Th, Th and Th.

The principle of the method is illustrated in Fig. 2.2 (Bojanowski et
al., 1983). The method is based on the co-precipitation of the
radionuclides with MnO~ and sequential separations on cation- and
anion-exchange resins. The separated elements are electro-deposited and
measured by alpha-spectrometry and/or low-level beta-counting. The
chemical yield is monitored in each sample for each element by an isotope
dilution method. The proposed procedure offers a number of advantages in
that the number of chemical operations has been reduced to a minimum,
reagents and labware are easily accessible, the use of dangerous chemicals
was eliminated and the analyses can be performed without difficulty in an
ordinary chemical laboratory with access to alpha-spectrometers and
low-level beta-counters. With only slight modification the method can be
applied to virtually all environmental samples. The method has been tested
on seawater samples collected on the "Gauss" cruise in April-May 1982 in
the Mediterranean Sea.

Reference

BOJANOWSKI, R., FUKAI, R., BALLESTRA, S., ASARI, H. (1983). Determination of
natural radioactive elements in marine environmental materials by
ion-exchange and alpha-spectrometry, "Proc. 4th Symp. on the
Determination of Radionuclides in Environmental and Biological
Materials", Laboratory of the Government Chemist, London, Paper No. 9.

2.3 Intercalibration of radionuclide measurements
(R. Fukai, M. Thein, R. Bojanowski, S. Ballestra, and D. Vas)

Following the practice of previous years, the Laboratory has been
engaged in the preparation and distribution of intercomparison and
reference samples of marine origin for radionuclide measurements and the
execution of intercalibration exercises.

Two series of intercalibration exercises on a seawater sample
(SW-N-1) and a sediment sample (SD-B-3) were organized during 1979-1981
within the framework of the IAEA Co-ordinated Research Programme on

20



0.40

1
.- 030
O
M—

E
_< 0.20
CNJ

0.10

0

r-

_

7

-

SW-N-1

j

y
j C
O

" £ l1
T

< 0.08

T

r
T Av

Lab. No.
1 2 3 4 5 6 7 S 9 10 11 12 13

3.0

i- 2.5
ü

£ 2.0
0

rvi

1 .\J

1.0

SW-N-1

- T J K
T r i

-

| Au

5 Q

5

Fig. 2.3 Results of transuranic measurements reported by participating
laboratories on an intercal ibration seawater sample, SW-N-1.

"Transuranic Cycling Behaviour in the Marine Environment". The results of
transuranic measurements on the SW-N-1 sample reported by the participating
institutions are illustrated in Fig. 2.3 (Fukai et al., 1982). These
results show that, while the comparability of Pu measurements is generally
satisfactory, improvements in comparability are required for Am in order to
obtain sensible conclusions. This indicates that the intercalibration of
transuranic nuclides should continue especially on low-level samples and241.on Am measurements.

Other series of intercalibration exercises for radionuclide
measurements are in progress, using another seawater sample SW-N-2
(collected from the North Sea by the German Hydrographie Institute,
Hamburg) and the sediment sample SD-N-1 (collected from the Rhine estuary
by the Delta Institute for Hydrobiological Research, Netherlands). The
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other sediment sample SD-N-2 (collected from a location close to that for
SD-N-1) is ready for distribution.

In August 1982 large amounts of seaweed Fucus vesiculosus were
collected in collaboration with the Radiation Physics Department of Lund
University, Sweden from a station located in the Swedish coastal zone,
influenced by the effluent of a nuclear power station. The homogeneity
test of the sample, coded as AG-B-1, is now in progress.

99An intercalibration exercise for Tc measurements was completed in
1981 using a seaweed sample AG-I-2 (collected from the Irish Sea by the
Fisheries Radiobiological Laboratory at Lowestoft, UK). (Thein et al.,99 — —1981). Although the concentration of Tc in this sample is much higher
than that in samples usually met with in the marine environment, the
results of the intercalibration showed that further improvements in99analytical methods are required for low-level measurements of Tc.

Finally, the SD-N-1 sample was specially tested for its homogeneity
with regard to natural radionuclides of Po, Pb, Ra, Th and U. An
intercalibration exercise for the measurement of these natural
radionuclides is in progress and is expected to be completed in 1983.
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2.4 Analytical methods development for trace metals in sediment samples
(S. Aston, B. Oregioni and J. Gastaud)

Existing methods for the determination of selected trace metals in a
variety of sediment matrices have been revised and improved. The methods
are based upon flameless atomic absorption spectrophotometry using a carbon
furnace for most elements. Attention has been given to digestion
procedures to ensure minimal interferences, and methods devised to ensure
that matrix problems are eliminated. This work is closely related to
selective leaching techniques for geochemical partitioning studies.
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Fig. 2.4 Automatized atomic absorption spectrometer.

The trace metal methods have been used in the preparation of
reference samples, and especially for checking the homogeneity of sediments
for international intercalibration exercises. In Fig. 2.4 a photograph of
the modern atomic absorption spectrometer system, newly acquired in 1982,
is shown.

2.5 Methods development and intercalibration of organic pollutants
(K. Burns and J.-P. Villeneuve)

The inventory of pollutants in the marine environment grows at an
ever increasing rate as the production and use of new chemicals expands and
residues from the industrial society make their way into the sea. Based on
experience in the analysis of marine samples for polychlorinated biphenyls
and chlorinated pesticides it was necessary to expand analytical capacities
to trace the biogeochemical cycles of a broader range of residual organic
pollutants. With the acquisition of high resolution gas chromatography
instruments and by refining preparative chemistry procedures, the
Laboratory can now quantify a variety of organic pollutants including the
polychlorinated biphenyls on an individual isomer basis, DDT, toxaphene,

23



lindane, HCB and other chlorinated hydrocarbon pesticides and petroleum
hydrocarbons in marine samples.

Responding to requests from the UNEP Regional Seas Programmes, the
Laboratory has formulated reference methods for the analysis of high
molecular weight halogenated hydrocarbons in marine sediments and seawater
(UNEP/IAEA, 1982a and 1982b). Testing and further evaluation of
methodology is being organized with the support of UNEP and with technical
input from the IOC's Group of Experts on Methods, Standards and
Intercalibration (GEMSI), in addition to experience gained in our research
activities.

The intercalibration exercises for analysis of chlorinated
hydrocarbons in three marine matrices (oyster, copepod, and fish tissue)
were completed in 1982. Results on the performance of participating
laboratories were communicated to UNEP for evaluation of monitoring data
generated during the MED POL Programme. Remaining samples are now
available as reference materials from the Monaco Laboratory with the
content of chlorinated hydrocarbons indicated in Table 2.1. Phase II of
the Programme commenced in early 1983 with the preparation of two new
matrices (marine sediment and mussel tissue). The Laboratory has also
participated in an intercalibration programme organized by the National
Research Council of Canada.

References

UNEP/IAEA (1982a). Determination of DDTs, PCBs, PCCs and other
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for Marine Pollution Studies No. 16, UNEP, Geneva, 8pp.
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2.6 Electronics and maintenance services (J. Galliot, F. Avaullee and
T. Barisic).

As in the past, the installation and maintenance of a number of
sophisticated electronic counting and measuring instruments as well as
laboratory facilities were continued during the 1981-82 period. This was
especially applicable during 1982 when a number of new instruments, such as
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Table 2.1 Reference materials available for chlorinated hydrocarbon analysis of marine matrices (December 1983)

Compound

Aroclor 1242

Aroclor 1254

Aroclor 1260

pp 'DDT

pp 'DDE

pp 'DDD

Aldrin

Dieldrin

a-BHC

Y-BHC

Reference Material

MA-M-l(OC) MA-A-l(OC)
(Oyster homogenate) (Copepod homogenate)

_1* ** _i* **
ng g + la ng g + la

120 50

340 60 140 70

_ _

7 0 2 0 8 5

7 0 4 0 6 5

5 0 2 0 6 6

8 8 1 5 2 0

7 3 7 3

- - 10 8

1 0 1 8 6

MA- A- 2 (OC)
(Fish flesh
homogenate)
ng g'1* + la**

-

3000 2000

4000 2000

300 200

300 200

300 200

9 5

-

20 10

30 10

Expressed on dry weight basis.

to
C/l

Standard error of the mean value.



a second system of alpha-spectrometers, a low-background beta-counter, a
microprocessor-operated gamma-spectrometer (a donation from the Government
of the Federal Republic of Germany), a modern atomic absorption
spectrometer, a high performance liquid Chromatograph, a fluorometer, etc.,
were installed. With an increased number of sophisticated instruments the
work load for their maintenance was also considerably increased.

Following the offer from the Monégasque Government and the decision
taken at the Board of Governors' Meeting in June 1982, the construction
work for installing new laboratories in temporary premises, located in the
"Aigue Marine" building at Fontvieille began in September 1982 (cf. Section
1.2). Precise requirements of laboratory installations such as
air-conditioning, water and electricity distribution, materials for walls
and floors, were identified in consultation with the Division of General
Services in Vienna and actual working plans and procedures were discussed
and adopted by the architects of the Monégasque Government.

In order to increase the efficiency of accounting and scientific
computations, a Wang LVP 2200 computer system was installed in May 1981.
The system's initial configuration included:

- CPU with 64K byte memory size;
- One 2M byte fixed Winchester hard disk;
- Floppy diskette drive for dual size double density diskette with the

capacity of IM byte;
- Two video terminals for input/output data; and
- One line printer.

The programmes were made to process the scientific data and to handle the
administrative files.

In December 1982 the system was upgraded as follows:
- CPU memory upgrade from 64K byte to 128K byte; and
- Winchester memory upgrade from 2M byte to 4M byte.

At the same time a Word Processor system consisting of one video terminal
and one letter quality daisy wheel printer (with twin sheet feeder) was
added to the LVP 2200 system. Thus, the preparation of scientific
manuscripts, reports, circular letters, etc. has been considerably
accelerated. In Fig. 2.5 (a) and (b) the photographs of the installations
are shown.
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Fig. 2.5 (a) above: A micro-computer system for scientific
calculation and accounting;

(b) below: A word-processor system.
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2.7 Instrument maintenance service for Mediterranean pollution monitoring
(T. Barisic)

Despite the fact that 1982 covered a transition period from the pilot
phase (Phase I) of UNEP's Joint Pollution Monitoring and Research Programme
in the Mediterranean Sea (MED POL) to its long-term execution phase (Phase
II), the support to national research centres through the common instrument
maintenance services was continued during the entire period of 1981-1982.
During this time, besides nine service visits to research centres in
Cyprus, Egypt, Morocco and Yugoslavia, the engineer stationed at the Monaco
Laboratory assisted in the implementation of technical aspects of projects
by attending specific technical meetings, supplying various spare parts and
materials requested by research centres and repairing parts of instruments
at Monaco.

In general, it was observed that the instruments, atomic absorption
spectrometers and gas chromatographs, distributed to many research centres
within the framework of the MED POL-Phase I projects, are becoming obsolete
either by heavy use or by bad laboratory conditions, especially prevalent
along the south coast of the Mediterranean Sea. In order to maintain the
good performance of the instruments, some of them will have to be replaced
in the near future. It is also necessary to verify the correct functioning
of all these instruments before the long-term monitoring programme goes
into full operation.
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3. Studies for Assessing the Impacts of Radionuclide
Releases into the Marine Environment

3.1 Chemical behaviour of transuranic elements in the marine environment
(R. Fukai, S. Ballestra, R. Bojanowski and D. Vas)

In order to understand the processes involved in the vertical
transport of transuranic elements in open ocean regions, the Monaco
Laboratory has been engaged for the past several years in determinations
f 238_ 239 + 24CL, , 241. . . , n ,of Pu, Pu and Am in various types of samples, such as

seawater, suspended matter, sediments, biota, collected mainly from the
Mediterranean region. The results of these measurements revealed several
characteristic features of vertical distribution of those radionuclides
within the water column, which are closely related to the hydrographical
and sedimentological conditions characteristic of the Mediterranean Sea
(Fukai at aJ., 1983).

During 1981-1982 the above studies were continued with emphasis on
sedimentation processes and the influence of river inputs. Various samples
were collected from the western Mediterranean during the cruises on board
R.V. "Suroit" (France, April 1981), R.V. "Corniche de Saavedra" (Spain,
October 1981) and R.V. "Gauss" (Federal Republic of Germany, April-May
1982), in which the staff of the Monaco Laboratory was able to participate.

Although the analyses of all samples collected during these cruises
have not yet been completed, the preliminary results indicate that the
characteristic vertical distribution of plutonium spreads over the most
part of the Mediterranean, but it is disturbed in areas close to the Rhone
estuary, probably due to the influence of complicated sedimentation process
and water movements prevailing in this area (Fukai et al., in press).

239+240 241In Table 3.1, the water column inventories of Pu and Am in
the western Mediterranean Sea are given. Although the values are variable
and associated uncertainties are large, the computed inventories indicate
that approximately 70% and 50% of the respective integrated

239+240 241atmospheric deliveries of Pu and Am at the latitudes of the
stations are still in the water column, except for a station located near
the Gibraltar Straits (St. CS-1A). This is consistent with the observation

241 239+240that Am is settling faster than Pu in the Mediterranean water
column (Fukai et^ al^. , 1979).
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, . - , „ , . . , 239 + 240 _, 241Table 3.1 Water column inventories of Pu and Am in
various locations in the western Mediterranean Sea

Station No.

