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I. INTRODUCTION

The International Laboratory of Marine Radioactivity is now ten years

old. It was founded in 1961 as a cooperative project between the International

Atomic Energy Agency, the Monegasque Government and the Oceanographic Institute

at Monaco. Its work began in 1962 with scientific research on physical,

chemical and biological problems of marine radioactivity. Up to 1972

12 scientists from 10different countries have joined the staff of the

Laboratory (III., 2.). During this time the programme has been changed

gradually following the recommendations of consultants' panels and of the

secretariat. Its principal objectives are now the following:

1. To promote intercomparison, calibration and standardization

of the widely differing methods and techniques being used in

national laboratories and institutes for marine radioactivity

studies and monitoring programmes with the aim of achieving

comparability of results.

2. To obtain scientific information needed to evaluate the fate

and effects of radioactivity in the sea, and to prepare and

disseminate critical reviews.

A close collaboration with Specialized Agencies, concerned with marine

pollution has been developed not only in the frame of the ACC-Subcommittee

on Marine Science and its Applications and of the Group of Experts on

Scientific Aspects of Marine Pollution (GESAMP), but also by bilateral

contracts to study special pollution problems.

Tf institutional arrangements in a world-wide frame to combat

marine pollution are to be considered, the ten years experience of the

Monaco Laboratory in work of research co-ordination, and of inter-

calibration and establishment of reference methods for pollution studies

may be helpful and should be taken into account.
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II. ACTIVITIES OF THE LABORATORY

1. PANELS AND MEETINGS

1.1. Panel on the Effects of Ionizing Radiation on Aquatic Organisms

and Ecosystems

This panel, convened in November 1971 in Vienna together with the

Division of Nuclear Safety and Environmental Protection, aimed to clarify

the situation with respect to the present knowledge of this topic and to receive

some guidelines relating to the establishment of an international registry of

radioactive waste disposal in the sea. Nine working papers were discussed by

seven experts and ten observers, including representatives from ENEA, EURATOM

and WHO. During the drafting of a preliminary report several points were

emphasized and certain recommendations were made:

a. The relative influence of radiation and certain environmental para-

meters in causing biological effects is difficult to assess. In

most cases, however, radiation will play a negligible role compared

to the other factors, particularly in view of the present limitation

of discharges imposed by health considerations.

b. It was stressed that detectable ecosystem effects have not yet been

recorded in places where local artificial contamination resulted in

doses higher than those usually associated with natural radioactivity

and world-wide fallout.

c. It was pointed out that for several problems related to the study of

genetic damage and population dynamics in ecosystems the available

technology and perhaps the methodological approaches are not yet

adequate, or have not been fully exploited, to give relative answers.

d. It was recommended that a special working group consisting of

geneticists, evolutionists, specialists in population dynamics,

and experts in systems analysis, be convened with the aim of

discussing the consequences deriving from the introduction of

stresses into ecosystems, in particular those concerned with the

presence of irradiated organisms and genomes.

e. The panel recommended that research on radiation effects in aquatic
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biota and particularly ecosystems should be continued both at

the national and international level. The fate of radionuclides

in aquatic environments and radiation dose assessments to the

living organisms should at the same time deserve continuing

attention as basic information for any conclusions to be drawn

about the impact of radioactive contamination of the aquatic

environment.

f. It was recommended that when the results become available from

forthcoming conferences and the special working group, a new panel

be called with the aim of discussing and drafting a final Panel

Report on the Effects of Ionizing Radiation on Aquatic Organisms

and Ecosystems.

1.2. Coordination Meeting on Biological Methods in Marine Radioecological

Studies

Scientists from laboratories engaged in the Research Coordinated

Agreement Programme and from other national laboratories met in Monaco

during 29 - 31 May 1972. Twelve participants from ten countries plus

personnel from the Monaco laboratory discussed ways to design experiments

to enhance the comparability of laboratory and field studies. The main

topics of the meeting were the comparability of experimental methods for

measuring the fluxes of radionuclides through marine organisms and ecosystems

and the problems of extrapolating laboratory results to predict the fates of

radionuclides in the natural environment. The following seven general

recommendations emerged from the discussions:

a. Depending upon the purpose of the experiment, it is necessary to

know (and describe) the physico-chemical form of the radioactive

tracer, the carrier solution, and any contaminant present.

b. Models of laboratory or field systems should conform to the conditions

of the system, hence, it is necessary to know the number of compart-

ments in the system and whether the system is "open" or "closed"

with respect to the elements considered.

c. For convenience and avoidance of confusion, notations and symbols

such as used in the report to the International Commission on

Radiation Units by Brownell, G.L., Berman, M. & Robertson, J.S.

