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I. INTRODUCTION

The Monaco Laboratory, a co-operative project between the
International Atomic Energy Agency (lAE'i), the Monégasque Government
and the Océanographie Institute at Monaco, is administratively
operated by the Division of Research and Laboratories of the IAEA.
Its scientific programme is guided by both that Division and the Division
of Health, Safety and Waste Management.

The principal objectives of its work, as recommended by a
group of consultants convened in December 196?*, are:

1} To promote interlaboratory comparisons, calibration and
standardization of the widely different methods and techniques
being used in national laboratories and institutas for marine
radioactivity studies, with a view to achieving comparability
of their results;

2) To obtain and evaluate scientific information required for
the assessment of hazards arising from the release of radio-
nuclides into the sea;

3) To help co-ordinate the IAEA Coordinated Research Agreement
Programme on Marine Radioactivity and to promo ta collabor-
ation with national laboratories on this subject; and

4) To help Member States, upon request, to solve problems they
may face in connection with the release of radioactive waste
into the sea.

I ABAJLaboraljory Activities, Sixth Report, Technical Reports
Series Ho. 98, IAEA, Vienna (1969) 87.



II» ACTIVITIES OP THE LABORATORY

1. DEVELOPMENT OP REFERENCE METHODS ATO PREPARATION OP
REFERENCE SAMPLES___________________________

1.1. Distribution of reference aeawater samples for intercalibration
purposes

*As partly reported earlier , the collection and preparation of
seawater samples contaminated with various radionuolides at monitoring
levels for the intercalibration of analytical methods, was completed in
the period late 1969 to early 1970. The sampling of the seawater was
carried out under a technical contract between the Fisheries Radio-
biological Laboratory, Lowestoft, UK, and the IAEA.

During the first coordination meeting organized by the Monaco
Laboratory in June 1970, the procedures and technical details to be
followed in the course of the intercalibration operations were discussed
and a, definite schedule of operations was elaborated. On the basis of
these decisions, a circular letter was sent out in July 1970 on a world-
wide basis to some 60 different institutes concerned with marine radio-
activity studies, inviting them to participate in the intercalibration
exercises. At the present time 55 institutes from 26 countries have
answered affirmatively. The geographic distribution of these institutes
is shown in Pig A.

Two batches of seawater samples, 1-1 and 1-2, were dispatched
in October 1970 and reports on the analytical results obtained are
expected at the end of 1970 or early in 1971.

This activity has also received financial support from the
United nations Educational, Scientific and Cultural Organization (UNESCO)
and the first progress report on the interoalibration exercises was
issued by the Monaco Laboratory in December 1970 and sent out to all
participants.

1.2. Homogeneity tests on the reference samples
In order to obtain precise information on the homogeneity of

the distributed reference seawater samples, a number of separate analyses

IAEA Laboratory Activities, Seventh Report, Technical Reports
Series Wo. 103, IAEA, Vienna (1970)



Pig. A » Geographic distribution of the participating
institutes in the intercalibratioa exercise



•were carried out on the samples contained in different bottles. The
89 90radionuclides specifically analysed for this purpose were Sr, Sr,

95Zr/!ib, 106Ru, 144Ce, 134Cs and 137Cs. ' For 89Sr and 9°Sr the standard
90procedure of strontium nitrate separation followed by Y milking was

followed in combination with low-level beta counting. For the rest of
the radionuclides low-level gamma spectrometry was applied with some
group separation. The differentiation of Cs and Cs peaks which
exist close together in the energy range ( Cs, 0.605 and 0.796 MeV;
137Cs, 0.662 MeV) was made through application of the least square method
with the aid of an electronic computer. The computer programme was
elaborated by the Centre Scientifique de Monaco and the gamma spectrometry
work was carried out in close collaboration with this Centre. The lower
limit of quantitative determination of the mixture of Cs and *Cs
was around IpCi with an overall error of ¿ 20f0.