Date of collection

Co-ordinates

Station depth

Fallout delivery
239+240n , _. , 2.Pu(nCi/m )
241 2Am(nCi/m )

Integrated activity
(0 - bottom)

239+240 , „. , 2. ,Pu(nCi/m ) *

241Am(nCi/m2) *

CS-1A

12 Oct. 1981

36°10'N
4°30'W

^1050 m

1.9+0.6

0.42+0.13

0.89+0.05
(47%)

0.09+_0.01
(21%)

SR-E

13 Apr. 1981

40°05'N
1°43'E

1650 m

2 . 0+0 . 5

0.44+0.11

1.54+0.07
(77%)

0.30+0.03
(68%)

SR-R1

9 Apr. 1981

42°30'N
4°45'E

1700 m

2.2+0.5

0.48+0.11

1.36+0.09
(62%)

0.23+0.02
(48%)

SR-R2

10 Apr. 1981

42°00'N
4°45'E

2250 m

2.2+0.5

0.48+0.11

1.42+0.10
(65%)

0.21+0.03
(48%)

Percentages are those of the integrated activity against the fallout delivery.

The preliminary results of the analyses of sediment core samples
241 239+240collected from the same area show that the Am/ Pu activity ratios

measured for top layers of these sediment cores are in a range of
0.5 - 2.0, which is much higher than those found in the water column (Fukai
ej^ al_. , 1979). This also indicates that Am is being deposited on the
sea-bottom at rates several times faster than Pu.
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3.2 Distribution of transuranic nuclides in the coastal ecosystems of
the northwestern Mediterranean (S. Ballestra, M. Thein, and R. Fukai)

Knowledge of the distribution of transuranic elements in various
components of marine ecosystems is essential in order to have a better
understanding of their behaviour in the marine environment. Meanwhile,
only a few data have been made available on the occurrence of the
transuranic nuclides in the Mediterranean marine biota or sediments. Thus,238 239+240 241measurements of Pu, Pu and Am were carried out on seawater,
sediments and biological samples collected from the coastal areas in the
northwestern Mediterranean during 1975-1978.

239+240 241In Table 3.2, the concentrations of Pu and Am in the soft
parts of mussels are presented with their relevant activity ratios
(Ballestra e_t^ al^. , in press). The range of concentration variations are

-1-respectively 0.06 - 0.61 fCi g for pu and 0.05 - 0.13 fCi g
for 241̂ ^ While the Pu/ Pu ratios for mussels collected away
from the Rhone show no significant difference from the average ratio for
the seawater around Monaco (0.05 + 0.01), the ratios for mussels collected
between St. 10 (Port de Bouc) and St. 12 (Grau du Roi) as well as from
Venice, tend to show higher ratios (Table 3.2). This is considered to
represent the effects of the Rhone or Po discharges, which contain
transuranics in different proportions from those of fallout, as the result
of the radioactive releases received from the nuclear installations located

241 239+240along both rivers. The Am/ Pu activity ratios observed, from 0.3241 239+240to 1.1, are higher than the fallout ratio. These higher Am/ Pu
ratios in mussels have already been reported on the west coast of the
U.S.A. (Goldberg et_ £l. , 1978) and they might be an indication of
preferential bio-accumulation of Am over ^u.

The activity concentrations of transuranic nuclides presented in this
work show that, even though the variations of absolute concentrations in
various environmental matrices are relatively large, the activity ratio
238 239+240Pu/ Pu could be used an as indicator for the detection of the
influence of the discharge of nuclear installations.
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Table 3.2 Concentrations of plutonium and americium in soft parts of mussels collected along the
Mediterranean coast

Station
No.

2
7
8
10
11
11
12
13
13
13
14

Location

Monaco
Saint Mandrier
Martlgues Ponteau
Port de Bouc
Port Saint-Louis
Port Saint-Louis
Grau du Roi
Sète
Sète
Sète (étang)
Banyuls
Venezia

Date of
collection

Nov.
June
June
June
June
May
June
June
May
May
June
May

'76
'76
'76
'76
'76
'77
'76
'76
'77
'77
'76
'77

239+24CLPu
(fCi g'1)*

0.39+0
0.15+0
0.20+0
0 . 06+0
0.09+0
0.23+0
0.11+0
0.17+0
0.11+0
0.12+0
0.61+0
0.11+0

.04

.02

.03

.01

.01

.02

.02

.02

.02

.04

.07

.02

238DPu
239+240,,Pu

0.06+0.02
0.08+0.02
0.05+0.03
0.12+0.05

-
0.18+0.06
0.12+_0.06
0.04+0.02
0.09+0.04
0.05+0.03
0.06+0.02
0.15+0.07

241Am
(fCi g"1)"

_

0.05+0
0.13+0
0.07+0
0.09+0

-
-

0.13+0
0.05+0
0.12+0

-
0.10+0

.01

.04

.02

.02

.08

.02

.02

.02

241Am
239+240,,Pu

0
0
1
1

0
0
1

0

_

.33+0

.7 +0

. 1 +0

.0 +0
-
-

.8 +0

.5 +0

.0 ±0
-

.9 +0

.03

.2

.4

.2

.5

.2

.4

.3

On wet weight basis.



3.3 Biological vertical transport of pollutants in the coastal
Mediterranean (S. Fowler, S. Heussner and J. La Rosa)

Sediment-trap work continues on making quantitative assessments of
the downward vertical flux of particulate-associated pollutants in coastal
waters of the northwest Mediterranean. Earlier results have shown that
the majority of the large particulates trapped at depth are of biogenic
origin such as Zooplankton faecal pellets, molts and detritus. For this
reason, a programme aimed at characterising the trapped material was
undertaken,

Three traps were moored 3 kms off Monaco at depths of 50 m, 100 m and
150 m. The depth of the water column was approximately 200 m at this
station. During 1982 several collections were made; each time the traps
were set for a duration of time varying between 6 and 14 days. Each sample
was divided into several aliquots using a Folsom plankton splitter; several
aliquots were prepared according to procedures specific for a given
pollutant and frozen for later analysis. The remaining samples were
examined microscopically for a qualitative and quantitative assessment of
composition.

The composition of material in the traps varied considerably with
depth. In the 50m trap plankton debris (faecal pellets, diatoms,
foraminifera, copepod molts, ostracod valves, appendicularian houses) was
commonly found as well as bodies of plankton (crustacean larvae, pteropods,
copepods, polychaetes, etc.) some of which presumably entered the trap and
were killed by the 5% buffered formalin preservative. The deeper traps
contained material of a more fine texture with very few molts and
Zooplankton carcasses. Presumably much of the Zooplankton detritus (molts,
carcasses) is recycled in the upper layers. During collections made in the
summer and fall, large amounts of fragile amorphous orange material were
noted in the 50m trap. Virtually none of this material was found in the
two deeper traps and, at present, its origin is unknown.

One feature common to all depths was the large number of Zooplankton
faecal pellets present. An enumeration of different types of faecal
pellets and mass flux values for three periods during 1982 is given in
Table 3.3. It is evident that as a general rule, both mass flux and faecal
pellet numbers increased with depth. In addition, the data given in the
table and other observations indicate that fluxes undergo wide seasonal
variations with the maximum fluxes normally coinciding with periods of rain
and high runoff as well as greatest biological productivity, usually in the
spring. The greater mass flux and higher number of faecal pellets at depth
may be attributed to the relatively greater volume of overlying water that
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Table 3.3 Mass flux and fecal pellet flux at 3 depths in coastal waters of the Ligurian Sea

Sample

FP 1

FP 3

FP 5

Date

07-13-82
(6 days)

09-07-82
(12 days)

11-24-82
(14 days)

DEPTH I (50m)

Dry wt
g HT5 d l

(+ la)

0.6698
+0.0851

0.9245
+0.0982

1.6091
+0.0857

2 —1Numeration No. m d

Cyl.

15435

57.3%

3074

2.1%

6057

3.4%

Ell.

5121

19.0%

93415

64.9%

115078

65.1%

Sph.

6358

23.7%

47414

33.0%

55722

31.5%

Total

26914

143903

176857

DEPTH II (100m)

Dry wt
g m d

(+_ lo)

1.1726
+0.1349

0.8774
+0.0305

2.6438
+0.0577

Numeration No. m d

Cyl.

42843

40.7%

9963

3.9%

29072

6.7%

Ell.

41960

39.9%

175666

68.7%

232579

53.8%

Sph.

20344

19.4%

69955

27.4%

170800

39.5%

Total

105147

255584

432451

DEPTH III (150m)

Dry wt
g m'2 d'1

(+ lo)

0.6004
+0.0228

1.7336
+0.1543

5.1775
+0.0696

Numeration No.m~ d

Cyl.

45422

41.6%

7808

1.9%

60567

4.3%

Ell.

41077

37.6%

248059

61.6%

593560

42.3%

Sph.

22781

20.8%

146835

36.5%

748613

53.4%

Total

109280

402702

1402740



is integrated by the lower traps. On the other hand one cannot rule out
contributions due to resuspension of sediments in the deepest trap. It is
also noteworthy that the relative proportions (qualitative composition) of
the different pellet types changed dramatically between July and September
but remained the same between September and November. The cylindrical
pellets are typical of those produced by euphausiids and other
macrozooplankton while the smaller, ellipsoid pellets resemble those
excreted by copepods and crustacean larvae. In parallel with the sediment
trap collections, freshly produced Zooplankton faecal pellets and molts
("source terms") are being collected from live specimens sampled over the
traps in an attempt to identify the source of the biogenic materials
trapped at depth. Both source term samples and particulates from the
sediment traps will be analysed for a suite of radionuclides and
non-radioactive contaminants in the near future.

3.4 Flux of transuranics in the upper water column of the Northeast
Pacific - Vertex studies (S. Fowler, S. Ballestra, J. La Rosa and
R. Fukai)

Since the fall of 1980, three cruises in the Northeast Pacific have
been completed as part of the US National Science Foundation's Vertex
programme. The first cruise took place off the coast of central California
and the following two off central Mexico. During all cruises samples of
water, suspended particulates, sediment trap material and source term
Zooplankton and faecal pellets have been collected and analysed

239+240D . 241for Pu and Am.

At the station off central California, a vertical profile of water
samples taken over the upper 1500 m showed the presence of subsurface239+240 241maxima of Pu and Am at 250 m and between 250-750 m, respect-

239+940 241ively. A large fraction of the filterable Pu (32%) and Am (21%)
in the surface waters was found to be associated with cells from a
phytoplankton bloom. Furthermore, Pu/Am activity ratios in surface water
and the suspended particles indicated that Pu was being taken up by the
cells to a greater degree than Am. However, similar measurements made
beneath the surface layer showed an overall enrichment of Am over Pu on
suspended particles with depth. Freshly produced Zooplankton fecal pellets
and large, fast sinking particles collected in sediment traps at this
station contained relatively high concentrations of Pu and Am (Table 3.4)
(Fowler et_ a^L. , in press). Both transuranic concentration in particles and
transuranic flux generally increased with depth down to 750 m. These
results have demonstrated the overall importance of large, rapidly sinking
biogenic particulates in removing Am and Pu from surface waters and
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Table 3.4 Vertical flux and transuranic concentrations and activity ratios in biological source term material and
sediment trap samples from VERTEX I station off central California, 25 August - 9 September 1980

Sample dry weight
(g)

Concentration
239+240Pu 241Am

"1(pCi* kg" dry+la)

Activity ratio
241Aln/239+240pu

Vertical Flux
**Mass 239+240

(mg dry m~2 d"1)
Pu

(fCi m'2 d '1)(fCi m~2 d'1)

Phytoplankton 8.81 28 +_ 3 5.9 +_ 0.6 0.21 +_ 0.03

Zooplankton
(mainly copepods) 12.43 13 +_ 1 3.2 +_ 0.4 0.24 +_ 0.04

Fecal pellets
(mainly

PIT (80

PIT (250

PIT (750

copepods)

m)

m)
m)

0.

0.

0.

0.

192

9607

3962

1362

91 + 13

5 5 + 5

110 + 20

300 + 60

72

12

280

720

+ 10

+ 3

•f 50

+ 110

0.79 +

0.22 +

2.5 +_

2.4 +

0.16

0.06

0.6

0.6

421

326

117

23 + 2

36 + 7

35 + 7

5 + 1

91 + 17

84 + 13

* 1 pCi = 37 mBq

** uncorrected for salt



transporting them to depth. Moreover it would appear that Am is being
scavenged from the water column by these particles at a more rapid rate
than Pu. Nevertheless, the exact role these particles play in the control
of the observed transuranic levels in the surrounding seawater is still
unclear. From the Vertex I data flux-derived residence times for Pu and Am
of 2-13 yr and 1.5-4.5 yr, respectively, can be calculated for the upper
mixed-layer (0-250 m), and are of the same order as previous estimates for
transuranics in the mixed-layer which were based on delivery rate and
radionuclide inventory data from the Mediterranean (Thein et^ al^. , 1980).

Samples from subsequent cruises off Mexico are currently being
analysed and the results will be compared with those from Vertex I in order
to discern differences in transuranic flux at these two stations which
display very different océanographie characteristics.
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3.5 The role of biogenic debris in the vertical transport of transuranic
nuclides in the sea (N. Fisher, S. Fowler, P. Bjerragaard and
G. Gorsky)

Sinking biogenic particulate matter in the sea has been shown to
contain elevated levels of various types of pollutants, including
radionuclides, heavy metals, chlorinated hydrocarbons and other organic
contaminants. Using transuranic elements as 'model pollutants' it is
possible to quantitatively describe biologically mediated processes which
affect the distribution of various kinds of waste materials discharged to
surface waters.

We have recently completed a series of experimental studies on the
behaviour and flux of transuranic elements in 6 species of phytoplankton, 3
species of crustacean and 1 species of gelatinous Zooplankton, and their
associated biogenic excretion products such as molts, discarded houses and

O Q ̂  O*3~7 O / 1 O/O 1 Ç O
fecal pellets. For the phytoplankton, Np, Pu, Am, Cm and Cf

241were examined (Fisher et^ a^. , 1983a); for the animals, only Am was
employed (Fisher et al., 1983b; Gorsky et al, in press). Of the elements
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Correlation of log of the volume/volume concentration
factors (VCF) for transuranic elements with log of the
surface/volume ratio of marine plankton. ( •) Am;
(0) Pu; (A) Cf; (P) Cm; (X) Am in appendicular ians . For
phytoplankton, copepods and euphausiids: y = 0.962 + 5.110;
r = 0.981. For appendicularians , y = 0.962 + 3.588.

tested, it is concluded that only neptunium would behave conservatively in
seawater. Americium concentration factors were found to range from 10 in
mucopolysaccharide larvacean houses to 7 x 10 in diatoms. Concentration
factors are significantly correlated with surface to volume ratios as shown
in Fig. 3.1. Binding of transuranics to these biogenic particulate
products is not irreversible and these radionuclides have been shown to
leach from biogenic materials with half-times ranging from 9 days in
appendicularian houses to 50 days in euphausiid fecal pellets. Biogenic
particulates have been found to sink at rates which depend on the type of
material involved; for example, typical sinking rates for crustacean fecal
pellets (100-900 m day ) and molts (500-1500 m day ~ ) are relatively
rapid, while those for phytoplankton cells ( < 2 m day ) and
appendicularian houses (30-160 m day ) are considerably slower. Coupling
knowledge of transuranic levels in biogenic debris with
experimentally-derived radionuclide retention times and sinking rates for
these materials, it is possible to heuristically model the role each kind
of debris plays in the downward vertical flux of radioactive wastes
discharged to surface waters. We conclude that as a general rule, the
large, faster sinking fecal pellets and crustacean molts, which decompose
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and release transuranics relatively slowly, are effective in transporting
these radionuclides to deep waters and sediments, whereas slower sinking
phytoplankton cells and gelatinous houses are probably involved in
transuranic remineralization and recycling processes at intermediate
depths. Analogous to the cycle of nutrient regeneration, sinking biogenic
particulates enriched in transuranic elements can release these
contaminants during their descent, providing an attractive hypothesis for
interpreting the characteristic profiles of dissolved Pu and Am which have
been noted in many oceanic water columns.
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3.6 Interactions of marine plankton with transuranic elements; Influence
of dissolved organic compounds on americium and plutonium accumulation
in a diatom (N. Fisher, P. Bjerregaard, L. Huynh-Ngoc and G. Harvey)

To assess the significance of naturally occurring dissolved organic
matter (DOM) on complexation of transuranic elements in seawater, a series
of bioassay experiments was conducted in which the effect of DOM on the

O/l OQ7 O *3 "7accumulation of Am, Pu(III-IV), and Pu(V-VI) by the marine diatom
Thalassiosira pseudonana was measured (Fisher et^ al̂ ., 1983). EDTA at 0.3
\M complexed both metals substantially, resulting in reduced radioisotope
uptake by the diatom; the greatest effect was on Pu(III-IV). In contrast,
there was no apparent complexation of either element by equimolar
concentrations of marine fulvic (MFA) of humic acids (MHA), naturally
occurring photooxidizable DOM (uncharacterized), or diatom exudates, as
none of these materials reduced isotope uptake (Table 3.5); on the
contrary, there were indications that some of this DOM enhanced transuranic
bioaccumulation in the diatom slightly. Subsequent experiments showed this
enhancement was probably due to complexation of transition metals by the
DOM, leading to fewer ambient ions 'competing' for binding sites on the
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Table 3.5 Atoms isotope cell" during three day exposure period. Unirradiated seawater results are means from
two separate experiments. MFA results are means from two different extracts. MHA results are means
from three concentrations of MHA from the Mississippi Outflow station and one concentration of MHA from
the Gulf Loop station. UV-irradiated seawater results with Pu are means from two separate experiments

Treatment Hours Exposure
i

4 24 48 72
Am* Pu Pu Am* Pu Pu Am* Pu Pu Am* Pu Pu

(III-IV)** (V)** (III-IV)** (V)** (III-IV)** (V)** (III-IV)** (V)**

Unirradiateda 3.8̂ 0.0 3.4-0.9 3.4-0.8 12̂ 8±0.3 5.3-1.1 4.8±1.5 13.4*0.1 6.1*0.1 6.2*0.8 14.2*1.2 6.7*1.2 6.6*1.3
UV 4.7 3.1-0.23 3.4-0.43 8.7 4.9-0.1* 4.3-0.5& 12.5" 4.6̂ 0.3* 4.0*0.8* 15.3 5.3*1.2* 5.7*1.6
UV + MFAa 4.0*0.1 3.0*0.5 2.9̂ .4 14.1±0.8 4.3±0.5 4.4±0.5 13.6±3.3 4.8±0.0 5.2*0.2 15.7*3.3 5.2±0.1 5.9*1.1

UV + MHAb 3.4-0.8 3.1-0.1 2.8̂ 0.3 12.2̂ 3.0 4.6-1.0 4.1*1.1 14.0*1.1 4.6*1.0 4.9*0.5 14.8*2.3 5.3*1.9 5.9*0.2
UV + EDTA 3.3 0.5 2.4 7.5 0.9 3.5 5.8 1.4 3.3 8.2 2.3 4.4

* x 105
ft* x io2

a : n = 2
b : n = 4



241cells; Am uptake rates were negatively correlated (r = -0.846, P< 0.01)
with ASV-labile Cu + Zn + Cd + Pb. These experiments suggest that
naturally occurring DOM may not appreciably complex Am or Pu or greatly
affect their bioavailability in the sea.

Reference
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Interactions of marine plankton with transuranic elements. II.
Influence of dissolved organic compounds on americium and plutonium
accumulation in a diatom, Mar. Chem., 13, pp. 45-56.

3.7 Biokinetics of 237Pu and 241Am in mussels
(P. Bjerregaard, N. Fisher, S. Fowler and S. Topcuoglu)

241 237Diatoms labelled with Am and Pu were fed to the common mussel
Mytilus edulis in a series of experiments to determine the degree of
assimilation of these radionuclides, their sites of deposition, and their
biological half-lives (T^i/o) *-n the. animal. Animals accumulated
approximately twice as much Am as Pu from their food; there was no
difference between the behaviour of Pu (III-IV) and Pu (V) (Fig. 3.2).

o
•*-*ro
co
'-*-"ro
•4-1

<UucoO

241 237Fig. 3.2 Uptake of Am (squares) and Pu (circles) by
Mytilus edulis^from double=labelled diatoms, a: diatoms
labelled with
labelled with
point represents

2AiAm and ?37Pu (II1:-IV)'Pu (V-VI).Am and
the mean + 1 SD for

diatoms
Each data

10 mussels.
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Fig. 3.3 Loss of Am (a) and Pu (b) from Mytilus edulis after
feeding on double-labelled diatoms. Data points are means
+ 150 for 4 mussels. Results of compartmental analysis
showed that the retention half-times,in the slowest exchanging
pools (A) were 108 and 73 days for Am and Pu,
respectively.

Loss of Pu and Am from mussels transferred to unlabelled seawater was
assessed with T ,'s in the slow loss compartment of 54+4 days for Am
and 43+1 days for Pu (Fig. 3.3). Both radionuclides localized in the
viscera and the shell in equal proportions. Loss from the viscera via
fecal pellets was more rapid than from the shell.

3.8 Biokinetics of transuranium nuclides in benthic organisms
(S. Fowler, F.P. Carvalho, J. La Rosa, J. Galey, F. Goudard and
J. Fieri)

Studies on establishing the potential of various groups of benthic
species to accumulate transuranics from food and surrounding water are
continuing. Several different types of benthic organisms have been exposed

O / 1 O '•i 0to Am and Cf in seawater for several weeks and their concentration
factors measured. The degree of retention has also been examined following
transfer of contaminated organisms to aquaria supplied with running
seawater. The data in Table 3.6 show that the response to the uptake and
degree of retention of these radionuclides is highly dependent upon
species. Concentration factors span nearly 2 orders of magnitude whereas
biological half-times for loss are not so variable.

42



Table 3..6 Estimates of concentration factors (CP) and biological half-
times (Tj") for loss of 241Am and 252Cf in benthic species
derived from long term, laboratory exposure experiments

Organism

Ascidians

252

Halocynthia 2 x 10

Macroalgae
Brown
Green

1.5 x 10"
6 x 10""

Cf
(days) CF Tbi (days)

Sea Anemone
Actinia 5 x lo2

Crinoids
Antedon 2 x 102

Polychaetes
Herrn ione
Nereis 7 x 101

Clam
Tapes

Amphipods
Gammarus 1 x 10

Galatheids
Galathea 7 x 102

Crab
Pilumnus

Isopods
Cirolana 2 x 102

48

7 x 102 50
20

8 x 101 80

6

7 x 102 50

75 2 x 102 40

60

Food chain experiments with benthic animals also show a species-
dependent response to assimilation and retention of ingested

241radionuclides. Two marine fish species fed Am labelled food, showed
that assimilation of the radionuclide takes place through the gastro-
intestinal walls and that the small fraction accumulated is incorporated
mainly in the skeleton, skin and muscle (Carvalho e_t̂  al_. , in press). Gut
transfer coefficients were low in both species and averaged 0.67% of the
ingested activity. Whole body biological half-lives for loss of the
absorbed fraction ranged between 49 and 61 days for Serranus scriba and 12
and 117 days for Scorpaena notata. Liver displayed a relatively short
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biological half-time for loss of roughly 24 days. Routes of Am
excretion appear to be through the gills, kidneys and feces with bile
serving as a possible excretion route from the liver. From the limited
amount of published information available for comparison, it would appear

241that Am taken up via the food chain is more biologically available to
marine fish than plutonium.

Contrary to the case with fish, starfish assimilate and retain a
relatively high fraction of the transuranic ingested. For example, greater241 252than 80% of Am and Cf taken in with food is assimilated into the
pyloric caeca of ophiuroids and excreted with a biological half-time of 50o ̂  o o / ~\days for Cf and 78 days for /41Am.

241 252Asteroid starfish, fed prey contaminated with Am and Cf also
241accumulate and retain large fractions of these radionuclides ( Am,25283-87%, Cf, 91-99%) in their digestive gland. Differential

r\ c "") O / T

centrifugation has demonstrated an association of Cf and Am with the
lysosome-mitochondrial fraction of pyloric caeca cells (Galey et al.,
1983). Partial separation of mitochondria and lysosomes by isopycnic
gradient centrifugation suggests a somewhat different subcellular

252fractionation of the two transuranics; Cf is associated primarily with241the mitochondria whereas Am was accumulated in both lysosomes and
mitochondria. From comparison with analogous studies in mammalian systems,
it is hypothesized that the long biological half-lives reported for
ingested transuranics in starfish result in large part from the
radionuclide association with mitrochondria in the pyloric caeca.

The degree of transuranic assimilation and retention in benthic
crustaceans is varied. The crab Carcinus and anomuran Galathea readily252 241 —————assimilate Cf and Am ingested with contaminated prey; the
majority of the radionuclide accumulates in the hepatopancreas. The
excretion of these radionuclides takes place slowly and in a continued

252 241manner. On the other hand, excretion of Cf. and Am from benthic
isopods is periodic and related to their digestive physiology; for example
these radionuclides are retained in the animal's gut for periods of several
days to weeks and then are rapidly excreted with the undigested food
bolus. Very little if any of the radionuclides appears to be assimilated
into tissue.

Future studies will focus on examining the comparative behaviour of
Np, Cm and Pu in these species using appropriate photon-emitting
radioisotopes.
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3.9 Bioaccumulation of technetium by marine phytoplankton (N. Fisher)

Technetium-95m in the IV and VII oxidation states was added in
picomolar quantities to monocultures of seven species of marine
phytoplankton, including a green alga (Dunaliella tertiolecta), a diatom
(Thalassiosira pseudonana), a blue-green alga (Oscillatoria woronichinii),
a prasinophyte (Tetraselmis chuii), two haptophytes (Emiliania huxleyi and
Cricosphaera carterae), and a dinoflagellate (Heterocapsa pygmaea).
Cultures were incubated for 4 days, and uptake of Tc was periodically
determined by gamma-spectroscopy of filtered and unfiltered samples. All
the Tc remained in the water column in all flasks, but none of the species
appreciably concentrated the element in either oxidation state (Table
3.7). Mean uptake (measured as the fraction retained on filters) for all
species was 0.029% for Tc(IV) and 0.023% for Tc(VII), neither of which was
significantly different from the uninoculated control cultures. Wet weight
concentration factors never exceeded 20 for any species, 3 orders of
magnitude lower than previously reported for phytoplankton and Tc. The
results indicate that phytoplankton are likely to have negligible influence
on the cycling of Tc in marine systems (Fisher, 1982).

Reference

FISHER, N.S. (1982). Bioaccumulation of technetium by marine phyto-
plankton, Environ. Sei. Technol., 16, pp. 579-581.