1.3. Studies on the interaction between container wall and radio-
nuclides in solution , .:.".;.
One of the most serious problems encountered in the preparation

of homogeneous liquid reference samples is the tendency of some radio-
nuclides to be sorbed onto the wall of the containers during the
standing time even in the acidic medium. If this phenomenon occurs,
the concentration of some radionuclides in solution changes in the course
of time, so that the analytical results obtained without washing the
container, walls depend on the time lapse between preparation and analysis»
This kind:of sorption may be considered as involving several mechanisms.
In order to obtain some information on the degree and mechanism of the
interaction between the container wall and the radionuclides with easily
sorbable properties, the behaviour of. naturally occurring iron in sea-

•-.! . COwater stored in polyethylene bottles was studied by using Fe as a
radioactive tracer.

The results of the experiments carried out under.different
experimental conditions are given in Fig. B (1,2,3,4). Under the experi-
mental conditions indicated in the figures for each series of experiments,
iron behaved quite differently depending on the acidities of the solution
and the occurrence of particulate matter. The solid and broken curves
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in the figures represent the stable iron and .radioactive iron added,
respectively, both present in solution; the ciroles and dots correspond
to the results obtained through procedures with and without decomposition
of organic matter present in the seawater used.

On the basis of these results it can be deduced that: l) at the
"beginning of 'the period of contact with the container wall the concen-
tration of iron in solution shows irregular changes, while the situation
is stabilized after this initial period; 2) in all conditions, the
occurrence of possible organic fractions of iron was confirmed; 3) even
in acidified seawater some fractions of iron attach to the container wall?
and 4) more than 98$ of the attached iron can be recovered by washing
with hot hydrochloric acid.

These findings supply pertinent information for the future pre-
paration of reference seawater samples and the evaluation of analytical
results obtained in the course of the intercalibration exercises.

1*4» Evaluation of different and analytical procedures
The results of chemical and radiochemical analyses of trace

components in seawater are strongly affected by the procedures used,
since some procedures allow only for the measurement of a specific
chemical form of the elements concerned. Prom this point of view it is
essential to obtain precise information on the limitations and usefulness
of the conventional methods of analysis for radionuclides and their
stable''counterparts concerned in order to evaluate the analytical results
received during the course of the inter calibration exercises.

During 1970 a thorough re-evaluation of the solvent extraction
of zinc with dithizone was carried out. At first, more exact procedures
using internal standards were developed for the determination of ionic
and organically bound zinc, and these procedures were applied to various
conditions cited in the literature in order to evaluate specific limit-
ations of various conditions. Prom these studies it appears clear that
the organic complexes which can be measured through the dithizone
ipethod represent rather independent fractions from the ionic forms, and
conclusions on the basis of the equilibrium concept between ionic
and organic fractions should be drawn only with considerable reservation.

Various procedures for atomic absorption spectrometry are now
being evaluated.



1.5» Reference methods for the determination of radionuclide
aorption "by marine sediments
In preparation for the future intercomparison programme "between

national laboratories, several methods for the determination of the
sorption capacity of marine sediments for radionuclides have been tested.
These were carried out using a selection of 20 characteristic marine
sediments and the radionuclides Sr, ^Cs, Ru, ̂  Fe, Co, "*Zn,
%n, Pm, Zr/Nb and . Ce. The results given by different methods
differ for one sediment and one radionuolide more than for another due
to the different types of reaction mechanisms of sorption (being ion
exchange reactions) precipitation reactions, and a mixture of both.

Another factor that might radically alter the results is the
amount of sediment in relation to seawater where at low concentrations
of sediment sorption is relatively higher. In Figure 0. this effect is
shown for the method where sediment is kept in suspension at different
concentrations for the radionuclides Cs, ¿3n, Co and Bu.

These results have been obtained in collaboration with the
Department of Oceanography of the University of Liverpool and will serve
as a basis for the intercomparison programme.

1.6. Preparation of reference samples for radioactivity measurements
in sediments
As decided at the first coordination meeting on Marine Radio-

activity Studies, mentioned above, the Bhabha Atomic Research Centre
in Bombay supplied a near-shore freeze-dried sample containing radio-
nuclides from the nuclear centre wastes. This sample is at present being
investigated as a possible reference sample for radioactivity measure-
ments in sediments.