3.10 The biokinetic behaviour of technetium in marine organisms
(S. Fowler, S. Heussner, J. La Rosa, S. Topcuoglu)

The Monaco Laboratory has continued its studies on technetium
behaviour in various marine species as part of a cooperative Research
Agreement programme between IAEA and the School of Oceanography, Oregon
State University, USA. All experiments have utilized the gamma-emitter
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Table 3.7 Percent of Tc in water column removed by Nuclepore filtration, _+ la propagated counting error.
Means + SD of all species and at all times and wet weight concentration factors at 91 h are also shown.

oxidation 19 h
Species state added uptake + la,%

no cells

T. pseudonana

D. tertiolecta

T_. chuii

H,_ pyqmaea

E. huxleyi

C. carterae

0. woronichinii

Z

IV
VII
IV
VII
IV
VII
IV
VII
IV
VII
IV
VII
IV
VII
IV
VII
IV
VII

0.029 +_ 0.003
0 +_ 0.002
0.028 + 0.003
0.029 + 0.002
0.031 + 0.003
0.007 4- 0.002
0.045 + 0.003
0.002 + 0.602
0.068 + 0.003
0.023 + 0.002
0.036 + 0.003
0 +_ 0.002
0.062 + 0.003
0.038 + 0.002
0.024 + 0.002
0.031 + 0.003
0.040 + 0.017
0.016 + 0.016

43 h
uptake + la,%

0.036 + 0.003
0.004 + 0.002
0.020 + 0.003
0.043 +_ 0.002
0.039 + 0.003
0.006 + 0.002
0.059 + 0.003
0.008 + 0.002
0.042 + 0.003
0.022 + 0.002
0.040 + 0.003
0.012 + 0.002
0.025 + 0.003
0.005 + 0.002
0.027 + 0.003
0.022 + 0.002
0.036 + 0.012
0.015 + 0.013

91 h
uptake + lcr,%

0.006 +_ 0.003
0.004 + 0.002
0.015 + 0.003
0.082 +_ 0.003
0.006 + 0.003
0.007 +_ 0.002
0.008 + 0.003
0.014 + 0.002
0.009 + 0.003
0.109 + 0.002
0.021 + 0.003
0.011 + 0.002
0.005 + 0.003
0 +_ 0.002
0 + 0.002
0.020 +_ 0.003
0.009 + 0.006
0.031 + 0.041

E

0.024 + 0.016
0.003 + 0.002
0.021 + 0.007
0.051 + 0.027
0.025 + 0.017
0.007 + 0.001
0.037 + 0.026
0.008 +_ 0.006
0.040 + 0.030
0.051 + 0.050
0.032 + 0.010
0.008 + 0.007
0.031 + 0.029
0.014 + 0.021
0.017 + 0.015
0.024 + 0.006

CF

4
10
0

< 1
2
1
5

17
1

< 1
0
0
0
8
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"'Tc as an analogue for the long-lived radionuclide Tc. The radiotracer
solution was furnished by Oregon State University.

Biokinetics experiments using macroalgae have indicated that green
and red algae accumulate Tc (VII) to a very low degree (CF = 1-20) while
some brown algal species display a much higher affinity for pertechnetate3(CF ^ 10 ) (Topcuoglu and Fowler, in press). Comparative tests with
different species of brown algae revealed that Tc does not accumulate
similarly in all species of this group. Moreover, no significant
differences in radionuclide uptake were noted between brown algae exposed
to Tc in either the IV or VII oxidation states. Bioaccumulation of Tc
appears to be a metabolically controlled process since uptake does not
occur in heat-killed individuals and both light and temperature
significantly enhance Tc accumulation. Dissection of Sargassum vulgäre has
shown that the rapidly-growing air bladder, leaf-like laterals and small
branches reach higher Tc concentrations and retain a greater fraction of
the radioactivity than the older, cylindrical main axis. Pertechnetate
retention in two brown algae was found to be significantly different with
biological half-lives for Tc loss differing by an order of magnitude (T ,„
= 19 and 196 days). During depuration, loss took place more rapidly from
the younger portions of the seaweed as evidenced by the highest
concentration and greatest fraction of Tc retained in the older,
cylindrical main axis. Providing certain precautions are taken, brown
algae such as Cystoseira comprressa and ̂ . vulgäre would appear to be good
bioindicators for determining the presence of Tc contamination in marine
waters.

The relative bioavailability of pertechnetate to Zooplankton has been
assessed in a series of experiments with euphausiids. As in the case with
other invertebrates, Tc is not accumulated from water to any degree by
Zooplankton. Concentration factors after several days exposure were on the
order of 1 (Fig. 3.4). However, when the euphausiids died, the
concentration factors in carcasses increased dramatically suggesting that
bacteria on the organism's surface were directly responsible for the
uptake, or they had reduced the pertechnetate to the lower oxidation
state(s) which was then more readily taken up. That bacteria were involved
in the uptake process was confirmed by the lack of accumulation from water
containing the metabolic poison sodium azide (Fig. 3.4).

Attempts to determine possibly different behaviour of the lower and
higher oxidation states of Tc have also been undertaken with benthic
crustaceans and fish. Contrary to results from transuranic studies, marine
isopods can assimilate ingested Tc which is subsequently lost only slowly.
During the first few days after ingestion of contaminated food, most of the
Tc lost Is associated with the fecal material. The fraction of whole body
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Tc lost by defecation diminishes with time. Furthermore, pertechnetate
(VII) appears to be excreted from the isopods more rapidly than the reduced
forms (IV), at least during the first 6 weeks of loss. Through dissection
it is hoped to learn where the residual Tc is located in these scavengers.

Similar food-chain experiments with crabs and fish have also
demonstrated high assimilation and relatively slow excretion. However, in
the case of these organisms, far less difference was noted between the
excretion rates of the reduced and oxidised forms of Tc. In the fish
(Lepadogast'er), assimilation efficiency of Tc was found to range between 55
and 75% of the ingested dose and the absorbed fraction of both oxidation
states turned over with a biological half-time of about 2 months.
Defecation accounted for a major portion of the Tc lost from fish
especially during the early phases of loss. Interestingly, the
radionuclide was not strongly bound to the fecal pellet; sequential
leaching in clean seawater resulted in 80% of the residual Tc being lost
within 40 hours. Assimilation of pertechnetate in crab was also high
( %50%) but was excreted at a rate approximately twice that measured in
Lepadogaster.

Reference

Topcuoglu, S., Fowler, S.W. (in press). Factors afffecting the biokinetics
of technetium (95mrc) in marine macroalgae, Mar. Environ. Res.

3 .11 Accumulation and cellular distribution of Am, ___ Po and
in two marine algae (N. Fisher, K. Burns, R. Cherry, and

M. Heyraud)

The accumulation and cellular distribution of Am, Po,
210and Pb were studied in a. marine diatom and a marine green alga (Fisher

et_ aĴ . , 1983). Both species concentrated Am, Po, and Pb from artificially
spiked cultures, resulting in wet weight concentration factors of

5 241 4 210 3approximately 1 - 4 x 10 for Am, 3 - 7 x 10 for Po, and 5 - 7 x 10
210for Pb. These concentration factors are comparable to those based on210 241analyses of natural plankton assemblages. In contrast to Po, Am

and 210pfo appeared to associate almost exclusively with structural
components (cell walls and plasmalemmae) and showed no evidence of protein
association (Table 3.8). The data, together with field evidence, suggest
that Am and Pb are not bound to cell material easily assimilated by

210herbivorous Zooplankton, while Po associates with cellular organic
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Table 3.8 Fractionation of cellular protein, Am, Po, and Pb
in T. pseudonana (3H) and D. tertiolecta (Dun)
(Counting errors £.10% unless noted)

% total cell protein %, total activity in each cell fraction
Cell fraction (weighted mean + 1 SD) 241Am 21°Po 21°Pb

(n=3)
3H

(n=4)
Dun 3H Dun 3H Dun 3H Dun

1st pellet
(754 g, 5 min ) 3U2

2nd pellet
(2,000 g, 15 min ) 9+4

3rd pellet
(10,000 g, 15 min ) 5+5

Supernatant 55+11

16+3

7+4

5+3

72+9

83 89 43.5 30 82.5 59

11 18.5 39 17.5-i-tt 37.5

4 1 7.5 2.5 0 2ft

2 5 30.5 28.5 0 1.5"**

Total per cell 7.6+3.0* 12.8+1.7* 667t 133t 0.20T 0.13t 0.08 t 0.03t

pg cell-1

cell-1

** counting error = 33% *** counting error = 20%

tt counting error = 14% ttt counting error = 25%

210compounds and is assimilated in animals. This may lead to high Po
turnover rates in surface waters.

Reference

FISHER, N.S., BURNS. K.A., CHERRY, R.D., HEYRAUD, M. (1983). Accumulationo/~i 9in *? i nand cellular distribution of Am, Po and Pb in two marine
algae, Mar. Ecol. Prog. Ser., _4, pp. 233-237.

3.12 Distribution of natural radionuclides in the northwestern
Mediterranean (R. Bojanowski)

Studies on the behaviour and distribution of natural radionuclides
in the sea are recently becoming increasingly important for a number of
marine environmental programmes carried on throughout the world. Not only
do they supply baseline data on environmental radioactivity for nuclear
reactor siting but they also allow a more thorough insight into the nature
of large-scale océanographie and geochemical processes taking place in the
sea. The naturally occurring radioactive elements are particularly useful
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Fig. 3.5 Location of sampling stations during the cruise
on board R/V Gauss.

for studying time dependent processes such as residence times and
sedimentation rates, transit times, etc. and for predicting the behaviour
of certain substances which cannot be measured directly because of
analytical constraints and their complex input functions.

Although natural radioactivity has long been measured in the
Mediterranean Sea, no systematic studies of the distribution of individual
radionuclides and their parent-to-daughter ratios have yet been attempted
to any great extent. In order to obtain basic data on the distribution of
more important members of natural uranium and thorium decay series,
investigation was undertaken in the northwestern part of the Mediterranean
Sea on the occasion of the cruise on board R/V "GAUSS" in April-May 1982.
Samples of seawater and suspended matter were collected at seven stations
located between Monaco and the mouth of the Rhone river for measurements
of U, Th, Ra, Pb and Po. At the same time concentrations of particulate
matter were measured and large volume water and suspension samples were
taken for radiochemical analysis of Cs, Pu and Am. Positions of sampling
sites are shown in Fig. 3.5 and the preliminary data are summarized in
Table 3.9. Preliminary observations show that, contrary to our
expectations, the proportion of particulate Po and Th appear to be low (40%
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Table 3.9 Concentration ranges of natural radionuclides in the North-Western Mediterranean

Salinity %o
3Particulate matter g/m

Uranium-238 dpm/m

Uranium-234 "

Thorium-230 "

Radium-226 "

Lead-210

Polonium-210 "

Thorium-232 "

Thorium-228 "

Surface water

dissolved particulate

37.97 - 38.35

0.07 - 0.45

2600 - 2800 0.0 - 0.6

3000 - 3300

0.02 - 0.83

49-100 0.0-1.1

35 - 55 1.4 - 7.8
21 - 164 19 - 28

0.02 - 0.77

0.52-1.47

Deep water

dissolved

38.32 - 38.49
-

2600 - 2900

3000 - 3400

-

83 - 140

32 - 120
42 - 79

-
—

(5>250m)

particulate

-

0.02 - 0.09

0.0 - 2.4

-

0.08 - 0.17

0.0 - 1.9

0.5 - 11.3

9 - 3 1

0.05 - 0.23

0.66 - 2.55



and 20% respectively), even though the samples were not taken far from the
Rhone River mouth. Regardless of the nature of the filterable fraction of
Po and Th measured, the tendency of these radionuclides to prevail in a
highly dispersed state implies that their removal by sedimentation is not
very effective. Particulate Po exhibits a fairly uniform vertical
distribution pattern with concentrations of about 20 + 10 dpm/m at all
sampling sites. Since the concentration of particulate matter decreases
with depth, the Po content of suspended matter (in dpm/g) increases
proportionally, attaining a value as high as 590 dpm/g (Station G-l,
2,500m). It would seem that Po is strongly attached to particles with a
distribution coefficient of 10 -10 .

A quite different picture is observed for Ra where the average
proportion of particulate form is only 0.5%, but the distribution with 3depth is uneven. Whereas the surface concentrations were low (0.4 dpm/m )
much higher levels were recorded in deeper layers with maximum3
values at 250 m (1.8 dpm/m ). When expressed in dpm/g units, the
difference was still more striking (1.4 dpm/g vs. 38 dpm/g). It appears
that initially, sinking particles undergo mineralization without
appreciable loss of Ra until their dimensions become so small, and their
settling velocities so low, that the attached Ra will have enough time to
pass into solution before the particles reach the bottom. The settling
behaviour of Ra is thus different from that of Po, suggesting its weaker
and reversible association with particulate carrier. It is possible that
the observed maxima on depth distribution curves of transuranic elements
are being formed by the same mechanism.

3.13 Polonium-210 in the marine environment (R.D. Cherry and M. Heyraud)

210Previous work had shown that high Po concentrations found in
hepatopancreas of crustaceans and cephalopod molluscs (benthic and pelagic)
were commonplace. A systematic study of Po and Pb in more than 30
species of shrimp has shown that the range of concentrations measured
covered more than two orders of magnitude for both nuclides (Cherry and210Heyraud, 1982). The variations in the levels of Po, in particular,
could be related to biological and environmental factors: penaeid shrimp

210had Po at median concentrations some three to four times higher than
210carid shrimp and there was a steady increase in the median Po

concentration as one moved from estuarine to coastal to pelagic to
deep-pelagic species. In three species of deep-pelagic penaeids, the
natural radiation dose received by the hepatopancreas was of the order of
100 rem/year. Four species of shrimp collected near Kuwait had also high
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210 210levels of Po. A survey of Po levels in mid-water crustaceans and210fish from depths to 1500m allowed us to measure the highest natural Po
levels recorded to date in marine organisms, 256 pCi/g dry in a sample of 5
hepatopancreas of Gennadas valens: this corresponds to a radiation dose to———————————— 210this tissue of the order of 300 rem/year. The origin of Po in organisms

210is thought to be the food ingested and Po measurements can be used to
throw light on the feeding behaviour of organisms.

The importance of Zooplankton particulate products - feces in
particular - in the vertical transport of natural or artificial alpha-
emitters from the surface to deeper layers has been stressed in previous
works. Recently, particular attention has been paid to the sea-surface

210microlayer (about 150um), since the main source of Pb in the surface
layer of the ocean is natural atmospheric fallout. In atmospheric fallout,

210 210the Po/ Pb ratio is about 0.1, while it is about 0.5 in seawater
(Heyraud and Cherry, 1983). Samples of the surface microlayer, of bulk
seawater from 20cm depth and of neusten from the top 5cm of the sea were
collected at regular intervals over a period 17 months. Results showed

210 210that the Po/ Pb ratio in the microlayer was always 1; furthermore,
210 210enrichment of Po (and Pb, to a lesser extent) in the microlayer

compared with the bulk seawater was always observed and there was a good
correlation between the degree of enrichment and the neusten biomass.
These in situ measurements were complemented by laboratory measurements of21T5— ————the Po in the bulk seawater in which the neusten had stood for 2-4

210hours, showing that the neuston lost Po to the water at a rate of about
1 pCi/g dry/h. These results allow the calculation of a significant flux

210of Po mediated by the biota, from bulk seawater to the surface
210microlayer and, thence possibly to the atmosphere. A similar flux of Pb

is significant only under high biomass conditions. On the other hand, the
210fact that part of the Po released to the water by organisms was found to

be associated with fine particles and that even the soluble fraction
( <0.22ym) was associated with large organic molecules (MW> 6000) strongly

210suggests an association of Po with the organic cycle at the top of the
sea and with marine bacteria in particular. The study has shown that

210 210measurements of Po/ Pb ratios in environmental samples can provide a
simple, reliable and useful tool to assess the importance of certain
biological processes in geochemistry.
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3.14 Biochemical studies of Po binding in squid
(K. Burns, R. Cherry, M. Heyraud and E.B. Dowdle)

210Following up the observations of high concentrations of Po in the
hepatopancreas of certain marine organisms, biochemical studies were
initiated to examine the nature of binding. Initial experiments utilized
hepatopancreas from squids, Loligo vulgaris, collected locally.

Table 3.10 Differential centrifugation.of squid hepatopancreas homogenate
and associated protein and Po distributions in percentages
of total recovered

Protein 210Po pCi / mg

whole homogenate 388 mg/g wet wt. 56 pCi/g wet wt. 0.14

(3,550 g, 10 min)
fat layer

cellular debris/
nuclei fraction

(15,000 g, 15 min)
mitochondria/
lysosome fraction

(45,000 g, 120 min)
microsomaI/internal
membrane fraction

soluble enzyme fraction

5%

3%

15%

20%

57%

4%

2%

19%

24%

51%

0.13

0.12

0.22

0.20

0.15

total recovered 56% 66%

Tissues were dissected from freshly caught squids and homogenized in
buffer solution according to normal biochemical procedures to obtain a
smooth suspension. Precipitation experiments with ammonium sulfate and
trichloroaetic acid, solvent extraction experiments and differential

210centrifugation studies indicated the Po binds to cellular protein
(Tables 3.10 and 3.11). In further experiments the protein fraction

210containing the Po was partially purified by differential centriguation
and ammonium sulfate precipitation at 60% saturation. The preparations
were then subjected to fractionation by molecular sieve gel
chromatography. Experiments with Sephadex G-75 and 150 gels showed the
majority of the Po/protein association is specific for the greater than
1.5 x 10 molecular weight fraction and that activity per gram of protein
can be significantly increased by gel chromatography. Dialysis of the
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210Table 3.11 Precipitation of Po with ammonium sulfate from squid
hepatopancreas homogenate with initial concentrations of
7.5 pCi Po/ml and 25.7 mg protein/ml yielding 0.29 pCi/mg

% saturation
(NH, )„SO,
precipitate

10%
20%
30%
40%
50%
60%
80%

Protein

13%
12%
25%
56%
78%
78%
81%

21°Po

27%
17%
32%
79%
89%

107%
102%

pCi/mg

0.59
0.43
0.38
0.42
0.33
0.40
0.36

soluble protein preparations against the chelating agents 3-mercaptoethanol
210and EDTA indicated the Po/protein association is not easily disrupted by

these reagents that displace elements bound to sulfhydryl groups in210proteins. Thus Po appears to bind specifically to the high molecular
weight soluble protein fraction in squid hepatopancreas.
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4. Studies for Obtaining Scientific Bases for Evaluation
Deep-Sea Radioactive Waste Disposal

4.1 Development of selective geochemical partitioning techniques:
Application to trace metals and transuranics (S.R. Aston,
B. Oregioni, J. Gastaud and P. Parsi)

In addition to knowing the concentration of metals and radionuclides
in marine sediments, it is important from the point of view of geochemical
processes and bioavailability to determine their geochemical partitioning.
In recent years a variety of selective leaching procedures have been
reported for the study of metal partitioning in sediments and soils. The
suitability and relative advantages and disadvantages of these methods have
been reviewed, and a standard method adopted after experimentation to check
reproducibility using stable metal analyses. The method has subsequently
been used to study transuranic geochemical partitioning in deep-sea and
near-shore sediments (Aston, 1983; Aston £t_ £LL. , in press).

The standard method employed routinely is shown in Table 4,1. The
sequential method estimates the fractions of metal or radionuclide
associated with "exchangeable", "carbonate", "iron/manganese oxides",
"organic/sulphide" and "residual" phases in the deep-sea and near-shore

4.1 Sequential extraction procedure used to determine the geochemical
partitioning of radionuclides in deep-sea sediments

Geochemical
Partition Chemical Extraction
Phase

Exchangeable l M ammonium acetate

Carbonates l M acetic acid

Fe/Mn hydrated 0.1 M hydroxylamine hydrochloride +
257o v/v acetic acid

Organic matter 40 vol. hydrogen peroxide + l M acetic acid

Resistant cone, nitric acid + hydrofluoric and
perchloric acids
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sediments. The sediments studied are those mentioned in the previous
section. The stable metals determined include Fe, Mn, Cu, Zn, Pb, Cr, all
determined by atomic absorption spectrophotometry using both flame and
carbon-furnace techniques. The data are being used to interpret the
bioavailability of transuranics from sediments to benthic organisms
(Vangenechten et al., 1983).
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4.2 Adsorption - desorption studies on transuranics with deep-sea
sediments (S.R. Aston and J. Gastaud)

The use of the present NEA radioactive dumpsite in the Northwest
Altantic, together with the possibility that the deep-sea floor may be used
for radioactive waste disposal gives rise to an interest in the
interactions of long-lived radionuclides with deep-ocean sediments. In
order to investigate the adsorption and desorption of transuranic elements
(Np, Pu, Am, Cm and Cf) a series of laboratory experiments has been
conducted (Aston, 1983; Aston e_t_ a_l_., in press). Gamma emitting isotopes
of the transuranic elements have been used to facilitate counting using
Nal(Tl) detectors and an intrinsic Ge detector.

The sediments studied have included those from the NEA Northwest
Atlantic dumpsite, a Central Pacific feasibility test site (Sandia
Laboratory, U.S.A.), a Northwest Pacific investigation site (Japan) and for
comparative purposes other deep-sea and coastal locations. The adsorption
experiments have been performed by conventional "batch" methods. All
adsorption rates for transuranics have been very rapid, equilibrium K
values being obtained normally within hours or days. Except for Np, all
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combinations of transuranics with the sediments used showed high K values,
4 5 2 3typically 10 - 10 . Neptunium showed lower K, values (10 - 10 ) and its

adsorption was much more dependant on sediment characteristics than for the
other transuranics (Fowler and Aston, 1982). A linear relationship between
equilbrium K, values and carbonate content of the sediments has been
observed for Np, and this feature is being investigated further. Other
transuranic K values for deep-ocean sediments do not appear to bed
significantly influenced by general sedimentological features e.g.
grain-size distribution, organic carbon content, carbonate content, clay
mineralogy.

The distributions of Tc (IV and VII), Pu (III/IV and V/VI) and Am
between interstitial water and solid sediment phase have been studied for
some deep-sea sediments (Fowler et^ al_., 1983). The results for Pu and Am
are similar to those obtained in "batch" experiments. Technetium is very
poorly adsorbed onto sediments and is easily lost to overlying water from
compacted sediments. The desorption of transuranics from sediments
labelled in batch experiments is insignificant when those sediments are
resuspended into "clean" seawater. The results indicate that transuranics
are strongly and irreversibly taken up on the deep-sea sediments.

The first studies on californium in the marine environment have been
252carried out using Cf to evaluate the adsorption of this transuranic onto

deep-sea sediments, its dissolved/particulate partitioning in seawater, its
geochemical partitioning in marine sediments. Also, studies on californium
bioavailability have been carried out (Aston and Fowler, 1983).
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ASTON S.R., GASTAUD J. , OREGIONI, B. and PARSI, P. (In press). Observations
on the adsorption and geochemical associations of technetium,
neptunium, Pu, Am and californium with deep-sea sediments, "Proc.
Intern. Symp. on the Behaviour of Long-Lived Radionuclides in the
Marine Environment", La Spezia.

4.3 Experimental studies on sediment-animal transfer processes for
long-lived radionuclides (S.R. Aston, P. Parsi, S. Fowler and
G. Benayoun)

There is a paucity of information on the transfer of radionuclides
from marine sediments to benthic fauna. In order to estimate the
consequences of a disposal option in which radioactive wastes would be
introduced to deep-sea sediments, it is pertinent to investigate these
transfer processes. Loss of waste containment and consequent contamination
of sediments would offer a primary source for the introduction of
radioactivity to benthic fauna and thus a possible route into the marine
food chain and man. Over the last two years a co-operative programme of
experimental studies has been developed between the Geochemistry and
Biology Groups of the Monaco Laboratory.

Studies on animal-sediment radionuclide transfer have been conducted
with the deep-ocean sediments mentioned in the previous sections, using
bivalves, worms and isopods. The programme is a continuing and expanding
one within which Te, Pu and Am have thus far been investigated (Fowler et
al. , 1983; Vangenechten et_ al_, in press; Aston and Fowler, submitted). The
different oxidation states of Tc and Pu to be found in the marine
environment have been investigated. The experiments have allowed the rate
of transfer of sediment activity to animals, tissue distribution and
depuration rates to be investigated. Combining the investigations with
geochemical partitioning studies (c.f. Sec. 4.1) and parallel water-animal
uptake experiments have allowed interpretation of the routes of
radionuclide transfer to be assessed and the site specific properties of
different sediments. For example, interesting results have been obtained
for Am uptake by three species from Northeast Atlantic and Central Pacific
sediments (Vangenechten e_t al_. , in press). Typically Am transfer factors
were found to be 2 to 6 times greater for animals in Pacific sediments than
the same species in Atlantic sediments, even though the two sediments show
the same equilibrium K factors for this transuranic. Fig. 4.1 illustrates

241 d
the uptake of Am from Atlantic and Pacific sediments by the clam
Venerupis decussata and the polychaete worm Hermione hystrix. However, an
examination of the selective leaching results for Am in these two sediments
shows that about five times as much Am is held in the residual resistant
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Fig. 4.1 Americium-241 transfer factors as a function of time for
the polychaete worm H. hystrix and the clam V. decussata
exposed to contaminated Atlantic and Pacific sediments.
Error bars represent +• standard error on the mean for 4
individuals. The curves were fitted by eye.

phase in the Atlantic sediment compared to the Pacific one. These results
clearly indicate that K values alone are, at least for Am, inadequate
as a basis for predicting and modelling sediment-animal bioavailability in
the deep-ocean. The influence of geochemical partitioning of long-lived
radionuclides on bioavailability is now being studied for various
sediments, nuclides and benthic organisms (Aston and Fowler, submitted).
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4.4 Radiobiological modelling of exposure to man from the deep-sea
disposal of radioactive wastes (S.R. Aston and M.S. Baxter)

To supplement the experimental studies concerned with the deep-sea
disposal of radioactive wastes, some modelling studies have been carried
out concerning the radiobiological consequences which might occur if in the
future high-level radioactive wastes were to be disposed of in deep-ocean
sediments.

Firstly, an assessment of the problem of the extremely long-lived129radionuclide I was investigated (Baxter and Aston, 1982). This
nuclide is of interest especially because of the lack of affinity of iodine
for sediments and thus its potential ease of release to seawater. About 15

129kCi (0.55 PBq) of I have been predicted to accumulate from the nuclear
power industry by 2000 A.D. Using a conservative conventional health
physics approach to estimating the dose to man via the critical pathway for
iodine (seaweed consumption) it has been estimated that an annual dose of
1.3 nSv y would be delivered to the critical organ (thyroid) from the129deep-sea disposal of the I inventory at 2000 A.D. The resulting
radiation exposure to man would be around one millionth of purely natural
exposures which is negligible even relative to the observed variations in
the latter.

Of the potential critical pathways to man from the deep-ocean
disposal of radioactive wastes, the seaweed consumption pathway is the most
common. Thirty-six of the eighty principal radionuclides in waste have the
seaweed consumption as their potential critical pathway. Therefore it was
appropriate to evaluate the potential hazards associated with this transfer
route in the context of possible future deep-sea disposal of high-activity
wastes (Baxter and Aston, 1983). Such an evaluation is currently of
particular value because it can relate figures for possible ingestion of
radionuclides in seaweeds to their Annual Limits on Intake (ALI's) as
defined recently In ICRP-30. Again using a conservative health physics
approach to modelling the seaweed pathway it may be concluded that deep-sea
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disposal of all high-activity wastes accumulated by 2000 A.D. could
conceivably produce a significant and excessive hazard to man via the
seaweed consumption pathway. The major risk has been shown to be

244associated with Cm and Am isotopes.