A major difficulty is encountered in trying to obtain homogeneous
samples and subsamples. Natural wet or dried marine sediments fractionize
easily in particle size during treatment.



'Zn

SCOIMENT CONCENTRATION mj/m|

Fig. C Sorption distribution coefficients of ' Cs, Zn, Co
and Ru for four marine sediments. The dotted
lines give the distribution coefficients as determined
for the total particular matter (sediment attached •»-
particulate radionuclide)j the solid lines represent
the distribution coefficients for the sediment only.
(Pistr. Coeff. = amount raSion. per ml. dry sediment/
amount radion. per ml. solution).



Mediterranean sediment •was used successfully to prepare radio-
nuolide-spiked reference samples; 40 grams of sediment was stirred •with
a specific radionuclide in 2 liters of sea water until complete sorption
equilibrium was obtained. After decanting, the remaining thick sus-
pension was sub-sampled into counting tubes. The tubes, containing
equal weights of sediment, were sent to a limited number of laboratories
for intercalibration. The radionuclides used were Cs, Co, Hu
and a mixture of these at concentration levels of about 3nCi per sub-
sample*

2. TECOTICAL STUDIES CONNECTED WITH THE RELEASE OF RADIO-
ACTIVE WASTES INTO THE SEA______________________

2*1. Panel on Procedures for Establishing Limits for Radignuolides
in the Sea
A panel on Procedures for Establishing Limits for Radionuclides

in the Sea was convened together with the Division of Health, Safety
and Waste Management to discuss the scientific and technical aspects
of the disposal of radioactive waste into the sea. Fifteen papers were
presented at the meeting together with statements by representatives
of PAO and WHO. After extensive discussion of the papers, an outline
of a tentative report from the panel was agreed upon and the following
recommendations were adopted:

1) The Panel recommends that its report should be published by
the Agency as an issue of the Safety Series under the title
"Principles for Limiting the Introduction of Radioactive Waste
into the Sea"; *J

2) The panel recommends that the Agency set up an international
register of releases of radioactive waste into the sea. It
further concludes that there is, at this time, no need to set
up an international monitoring programme;

How under preparation

10



3) The Panel recommends that the Agency continue its support for
the'activities of the Monaco Laboratory, especially as regards
the intercalibration exercise concerning samples of monitoring
interest;

4) The Panel confirms the validity of the approach to sea disposal
presented in "Radioactive Waste Disposal into the Sea", Safety
Series No. 5, and recommends the preparation of a Technical
Series Report which will provide a manual of procedures for
applying the principles set forth in the report of this Panel;
and

5} The Panel recommends that the Agency organize a working meeting
to clarify the situation with respect to our present knowledge
of the effects of ionising radiation on aquatic organisms and
ecosystems*

2.2. Preparation of reviews on subjects related to marine radio-
activity
The preparation of a review on radioactivity in the marine

environment is underway upon invitation from the editor of "Oceanography
and Marine Biology, Annual Reviews".

Por the preparation of a review on the Mogeocycle of Zn and
65its radioecological significance, the collection of data on Zn in the

marine environment is in its final stage.
On the request and with the financial help of the Pood and

Agricultural Organization of the United Nations (PAO) a review on "Mercury
as Hydrospheric Pollutant" was prepared for the PAO Technical Conference
on Marine Pollution and its Effects on Living Resources and Pishing, in
collaboration with Professor J.K. Miettinen of the University of Helsinki.

2.3» Studies on non-radioactive pollutants by methods used in marine
radio-activity studies
As an additional scientific and practical problem in collabor-

ation with Professor Miettinen, the accumulation and loss of mercury
compounds was also recently investigated, although mercury itself is
not a foreseeable component of radioactive wastes.

11



203It was found that mercury as Hg C12 was rapidly accumulated
by Tapes deoussatus from seawater and within one day the animals
contained 10 times more mercury per unit weight than their environment.
During longer exposure the accumulation of mercury was considerably slowed
down. The visceral organs contained more than half of the mercury
accumulated during 14 days.