The radiological hazard assessment of the types discussed above is
being continued to other pathways of exposure to man.
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5. Studies on Processes Affecting the Fate of Marine Pollutants

5.1 Concentrations of trace metals in Mediterranean seawater
(L. Huynh-Ngoc and R. Fukai)

In order to re-examine the trace metal concentrations published to
date by various authors for the open Mediterranean Sea under the light of
the current application of the clean laboratory techniques, the
determination of Cu, Zn, Cd, Hg and Pb was carried out during 1981-1982 by
using pulse anodic stripping voltammetry.

In April 1981, several vertical profiles of seawater samples were
collected from the western Mediterranean during a French national
océanographie campaign "Phycemed" on board R.V. "Suroit". The collection
was made with a modified 10 lit. GO-FLO sampling bottle and the analyses of
Cu, Zn, Cd and Pb in the samples were performed immediately after in a
"clean laboratory" on board by using pulse anodic stripping voltammetry
with a glassy-carbon electrode coated with a thin mercury film. The
measurements were carried out at pH 2 for Cu, Cd and Pb and at pH 8 for
Zn. The mercury determinations were made in a shore laboratory on samples
acidified at pH 1.5 and preserved. For these measurements a pure
glassy-carbon electrode was used. During the cruise of R.V. "Gauss" in
April 1982 seawater samples were also collected from the northwestern
Mediterranean, transferred into precleaned Nalgene bottles and stored
without acidification at room temperature ( <20 C). These samples were
analyzed a few months later by techniques similar to those utilized for the
samples of the "Suroit" in a shore laboratory under a laminar flow hood.
The ranges of the results of these measurements are compared in Table 5.1
with those obtained previously by Huynh-Ngoc and Fukai (1979) in similar
océanographie regions. The table shows that the ranges for the 1979
results are very much higher than those for the 198-1-82 results, due
certainly to the procedural contamination of the trace metals during
sampling, processing, storage and analysis. Although the comparisons
between the 1981 and 1982 ranges are difficult due to different conditions
for the measurements, the ranges for 1982 tend to shift towards the higher
sides. These differences are likely to be caused mainly by the conditions
for the sampling operations, since the difference for the measuring step
was small. Although it is not sure that the 1981 sampling was absolutely
effective in eliminating procedure contamination, this observation again
proves that the precaution against contamination during sampling operations
is critical for obtaining meaningful results and that the storage time of
the samples should be shortened as much as practically possible, if storage
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Table 5.1 The concentration ranges of Cu, Zn, Cd, Pb and Hg in seawater
measured during the "Phycemed" and "Gauss" cruises in comparison
with those in 1979 (ng 1~ )

Element 1979 1981
"Phycemed"

Cruise

1982
"Gauss"
Cruise

Acidity of
the Measurements

Cu

Zn

Cd

Pb

Hg

<40 - 5800

20 - 10000

< 20 - 700

8 - 3 2

< 2 - 300

<2 - 238

<2 - 16

10 - 340

< 2 - 17

92 - 867

44 - 455

<2 - 44

26 - 115

3 - 2 3

pH 2

pH 8

pH 2

pH 2

pH 1.5

could not be avoided altogether. The results obtained for the 1981 samples
mostly agree with those obtained on the same subsamples acidified, stored
and analyzed by atomic absorption spectrophotometry after the
preconcentration in a shore laboratory at Villefranche, France (Laumond,
e_t_ a^, in press).
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5.2 River inputs of hydrocarbon residues into the Mediterranean Sea
(K. Burns and J.-P. Villeneuve)

Investigations of sediments and water from some of the estuaries in
southern France showed that river inputs are a major source of chlorinated
hydrocarbon pollutants in the Mediterranean, and that inputs of many
compounds are highly seasonal. Sampling in both coastal and open sea areas
was conducted according to time available on visiting research vessels.
Previous reports from the Laboratory have detailed the distribution of PCBs
and the DDT series of pesticides. Reassessment of Mediterranean samples
showed the pesticide lindane to be the major contaminant of the high
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boiling chlorinated hydrocarbon series other than PCBs. Lindane is
currently one of the major chlorinated hydrocarbon insecticides registered
for use in agriculture. It showed distribution patterns different than the
PCBs and was thus used as a model to study comparative transport mechanisms
(Villeneuve and Burns, in press).

Concentration of lindane in coastal sediments collected with a 15 cm
grab sampler are shown in bar graph form in Fig. 5.1. Lindane
concentrations were highest near the mouths of rivers draining major
agricultural areas such as the Rhone, Po, Danube and Ebre and near
agricultural areas of Italy, Sicily and northern Africa. The grab sampler
retrieved a mixture of surface and subsurface material. Thus data from
open sea areas collected with a carefully sectioned sediment core are not
necessarily comparable. Sediment cores showed that most of the lindane was
contained in the first 3 to 4 cm of sediment and several cores showed a
distinct subsurface maximum in the 1 to 2 cm slices. The bar graph of
surface concentrations given in Fig. 5.2 identifies the Nile River and
agricultural areas of Greece as significant contributors of lindane to
Mediterranean sediments. Concentrations of lindane in surface seawater in
the Eastern Basin ranged from 61 to 120 pg/1. And two deep water profiles
showed that deep waters had concentrations of lindane 3 to 100 times lower
than surface waters. These results are consistent with the hypothesis that
the main input of lindane to the Mediterranean is from river input and
runoff from other agricultural areas. This is in contrast to the observed
distributions of PCBs which indicate that both atmospheric transport and
runoff are important sources of PCBs in the Mediterranean.

Confirmation of the importance of river input for hydrocarbons was
given in a more detailed study of the Var River Estuary. Twenty liter
water samples collected in March, 1981 before the onset of spring runoff
were analyzed for dissolved and particulate hydrocarbon residues using a
resin adsorption apparatus with in-line glass fiber filters (Gelman AE).
Plots of total concentration versus distance from the river mouth showed
that the concentrations of PCB, lindane and suspended particles were
inversely correlated with distance and salinity (Fig. 5.3). The percentage
of PCB residues associated with particles was related to particle loading
and molecular solubility of the pollutants, consistent with sorption
models. In contrast to PCBs, the concentrations of total hydrocarbons and
unresolved hydrocarbons (URE) were relatively constant with salinity and
usually showed greater than 70% particle association. Exceptions were
samples showing a large biogenic hydrocarbon input or a large component of
relatively fresh fuel oil contamination. The regressions taken from the
data plotted in the figure show that rivers are highly significant sources
of particulate matter in coastal waters making material available for
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Fig. 5.1 Sediment core sampling stations in the Mediterranean sea.
R.V. Knorr O) April 1976; R.V. Hayes (•) May-June 1977;
R.V. Shikmona (a) July 1977; R.V. Meteor (o) (Approximate
Location Nov. 1978). Seawater collected from R.V. Researcher
(•0 June 1979. Bars represent concentrations in surface
sediments (0-1 cm).



Fig. 5.2 Concentrations of lindane in Mediterranean and Black Sea
surface sediments collected by using a grab sample from
coastal zones during the cruise of R.V. Calypso, 1977.
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Fig. 5.3 Plots of In of concentration versus distance from river
mouth of the Var Estuary. A. Lindane; B. Suspended
particles; C. PCBs, and D. Linear plots of (total
hydrocarbon) and (URE).

binding organic pollutants such as petroleum and PCBs. The Var River was a
significant source of lindane and pp'DDE confirming that river inputs have
major influences on the distributions of persistent pesticides in
Mediterranean ecosystems. The low correlation between the concentration of
PCS with distance from the river shows that river inputs may be important
in localized areas but these are superimposed on widespread distributions
consistent with atmospheric transport of residues. Petroleum hydrocarbons
are highly variable in water samples resulting from direct inputs to the
sea surface, river inputs and atmospheric precipitation of combustion
products (Burns and Villeneuve, 1982).
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Processes of partitioning of residues of hydrocarbons between
dissolved and particulate phases was further investigated by participation
in a research cruise aboard the German hydrographie ship "Gauss" in the
Gulf of Lyon in April, 1982 to investigate inputs from the Rhone River
system into the Western Mediterranean.
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5.3 Vertical flux of hydrocarbon residues as measured in sediment trap
material (K. Burns and J.-P. Villeneuve)

In collaboration with the Biology Group of our Laboratory, samples
collected between May 1979 and April 1981 from the semi-permanent sediment
trap station located approximately 2 km offshore of Monaco were analyzed
for chlorinated and petroleum hydrocarbons. Traps were anchored at 100m in
a water column of 250ra and deployments were made for 8-10 days without
added preservatives. Time series observations showed that fluxes of all
components measured varied seasonally by an order of magnitude (Table
5.2). Data for PCB flux spans the full two years and is plotted in one

Table 5.2 Average flux of hydrocarbon contaminants at 100 m measured
in sediment trap material at the Monaco station May, 1979
to April, 1981

PCB Lindane DDT DDE Petroleum

Average flux * 3.22 0.05 0.02 0.11 8.45

(n) number 26 12 12 12 9
of samples

range of 0.34-9.95 0.00-0.11 0.00-0.18 nd-0.23 2.69-16.52
flux estimates *

2* Units of flux estimates are ng/cm yr for PCB (as Aroclor 1254) and petroleum and
2ng/cm yr for lindane, DDT and DDE (ODD not detectable).
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seasonal graph (Fig. 5.4). Seasonal lows in PCB flux occurred in March,
May and September samples with seasonal highs in winter and early summer.
These trends are consistent with trends in near surface Zooplankton biomass
e.stimates for this region, Analysis of surface /.ooplankton and their feces
recovered Croui live animals confirmed that tho bi.ota are important for
packaging bol h dissolved and paniculate hydrocarbon res i.dues into largo
fast-sink ing particles. Average water column i." Luxe s were combined with
data on tho biological and sedimentation procosses to estimate tho
importance of various biogeoc.heniica 1 processes on the distribution and
transport of hydrocarbon residues in the coastal Mediterranean (Burns
o_t al., in prep.; Burns and Villeneuve, in press).
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!>. A R Jo logic, a L and sedimentation processes of hydrocarbon residues in the
coastal Mediterranean water column (K. Burns and J.-P. Vil Leiiouve)

'in further experiments conducted at the Monaco sodiiï'ont trap station,
sediments, trap material, dominant surface plankton and collected feces
were sampled concurrently with surface seawatcr and analyzed for
hydrocarbon content. The results showed that the various components of tho
marine ecosystem incorporate different fractions of hydrocarbons entering
the sea surface from biogenic and mixed pollution sources. Tho
distribution of fractions between dissolved and parMen Late phases in
surface seawater is dependent on physico-chemical processes of solution and
sorption and is influenced not only by particle abundance but also by the
relative solubility of various hydrocarbon components. Residues
transported long distances away from input sources either in vertical depth
or in distance from point sources are highly modified by biogeochemicai
processes including the physico-chemical partitioning between «eawater
phases, incorporation into organisms and focal material, and processes of
biological and photo-chemical degradation. These processes are
interdependent and the relative importance of each varies with the chemical
composition of the pollutant: residues and local environmental conditions.
The analysis of surface plankton and feces confirmed the importance of the
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Table 5.3 Hydrocarbon fluxes at Monaco trap station in September, 1981 (yg cm y )

Lipid Hydrocarbons
Petroleum URE

Chlorinated Hydrocarbons
PCB* Lindane HCB

A. Flux at 100 m estimated
from sediment trap material

3 - 3 2 0.8 - 1.0 0.6 - 0.9 (0.6 - 0.9) (0.0 - 0.2) (0.0 - 1.4)
xlO,-3 xlO,-6 xlO-6

B. Flux from background particles
estimated from water particulates
and mean weighted settling
velocity

0.5 0.4 0.5x10-3 18x10-6 16x10-6

C. Flux at sediments estimated
from sedimentation rate and
average surface sediment
concentrations

0.9 0.8 2.9xlO~3 5.3x!0"3 7.3xlo"3

* PCBs were calculated as Arocior 1254 equivalents for surface particles and trap samples and as Aroclor 1260
equivalents for sediment samples.



biota, not only in packaging both soluble and particulate residues into
fast sinking particles and thus transporting the material from surface to
sediments, but also in modifying the composition of components through
metabolism and selective incorporation into body tissues and feces.

Apparent sedimentation rate was calculated at the trap station by
210analysis of Pb content in core samples. This rate was used to estimate

the average deposition rates of selected organics at the sea-sediment
interface. The flux of particles through the water column at 100 m, as
measured in trap samples collected in late summer when biomass was at a
seasonal minimum was not sufficient to account for the levels of organics
seen in sediments (Table 5.3). Thus the transport to depth of all classes
of hydrocarbons examined is highly seasonal depending on the varying inputs
and the abundance of surface plankton to aid in residue redistribution. By
comparing fluxes calculated at the sediments with the long term averages
for trap samples and by evaluating changes in composition of hydrocarbon
residues between surface and sediment samples, several useful marker
compounds were identified. These were the polychlorinated biphenyls and
the polynuclear aromatic hydrocarbons deposited from the atmosphere as
combustion products. Using these recalcitrant molecules as markers,
progress was made in inferring the relative importance of the various
biogeochemical transport processes in distributing pollutant residues in
the Mediterranean ecosystem (Burns, 1982; Burns and Villeneuve, 1983).
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6. Special Missions

6.1 Assistance to the environmental radioactivity monitoring programme in
the Democritos Centre of the Greek Atomic Energy Commission (R. Fukai)

In view of the proposed installation of a nuclear power plant along
the sea coast south of Athens in the near future, the Greek Atomic Energy
Commission intends to conduct a baseline study of environmental
radioactivity around the future site of the power plant by extending the
on-going programme of national radioactivity monitoring. This programme is
presently carried out by the Democritos Atomic Energy Research Centre. At
the request of the Centre, the Monaco Laboratory sent a staff member from
13 to 17 April 1981 to advise on the modification of their environmental
monitoring programme to adapt to the new situation. During the mission,
the future site of the power plant was visited and a concrete programme for
the baseline study was established by discussing in detail the
environmental materials to be sampled and measured, the frequency and
methods of the sampling and techniques for radionuclide measurements to be
adopted. The Centre was judged to possess sufficient instrumentation
necessary for sophisticated measurements such as alpha- and gamma-
spectrometry. There is a problem arising from a lack of a sufficient
number of technical personnel trained to utilize these instruments to their
full capacity. The possibility of training the laboratory personnel in
environmental radioactivity measurements at the Monaco Laboratory by
applying to the IAEA Fellowship Programme was also discussed.