The loss rate of the accumulated mercury was strongly dependent
on its way of entry. Retention of the accumulated mercury was highest
after introduction into Tapes by injection into the foot muscle, while
the retention of mercury accumulated from sea water or through the food
chain (Phaeodaotylum) was not too strong. (Fig. D).

Analysis of the excretion rates of methyl mercury introduced by
different ways into four marine organisms (Serranus scriba« Carcinus maenas»
Tapes deoussatus and Mytilus galloprovincialis) showed that a large
fraction of the administered compound had a slow loss rate with a bio-
logical half-time from 267 (Serranus) to more than 1000days (Mytilua),
indicating that among the heayy metal compounds methyl mercury is at present
one of the greatest hazards for marine organisms.

In connection with these studies the behaviour of mercury in
sediments was investigated. In sealed pyrex tubes the equilibrium

203distribution of Hg in ionic and methylated form was determined for
five aquatic sediments. The results showed that all the investigated
lake sediments (A,B), brackish water sediments (C,D) and marine sediments
(Medeterranean) did sorb from water of related salinity (0, 6 and 37»8°/oo,
resp.) both Eg*"1" and Hg (CH,)+-f. The concentration factors were as
follows:
(a) in H2S systems of Sed. A 400-15.000 for Hg** and about 800

for Hg(CH3)++.
Cone. fact. = (Hg/gram sed.): (ïïg/ml water).

(b) in aerobic systems: the brackish cone. fact, were higher
than for lake sediments and marine sediments:

Salinity
Cone. f. Hg
Cone. f. Hg(CH,)~

B
: 0 °/oo
; 1370
: 413

c
6 /oo
9036

16928

D
¿ • O f6 /oo
1413
901

Medit.
37.8 %o
70
67

12
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(c) in "blank samples without sediment it could be seen that Hg"*"1"
at the concentration of 17 ug/40 ml freshwater (experiment A)
did not precipitate with ELS at about 50 mg HgS/l "but did at
larger HpS concentrations. Hg(CH,)+* did not precipitate at
all, even at 3 g îî̂ S/l.
This fact is surprising for Kg because the solubility product
is so low. The sediment is also not binding the Hg++ more than
under aerobic conditions.
A conclusion *hat might be drawn is that in anoxic sediments
Hg(CH..)"H" is free to move except for the partial binding to

4-fsediment but Hg is solidly bound in very anoxic sediments.
Marine sediments bind both mercury forms insignificantly.

2.4» Studies on the horizontal diffusion of pollutants on the sea
surface
The investigations started in 1966 in collaboration with the

German Hydrographie Institute in Hamburg on the horizontal diffusion
of radioactive material and other pollutants on the sea surface have
been continued during this year. *

The research vessel "METEOR" of the Federal Republic of Germany
undertook investigations in the western Mediterranean, about 80 - 90
sea miles south of Monaco from 1-23 October 1970. About 300 kg of the
test material Rhodamine B were released as a point source and its dis-
persion was followed for one week. At the beginning, under the influence
of strong winds, the patch took a long stretched shape and similar to
the experiment in 1966 later bent into a semi-circle, which had after
one week a diameter of about 65 km and a length of axis of nearly 100 km.

On the -way Gibralter - Monaco, water samples of 50 - 400 1 were
taken from the surface, at 50, 100, 250, 500, 750, 1000, 1500 and 2000

90m depth and close to the bottom for the determination of the Sr and
1Y7Cs content. The first examination of the surface waters made on

137board ship showed an order of magnitude of the Cs activity which
corresponded to only one-third of the one measured in the TTorth Sea.

* IAEA Laboratory Activities, Fourth Report, Technical Reports
Series No. 77 (1967) and Fifth Report, Technical Reports Series
Wo. 90 (1968), IAEA, Vienna

14



2.5 • ' The possible role of euphausiids in the "biological transport
of radionuolides
While the horizontal diffusion in the oceans is mainljr deter-

mined by physical processes, the vertical diffusion, smaller by several
orders of magnitude, has also to take the vertical transport through
biota, especially organisms that dielly migrate, into account.