6.2 Assessment of marine oil pollution problems in the Sultanate of Oman
(K. Burns, J.-P. Villeneuve, S. Fowler and V. Anderlini)

In response to a request from the government of the Sultanate of
Oman, the Monaco Laboratory, in collaboration with the Kuwait Institute of
Scientific Research, organized a field survey to assess baseline levels of
oil and other pollutants in the Omani coastal environment from 25 September
to 4 October 1980. The project which was carried out within the framework
of the KAP Pollution Monitoring Programme was one of the first activities
of its kind undertaken in the Gulf region. The survey consisted of
collecting samples of marine biota and sediments at selected locations
along the entire coast of Oman (^ 1800 km) from approximately 17 to 26 N
latitude. All samples were prepared in the field, frozen and
returned to the Monaco Laboratory for analysis of dissolved petroleum
hydrocarbons, pesticides, PCBs and various heavy metals. In addition, at
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Fig. 6.1 Typical beach transect used for tar ball survey.

11 beach stations, tar balls were quantitatively surveyed by established
methods (Fig. 6.1).

The results of the beach survey showed that there was a clear trend
of increasing tar pollution along a gradient from the southern border with
Yemen to the Strait of Hormuz (Table 6.1) (Burns e£ al_, 1982). This trend
is consistent with the complaint that tankers begin discharging oil-laden
ballast waters well down the coast of Oman so that the ships are empty at
the time they enter the Gulf. Average levels of approximately 0.25 tonnes
of tar per km of beach in Oman, while somewhat lower than values recently
reported for Kuwait, are substantially higher than those which have been
measured in most areas of the world.

Data from the hydrocarbon analyses of oysters were consistent with
beach tar observations and confirmed the trend of increasing levels of oil
residues close to the Straits of Hormuz. The relatively low levels of
hydrocarbons in oyster tissue and the fact that very little floating tar
was observed indicated that there was not as much oil present in the water
column as would be expected on the basis of the amount of tar found on
beaches.
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Table 6.1 Average quantities of tar on Oman beach transects and estimates
of standing stock. Estimates do not include islands and are
extrapolations for regions based on data collected from individual
beaches

Region
(beaches surveyed)

Mean tar
(g m )

Beach length
(km)

Standing stocks
( tonnes )

Gulf side
1. Bukha
2. N. Bukha

Gulf of Oman

3. Lima
4. Shinas
5. Al Khabura

6. Al Qurum

7. Ras al Hamra
8. Mina al Fahal

Muscat-Ras al Hadd

estimated from 6 and 7
Ras al Hadd-Ras Madraka
9. Masira Island

Ras Madraka-Yemen border
10. Taquah

11. Maghsail

647
2325

775
1033
340
30 >

}
36 )

1188

33
30

120
90
125

85

20

21.35
69.75

93.00
92.97
42.50

2.80

23.76

33

139

5 }
15 }

TO PAL

195

580

690

1968 km

6.44

80.62

6.90

440

The study showed that the major oil pollution problems in Oman appear
to arise from intermittent discharges of crude oil to the sea surface. It
was concluded that fast rates of evaporation of the light fractions and
photo-chemical condensation reactions increase the weight of oil residues
thus causing the heavier fractions (tar) to aggregate and sink. Thus most
of the oil that reaches the Omani coast arrives as solid or semi-solid tar
lumps which can be readily collected and weighed for assessing coastal
pollution loads.
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Analyses of chlorinated hydrocarbons and heavy metals in both
sediments and organisms showed that present levels are relatively low in
Oman compared to similar samples from more industrialized areas of the
world. This finding underscores the contention that environmental studies
in the Gulf region should concentrate on problems related to chronic oil
pollution.

Reference

Burns, K.A., Villeneuve, J.-P., Anderlini, V.C., Fowler, S.W. (1982).
Survey of tar, hydrocarbon and metal pollution in the coastal waters
of Oman, Mar. Poll. Bull., 13, pp. 240-247.

6.3 Assistance to the Socialist People's Libyan Arab Jamahiriya in
assessing coastal marine pollution (S. Fowler, K. Burns,
J.-P. Villeneuve, B. Oregioni and C. Cattini)

Like many of the developing countries around the Mediterranean, the
Socialist People's Libyan Arab Jamahiriya (Libya) is experiencing rapid
urban and industrial growth principally along its coastal zone. Petroleum
is Libya's most important natural resource and the various activities of
the petroleum industry may serve as one source of the large amounts of oil
that have been reported along Libya's coastline. The problem is further
compounded by the fact that tankers passing between Sicily and Libya often
discharge their ballast waters which are carried onto the Cyrenaics coast
by the prevailing winds and currents. To help document the current state
of pollution in Libyan coastal waters, the Monaco Laboratory, as part of a
UNEP multi-disciplinary field mission, was responsible for making a
scientific assessment of the coastal situation through visual observation
of oil on beaches and pollutant analyses of marine biological samples.

Time did not permit undertaking quantitative beach tar surveys,
nevertheless, visual observations made at several beaches in the vicinity
of Tripoli suggested that the immediate coastline was heavily impacted by
oil. This was particularly true at Sabrata where the rocky intertidal zone
just below the historical excavations was covered in numerous places by a*
thick carpet of fresh oil and tar. Based on these qualitative observations
from the Tripoli area, it was concluded that many beaches in Libya are more
heavily impacted than those in Oman (Burns, et_ al_, 1982), although a far
wider area of Libya needs to be surveyed before any definite conclusions
can be drawn concerning the entire 2000 km coastline.

Analyses showed that all the organisms sampled contained significant
amounts of petroleum hydrocarbon residues in their tissues. Moreover,
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levels of total hydrocarbons in Libyan fish muscle are somewhat higher than
have been reported in fish from Arabian seawaters that are known to be
impacted by oil and tar. It is unclear whether the differences noted
between fish from Oman and fish from Libya are due to different metabolisms
of the fish species sampled or to different degrees of oil inputs in the
two regions. More analyses of Libyan fish and dissolved petroleum
hydrocarbons in the surrounding seawater are needed to help resolve this
question.

With respect to halogenated hydrocarbons and heavy metals, levels
generally were at the low end of the range of values reported for similar
Mediterranean species and, therefore, did not indicate the presence of
widespread contamination by these substances. This observation is
consistent with the notion that the levels of industrial contaminants like
PCBs and certain heavy metals are generally less in the relatively
undeveloped north African sector of the Mediterranean Sea. Only in the
case of Cd in mussels from Alalos did levels appear to be higher than those
normally found. There are no obvious sources of Cd input in the relatively
pristine environment in this region, thus the concentrations noted in these
molluscs may be representative of natural background levels.

Based on the results of this pilot survey, rcommendations were made
to the Libyan authorities on the mechanism and methodologies to be used in
carrying out a comprehensive coastal pollution monitoring survey.

Reference

Burns, K.A., Villeneuve, J.-P., Anderlini, V.C., Fowler, S.W. (1982).
Survey of tar, hydrocarbon and metal pollution in the coastal waters
of Oman, Mar. Poll. Bull., 13, pp. 240-247.

6.4 Technical co-operation with the National Laboratory for Energy and
Industrial Technology, Portugal (S. Ballestra)

An advice mission was undertaken during 1-21 November 1982 to the
Department de Proteccao e Seguranca Radiologica of the Laboratorio National
de Engenharia e Technologia Industrial (Sacavem, Portugal) in order to
assist the laboratory staff in solving technical problems related to the
radionuclide measurements, especially the transuranic measurements,
of samples collected from the marine environment around Portugal. The
analytical performance of transuranic measurements has been substantially
improved through discussion, guidance and supervision of several
radiochemical steps which have been performed by the laboratory personnel.
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Another similar mission is considered useful after the problem of
malfunctioning of the alpha-spectrometry system has been resolved, in order
to complete the transfer of the modern spectrometric techniques to the
Portugese Institution.

6.5 Assistance to the Spanish Atomic Energy Commission in developing
marine environmental monitoring and research programme
(S. Aston and S„ Ballestra)

Two visits were paid to the Department de Seguridad, Junta de Energia
Nuclear, Madrid in November and December 1982, both by a staff member from
the Monaco Laboratory. Since nuclear power plants have already been in
operation for some years in Spain and some of the low-level radioactive
effluents from these installations are released into the rivers, it is
important to evaluate scientifically the impact of these releases in order
to ensure the safety of such operations to the public. On one of these
visits, techniques for the determination of low-levels of long-lived
(mainly transuranic) radionuclides in marine environmental materials were
discussed in detail. During the other visit discussions were held on
participation of the Spanish Institute in the Co-ordinated Research
Programme on "the Behaviour of Long-lived Radionuclides Associated with the
Deep-sea Disposal of Radioactive Wastes", which is being conducted by the
Monaco Laboratory in collaboration with a number of national institutions.
Also the prospects for technical co-operation with the Monaco Laboratory
and the training of scientists there were explored.
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APPENDIX 3

MEETINGS AND CONFERENCES ATTENDED AND REPORTS AND PAPERS PRESENTED
(1981-1982)

1981

Meeting of Experts to Evaluate the Pilot Phase of MED POL and to Develop
a Long-term Monitoring and Research Programme for the Mediterranean
Action Plan, 12-16 January 1981, Geneva (A. Walton, R. Fukai).

Biological Oceanography Workshop of the U.S. Subseabed Disposal Programme
for High Level Wastes, 12-16 January 1981, Jackson Hole, Wyoming, U.S.A.
(S. Fowler, R. Cherry). Paper presented: "Radioecological aspects of

Deep-sea waste disposal of radionuclides" by S.W. Fowler.
Discussion Meeting on the Construction of a High-pressure Experimental

Facility for Deep-Ocean Radionuclide Simulation Studies, 27-29 January 1981,
EEC Joint Research Centre, Ispra, Italy (S. Aston).

Seminar on Hydrocarbons in the Sea, 28 January 1981, EEC Joint Research Centre,
Ispra, Italy (K. Burns). Paper presented: "Hydrocarbons in the sea" by
K. Burns.

GESAMP Working Group on Review of the Health of the Oceans, 9-14 February 1981,
FAO, Rome (S. Fowler).

Second Meeting of Contracting Parties of Mediterranean Action Plan,
2-6 March 1981, Cannes, France (A. Walton).

SCOPE Planning Committee Meeting on Chemical Changes in the Coastal Zone,
Mussel Watch II, 5-6 March 1981, Paris (S. Fowler).

ERDA Fifth Workshop on Environmental Research for Actinide Elements,
17-19 March 1981, Livermore, California, U.S.A. (R. Fukai).

Advanced Research Institute on Trace Metals in Sea Water, 30 March -
3 April 1981, Erice, Sicily, Italy (R. Fukai). Paper presented:
"Vertical distribution of trace elements in the Mediterranean in
relation to that of fallout radionuclides" by R. Fukai.

IAEA Symposium on Methods of Low-level Counting and Spectrometry, 6-10 April 1981,
Berlin (S. Ballestra). Paper presented: "Radiochemical measurement of
technetium-99 in the marine environment" by M. Thein, S. Ballestra,
R. Fukai.

First Government Expert Review Meeting on Co-operative Projects of Kuwait
Action Plan, 11-15 April 1981, Kuwait (A. Walton, S. Fowler).

Second Meeting of GESAMP Working Group on Sea Disposal Studies, 27-30 April 1981,
London (S. Fowler).

Tenth Session of Inter-agency Advisory Committee on MED POL Projects,
4-8 May 1981, UNEP, Geneva (R. Fukai).
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IAEA Research Co-ordination Meeting on Transuranic Cycling Behaviour in
the Marine Environment, 11-15 May 1981, Monaco (R. Fukai, S. Fowler,
S. Aston, N. Fisher, S. Ballestra). Papers presented: "Intercalibration
of transuranic measurements" by R. Fukai, S. Ballestra, M. Thein;
"Distribution of transuranic nuclides in Mediterranean ecosystems" by
S. Ballestra, M. Thein, R. Fukai.

Inter-agency Meeting for Formulating Pollution Monitoring Programme in the
Mediterranean Region, 10-12 June 1981, UNEP, Geneva (K. Burns).

Fourteenth Session of IOC Executive Council, 22-27 June 1981, Tenerife,
Canary Islands, Spain (A. Walton).

NEA/OECD Executive Group Meeting on Research and Surveillance for Sea
Disposal of Radioactive Wastes, 6-8 July 1981, Paris (S. Aston).

Eleventh Session of Inter-agency Advisory Committee on MED POL Projects,
6-10 July 1981, UNEP, Geneva (R. Fukai).

First KAP Task Team Meetings on Oceanography and Baseline Studies on Oil and
Non-oil Pollutants, 5-10 September 1981, Kuwait (S. Fowler).