The diel vertical migration of certain planktonic and nectonic
organisms,- probably due to phototaxis, is responsible for worldwide
rhythmical translocation of considerable biomass in seas and oceans.
To assess the possible role of vertically migrating organisms in dis-
persing radionuclides, the.' accumulation a.nd loss of selected radio-
nuclides was further investigated in the euphausiid Meganyctiphanes,
which is one of the most abundant of the organisms associated with deep
scattering layer.

59In separate laboratory experiments the accumulation of Fe,
Zn* Ru and Ce directly from seawater was followed over 1? hours.

Similar experiments using a multi-labelled medium of l\Sn, Co, Fe
and Zn were carried out for 5 days. Por all radionuclides an initial
rapicl uptake rate was observed which gradually decreased but an equili-
brium of the exchange was not reached by the end of the experiments.
In the short term experiment's Zn and Ce were accumulated more
rapidly than ^ Fe and Ru. (Fig. E). The latter was used in two diff-
erent forros, as nitrosyl-nitrato complex and as chloride complex. The
accumulation of the two forms of Ru was not the same; the chloride
form was accumulated to a level ten times higher than the nitrosyl-
nitrato form.

The loss rate of the accumulated radionuclides was determined
in animals which--we3*o- e-xpo-sed to radioactive medium for a total of 12

\
and 132 hours. The loss rate cannot be described by a single exchange
reaction. For all investigated radionuclides the loss was fairly regular
except for both forms of Ru, probably due to its accumulation mostly
in the form of "hot" aggregates. The length, of exposure to radioactive
medium did not seem to influence the loss rate considerably.

15
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The molting and fecal pellet deposition of the animals had a
strong effect on the accumulation and loss of the investigated radio-

2 «6. Development of a computer programme for the analysis of gamma-
ray spectra

>': I1 ———— ————

,. , The reproducibiliiy and comparability of biological laboratory
experiments depends largely on the reproducibility of the experimental
cojidiitions. This is especially true for marine animals, most of which
are very sensitive to the quality of the surrounding seawater. To create
identical conditions for experiments where the accumulation, distribution
and lose of- several radionu elides has to be compared, an ideal solution
is the simultaneous application of radionuclides. However, this apparently
favourable solution involves technical and procedural difficulties, such
as the need for relatively expensive instrumentation and adequate mathe-
matical processing of the raw data obtained. - ••-

For biological experiments in the laboratory the .simultaneous
equations method is used as a routine technique for tracer experiments
with four radionuclides: Co, ^ Un, Zn, and _ Fe. , The resolution of
the system is based on matrix calculation. The calculation and the
programme are written in FORTRAN IV for the IBM, 1130 Computer. The
inherent error of the method, compared with the expected biological
variability between the specimens, does not seem to justify the appli-
cation of more sophisticated methods.

3» COLLABORATION WITH RATIONAL LABORATORIES
3«1. Coordinated Research Programme, on Marine Radioactivity

Studies
The general line of the coordinated programme, which basically

consisted of exchange of information among the participants on current
developments in their research, was reorientated in 1970 along the new
line of activities of the Monaco Laboratory. The decisions taken by the

17



Board of Governors of the IAEA in March of 1968 placed more emphasis on
the task of the Monaco Laboratory of ensuring the comparability of various
analytical methods used by different laboratories. In order to accomplish
this task the major guide-lines for intercalibration exercises of
analytical methods were recommended by the panel on "Reference Methods for
Marine Radioactivity Studies" in November 1968, and the coordinated re-
search programme is expected to become a core group for these inter-
calibration operations. This is why the first coordination meeting
devoted a considerable part of the discussion to the detailed planning
of intercalibration exercises in respect of analytical methods used for
marine environmental samples. Studies related to the intercalibration
of analytical methods now represent one of the central activities of
the coordinated research programme.