Inter-agency Advisory Meeting on UNEP's Regional Seas Programme Activities,
14-18 September, 1981, UNEP, Geneva (A. Walton).

Third International Conference on Heavy Metals in the Environment,
15-18 September 1981, Amsterdam (L. Huynh-Ngoc). Paper presented:
"Speciation changes of trace metals in the Var Estuary, Mediterranean"
by L. Huynh-Ngoc, R. Fukai.

Twelfth Session of Inter-agency Advisory Committee on MED POL Projects,
24-25 September 1981, Athens (R. Fukai).

First Meeting of the Working Group for Scientific and Technical Co-operation
for MED POL, 28 September - 2 October 1981, Athens (R0 Fukai).

Training Course on Management and Conservation of Marine Resources,
13-15 October 1981, International Ocean Institute, Malta (S. Aston).
Lecture given on "Technical aspects of radioactive waste disposal
in the deep ocean" by S. Aston.

IAEA Consultants Meeting on the Analytical Quality Control Programme,
13-16 October 1981, IAEA, Vienna (R. Bojanowski).

First Sub-Group Meeting of the International Committee for Radionuclide
Meterology, 14-16 October 1981, Brussels (S. Ballestra).

1981 Ocean Pollution Conference, 19-29 October 1981, Halifax, Canada
(A. Walton).

Twelfth Session of GESAMP, 22-28 October 1981, WHO, Geneva (R0 Fukai).
Second International Conference on Environmental Analytical Chemistry and

Workshop on Chemistry and Analysis of Hydrocarbons in the Environment,
23-27 November 1981, Barcelona (K. Burns). Paper presented:
"Hydrocarbons in coastal waters: Victoria, Australia and Var Estuary,
S. France" by K. Burns, J.-P. Villeneuve.
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GESAMP Working Group on an Océanographie Model for the Dispersion of Waste
Disposed of in the Deep Sea, 23-27 November 1981, Monaco (A. Walton,
R. Fukai, S.Fowler, S. Aston).

IAEA Consultants Meeting on Analysis of Information Collected on Present
Nuclear Discharges at Sea with Reference to the Definition of Marine
de Minimus for the London Dumping Convention, 14-18 December 1983,
Monaco (R. Fukai, S. Aston).

1982
Second KAP Task Team Meetings on Oceanography and Baseline Studies on Oil and

Non-oil Pollutants, 9-13 January 1982, Kuwait (S. Fowler).

Meeting of Government Experts on Regional Marine Programmes, 18-22 January 1982,
TJNEP, Nairobi (A0 Walton).

IAEA Advisory Group Meeting on the Preparation of the 1983 International
Conference on Radioactive Waste Management, 16-19 February 1982 (S. Aston).

CEC Workshop on Behaviour of Technetium in the Environment, 25-26 February 1982,
La Baule, France (S. Fowler). Paper presented: "The biological
availability of technetium to marine invertebrates" by S. Fowler.

Meeting of CEA Working Group No. 5 on Methods for Radionuclide Measurements,
9-10 March 1982, Monaco (R. Fukai, S. Ballestra).

Seminar on Polarographic and Voltammetric Techniques, 9-12 March 1982,
Institut de Chimie et Physique Industrielle, Lyon, France (L. Huynh-Ngoc).
Lecture given: "Sampling and storage of sea water for trace metal
determinations" by L. Huynh-Ngoc.

Thirteenth Session of Inter-agency Advisory Committee on MED POL Projects,
15-18 March 1982, TJNEP, Geneva (R. Fukai).

Fourth Session of the GIPME Group of Experts on Methods, Standards and
Intercalibration (GEMSI), 25-31 March 1982, Curacao, Dutch Antilles (K. Burns),

CEC Workshop on the Behaviour and Control of Radionuclides in the Marine
Environment, 29 March 1982, CEC, Brussels (N. Fisher). Paper presented:
"Future perspectives in marine radioecology" by N. Fisher, S. Fowler,,

International Union of Radioecologists' Workshop on Present and Future
Objectives in Radioecology, 30 March 1982, Brussels (N. Fisher).
Paper presented: "A review of marine radioecological research
activities in the Mediterranean region (including Portugal, Switzerland
and Austria)" by N. Fisher, S. Fowler.

NBA Joint Meeting of Task Groups of the Co-ordinated Research and
Environmental Surveillance Programme, 21-22 April 1982, Lowestoft,
England (S. Aston).

Inter-agency Meeting on the Kuwait Action Plan, 3-5 May 1982, UNEP,
Geneva (A. Walton).

Seventh International Symposium on the Chemistry of the Mediterranean,
6-12 May 1982, Primosten, Yugoslavia, (So Aston). Paper presented:
"The geochemistry of transuranic and fission product radionuclides
in estuarine and near-shore sediments".
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Workshop on Flows of Energy and Materials in Marine Ecosystems,
12-20 May 1982, Bombannes, France (S. Fowler).

Meeting of CEA Working Group No. 5 on Methods for Radionuclide Measurements,
15-16 June 1982, Valduc, France (S. Ballestra).

Preparatory Meeting for the Joint CEC/IAEA Workshop on Behaviour of
Americium and Curium in the Environment, 23 June 1982, Brussels
(S. Fowler).

IAEA Research Coordination Meeting on the Study of Radioactive Materials in
the Baltic Sea, 5-9 July 1982, Vienna (R. Fukai). Paper presented:
"Evaluation of the results of the intercalibration exercise of
radionuclide measurements on the sediment sample SD-N-1 and the plans
for the future intercalibration" by R0 Fukai.

Joint Océanographie Assembly, 2-13 August 1982, Halifax, Canada (S. Fowler,
N. Fisher). Papers presented: "Biological transfer of pollutants in
the marine environment" by S. Fowler (at the Pollution Session);
"Biokinetics of transuranic elements in marine plankton" by N. Fisher,
P. Bjerregaard, S. Fowler (at the Marine Chemistry Session).

Inter-agency Meeting for the Pilot Project on the Establishment of the
Degree of Pollution in the Marine Environment of West and Central
Africa, 25 August, 1982, FAO, Rome (S„ Aston).

First International Seminar on the Mediterranean Problem, 25-26 August 1982,
Erice, Sicily, Italy (S. Fowler, K. Burns). Papers presented:
"Trace contaminants in organisms from the open Mediterranean Sea"
by S. Fowler; "Vertical transport of hydrocarbons in the coastal
Mediterranean" by K. Burns.

IAEA Technical Committee on Environmental Assessment Methodologies for the
Sea Dumping of Radioactive Wastes, 30 August-3 September 1982, Vienna
(S. Aston).

Meetings of KAP Focal Points (UNEP/ROPME), 6-12 September 1982, Kuwait
(S. Fowler).

NERC Workshop on Future Priorities on Estuarine Processes, 14-17 September
1982, Norwich, England (S» Aston).

Inauguration of UNEP's Co-ordination Unit for the Mediterranean Action
Plan, 27 September 1982, Athens (R. Fukai).

IAEA Advisory Group Meeting on the Radiological basis for IAEA recommendations
under the London Dumping Convention, 4-8 October 1982, Vienna (S. Aston).

IAEA Technical Committee on the Assessment of Intake of Radioactive Materials
of Members of the Public through Food Chains including Water,
4-8 October 1982, Vienna (S. Fowler).

Joint CEC/IAEA Workshop on the Behaviour of Americium and Curium in the
Environment, 12-13 October 1982, Monaco (S. Aston, S. Ballestra,
No Fisher, S. Fowler, R. Fukai). Papers presented: "Laboratory
studies of the behaviour of americium in the marine environment"
by S. Fowler, N. Fisher, S. Aston; "Vertical distribution of
americium in the Mediterranean water column" by R. Fukai,
S. Ballestra.
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Annual Seminar in Océanographie Institute, Paris, 22 October 1982,
Paris (S. Fowler). Lecture given: "Biological transfer and
transport of pollutants in the marine environment" by S. Fowler.

GESAMP Working Group on the interchange of Pollutants between the
Atmosphere and the Oceans (organized by WMO/IAEA), 25-29 October
1982, Monaco (R. Fukai).

IAEA Research Coordination Meeting on the Behaviour of Long-lived
Radionuclides Associated with the Deep-Sea Disposal of Radioactive
Wastes, 8-12 November 1982, Lisbon, Portugal (R. Fukai).

Sixth Workshop on Pollution of the Mediterranean (ICSEM/UNEP/IOC),
2-4 December 1982, Cannes, France (S. Ballestra, K. Burns, R. Fukai,
J.-P. Villeneuve): Papers presented:
"Transport of lindane in the Mediterranean Sea" by J.-P. Villeneuve,
K. Burns;
"Vertical flux of petroleum and chlorinated hydrocarbons in the
coastal Mediterranean" by K. Burns, J.-P. Villeneuve;
"Characteristics of the vertical transport of transuranic elements
through the Mediterranean water column" by R. Fukai, S. Ballestra,
"Distribution of transuranic nuclides in the coastal ecosystems of
the northwestern Mediterranean" by S. Ballestra, M. Thein, R. Fukai.

XXVIII Congress and Plenary Assembly of I.C.S.E.M., 2-11 December 1982,
Cannes, France (S. Ballestra, R. Bojanowski, F.P. Carvalho, N. Fisher,
S. Fowler, R. Fukai, S. Topcuoglu). Papers presented:
"Biokinetics of technetium (̂ m̂Tc) in marine macroalgae" by
S. Topcuoglu, S. Fowler;
"241-Am assimilation and excretion in marine fish" by F.P. Carvalho,
S. Fowler, J. La Rosa;
"Biokinetics of americium in marine plankton" by N. Fisher,
P. Bjerregaard,S. Fowler;
"A review of marine radioecological research in the Mediterranean
region" by N. Fisher, S. Fowler;
"Natural radionuclides in the northwestern Mediterranean Sea" by
R. Bojanowski, S. Ballestra, R. Fukai.

Joint Meeting of the American Geophysical Union and the American Society
of Limnology and Oceanography, 7-15 December 1982, San Francisco,
California, U.S.A. (K. Burns). Paper presented: "VERTEX in the
Mediterranean: Hydrocarbons" by K. Burns; "Carbon and nitrogen
release by tropical Zooplankton" by L.F. Small, S. Fowler.

Interagency Thematic Programming Meeting on the Global Marine Environment,
13-14 December 1982, Geneva (S. Aston).

UNEP Consultant Meeting on the Mediterranean Intercalibration for Pollutant
Measurements, 13-15 December 1982, UNEP, Geneva (R0 Fukai).
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APPENDIX 4

OCEANOGRAPHIC CRUISES

(1981-1982)

On board R.V. "Suroit" (Centre Nationale pour 1'Explorations des
Oceans, France) (PHYCEMED Cruise), 5-26 April 1981, the Western
Mediterranean (L. Huynh-Ngoc).

On board R.V0 "Cornida de Saavedra" (Spanish Institute of
Oceanography, Madrid, Spain), 10-15 October 1981, the South-
western Mediterranean (J.-P. Villeneuve).

On board R.V. "Wecoma" (Oregon State University, New Port, Oregon,
USA) (VERTEX II Cruise), 19 October - 13 November 1981, the North-
eastern Pacific (off Mexico) (S. Fowler, J. La Rosa).

On board R.V. "GAUSS" (German Hydrographie Institute, Hamburg,
Federal Republic of Germany), 27 April - 4 May 1982, the Northwestern
Mediterranean (R. Fukai, K. Burns, R. Bojanowski, L. Huynh-Ngoc,
S. Ballestra, J0-P. Villeneuve).

On board R.V. "Wecoma" (Oregon State University, New Port,
Oregon, USA) (VERTEX III Cruise), 3-22 November 1982, the North-
eastern Pacific (off Mexico) (S0 Fowler, J. La Rosa).
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APPENDIX 5

MEMBERSHIP OF REGULAR INTERNATIONAL COMMITTEES, WORKING GROUPS AND

PROGRAMMES

(1981-1982)

IMO/FAO/UNESCO/WMO/WHO/IAEA/UN/UNEP Joint Group of Experts on the
Scientific Aspects of Marine Pollution (GESAMP)

GESAMP Working Group on Review of the Health of the Oceans

GESAMP Working Group on Sea-Disposal Studies

GESAMP Working Group on an Oceanic Model for the Dispersion of Waste
Disposed of in the Deep Sea

GESAMP Working Group on the Interchange of Pollutants between the
Atmosphere and the Oceans

UNEP Working Group for Scientific and Technical Co-operation for MED POL
Projects

UNEP Inter-agency Advisory Committee on MED POL Projects

UNEP/ROPME Kuwait Action Plan Task Team on Oceanography

UNEP/ROPME Kuwait Action Plan Task Team on Baseline Studies on Oil and
Non-oil Pollutants

UNEP Inter-agency Committee for the Pilot Projects for Marine Pollution
Monitoring in West and Central African Region

IOC/GIPME Group of Experts on Methods, Standards and Intercalibration (GEMSI)

IAEA Co-ordinated Research Programme on Transuranic Cycling Behaviour in
the Marine Environment

IAEA Co-ordination Research Programme on the Study of Radioactive Materials
in the Baltic Sea

IAEA Co-ordinated Research Programme on the Behaviour of Long-lived
Radionuclides Associated with the Deep-Sea Disposal of Radioactive Waste

NEA/OECD Executive Group for Research on Sea Disposal of Radioactive Waste

NEA/OECD Geochemistry Task Group for Research and Surveillance Programme on
Marine Dumping

ICSEM (International Commission for the Scientific Exploration of the
Mediterranean Sea) Marine Radioactivity Committee

ICSEM Marine Chemistry Committee

ICSEM Marine Pollution Committee
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