The first coordination meeting on Marine Eadioactivity Studies
was held in Monaco from 1? - 19 June 1970. The main subjects of the
meeting were as follows:
(a) exchange of information on current activities of the

participants;
(b) discussions on the procedure and technical details for

the execution of intercalibration exercises;
(c) future programme for intercalibration operations;
(d) future programme for the coordination of research activities

in general.
The detailed report of this meeting was issued as Information Sheet Ko. 3»

In 1970 the participation in the coordinated programme increased
to 19 institutes from 17 countries, who are holders of 12 research agree-
ments, 5 research contracts and 2 technical contracts. There are still
several requests from different institutes to join the programme.
3*2. Bilateral collaboration

As in the past co-operation with the Centre Scientifique de
Monaco and the Institut Océanographique de Monaco has been both smooth
and effective, as it has been with the Laboratory of the Commissariat à
l'Energie Atomique at Villefranche, Prance.

18



The collaboration with the Center for Marine Research in Rovinj
and Zagreb, Yugoslavia and with the CREN-EURATOM Laboratory in Fiascherino,
Italy on the biological availability of different physico-chemical forms
of radionuclides was continued.

Joint experiments with the Department of Radiochemistry, Univer-
sity of Helsinki, Finland, on the bioaccumulation of \'arious compounds

203containing Eg, as well as on the binding' ability of sediments for
these substances, were extended.

In June 1970, Professor L.W. Small of Oregon State University,
Corvallis, U.S.A., joined the Laboratory under a Special Service Agree-
ment in order to participate in the Laboratory's eaphausiid programme.

Correspondence on the mathematical modelling of diffusion
processes in the sea with the Fleet "Numerical Weather Center, Monterey,
California, U.S.A., was also continued.

The first Newsletter of the Cooperative Investigations in the
Mediterranean has been edited by the Director of the Laboratory in his
function as International Coordinator and was published in 1970.

19



III. THE LABORATORY STAFF

1. PROFESSIONAL STAFF OF THE LABORATORY

DUURSMAj Egbert Klaas (The Netherlands)
Born 1929) Free University, Amsterdam (Chemistry, psychology)
Ph.D. (Oceanography).
1956-1965 chemical oceanographer, Netherlands Institute for
Sea Research, Den Helder.
Marine radiochemist conducting research of fundamental nature
on the chemical and physico-chemical uptake and accumulation
of radioisotopes in marine sediments.

FOWLER, Scott Wellington (USA)
Born 1941? University of California; BA (zoology).
Oregon State University, M.Sc. and Ph.D. (biological oceanography).
1967 Staff Scientist I, Battelle Memorial Pacific Northwest
Laboratories, Richland, Washington, USA.
1969-1970 Fuilbright Fellow, Monterray Institute Technology,
Escuela de Ciencias Marítimas, Guaymas, Mexico.
Joined the IAEA in February 1970.

FUKAI) Rinnosuke (Japan)
Born 1925} University of Tokyo, Ph.D. (Chemistry).
Former Section Chief of Chemical Oceanography and former Chief
of the Radioisotope Laboratory, National Fisheries Laboratory,
Ministry of Agriculture and Forestry, Japan.
Marine radiochemist, responsible for the radiochemical aspects
of the problems of the Laboratory, including chemical analysis
of sea water and of marine organisms.

JOSEPH, Joachim (Federal Republic of Germany)
Born 1910; University of Leipzig; M.So. (Mathematics, physics,
geophysics), Dr. rer. nat. (Oceanography).
Regierungsdirektor and former Head of the Océanographie Depart-
ment of the German Hydrographie Institute, Hamburg.
Director, responsible for the scientific programme, the admin-
istration, and external relations with governmental and scientific
agencies in matters related to the fields of activity of the
Laboratory.
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KECKES, Stjepan (Yugoslavia)
Born 1932, University of Zagreb; Ph.D. (Biology)
Former Head of the Laboratory of Marine Rauioecology
Rudjer Boskcviô Institute, Kovinj, Yugoslavia.
Marine radiobiologist, conducting research on general
problems of biological trs-nsport of radionuclides.
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