(1968) Nomenclature for tracer kinetics. International Journal

of Applied Radiation and Isotopes, 19, 249, should be considered

for use as standard terms for turnover models.
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d. In general, when using a radioisotope as a tracer, laboratory

experiments should commence only after insuring that isotopic

equilibrium exists. If isotopic equilibrium cannot be attained

(in all the existing physico-chemical forms of the element), the

disequilibria must be described. In addition, the experimental

conditions should be closely monitored. For these reasons, con-

sideration should be given to designing carefully controlled

experiments of long duration.

e. Physiological parameters which could influence radiotracer experi-

ments should be controlled or measured (to be taken into account

in analysis of the results). Included among these factors are:

- behaviour of the organisms under laboratory conditions

- size and age

- growth

- feeding rate

- reproductive status

- osmoregulatory and ion regulatory ability of organisms.

- changing elemental composition

- moulting patterns, etc.

f. Physical or chemical conditions which could influence radiotracer

experiments should be controlled or measured (to be taken into account

in analysis of the results). Included among these factors are:

- temperature

- light

- salinity

- radiotracer specific activity

- sorption of radiotracer or stable elements to container walls

- radioactive or stable elements contaminating the system, etc.

g. Consideration should be given to the organization of an IAEA panel

to write a technical report entitled "Reference Methods for Marine

Radiobiological Studies" similar to IAEA Technical Report 118. To

develop working papers and to nominate participants for this panel,

a working group should be formed within the Research Coordinated

Agreement Programme.
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1.3. Symposium on the Interaction of Radioactive Contaminants with

Constituents of the Marine Environment

This meeting, which was organised jointly with the Division of

Nuclear Safety and Environmental Protection, was held from 10-14 July 1972

at Seattle, Washington, USA. Its purpose was to elucidate the influence

of radioactivity on the marine ecosystem, and to provide some background

material for estimation of the capacity of the sea to receive radioactive

wastes without harmful effects on man and the ecosystem. The topics that

were discussed dealt with:

a. Physico-chemical forms of radionuclides and their stable isotopes

in seawater, particulate matter and sediments.

b. Radionuclide interaction with, and their effects on,marine biota.

c. The effects of radionuclides in seawater, sediments, and organisms

with respect to the evaluation of the hazards to man.

d. The application of radiologically labelled environments to the

development of waste management criteria as well as the study

of biogeochemical processes and those of non-radioactive pollution.

Fifteen countries have submitted reports on these topics, from which 50 papers

have been chosen to be presented at the symposium.

1.4. Second Panel on Reference Methods for Marine Radioactivity Studies -

Determination of Transuranic Elements, Radioruthenium and Some Other

Radionuclides in Marine Environmental Samples

Based on the recommendations of the first panel on "Reference methods

for marine radioactivity studies" held in November 1968 in Vienna, and of

the evaluation panel on the programme of the Monaco Laboratory held in

October 1971 in Monaco, as well as of the consultants' meeting on the inter-

calibration operations in November 1971 in Monaco, the second panel, organized

jointly by the Chemistry Section of the Division of Research and Laboratories

at IAEA Headquarters and the Monaco Laboratory, will be held in October 1972

in Vienna. Among other pertinent topics in connection with the intercalibration

operations, the main topics to be discussed will be the determinations of

transuranic elements and radioruthenium.
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2. INTERCALIBRATION STUDIES

2.1. Intercalibration of methods for fission product measurements on

seawater samples

Details of the preparation and the dispatch of the seawater samples,

SW-I-1 and SW-I-2, contaminated with various fission products at monitoring

*)levels were given in the previous report 

The homogeneity of these samples, tested mainly by radiochemical analyses

of strontium-90 and gamma speotrometry of cesium-134, -137 on several batches

of the samples was proved to be better than ± 3 % standard deviation which is

inherent in most of the methods used for the activity levels of these samples.

The stability of the radionuclides in solution, contained in these water

samples, was found to be good, except for cerium-144, over 200 days of the

storage. In the case of cerium-144 a considerable fraction was attached to

the wall of the polyethylene containers, even when the pH-value of the water

samples was kept around 1.5 during storage.

Finally, two kinds of seawater, SW-I-1 and SW-I-2, were dispatched to

51 institutes from 27 countries. In the course of spring-summer 1971, 44

institutes reported their results of analyses. Besides the results of these

institutes those from the Seibersdorf and Monaco laboratories of the IAEA

were made available. On the basis of the results received, a preliminary

survey on these results was carried out by the Monaco Laboratory.

In Table 1.the overall average values and ranges for each radionuclide

of the reported values are given. In this table all available values were

used for computing arithmetic averages, irrespective of their wide variations.

Accordingly, the averages given in Table 1. have little statistical significance

due to the wide ranges of variation. This is clearly demonstrated by relatively

large values of the standard deviations.

The total number of reported results is not sufficiently large to allow

significant statistical deductions on the distribution of the obtained values

over certain ranges. Nevertheless, in Figs. 1 and 2, the frequency histogrammes

of the appearance of the values against concentration ranges are given for

Recent Activities of the International Laboratory of Marine Radioactivity,

IAEA-136, Vienna, March 1971.
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Table 1. Overall average values and ranges of the reported results

SW - I - 1 SW - I - 2

. - l- ---- -.-. i - -.- .1
9°Sr P95Zr-Nb 106R 134Cs 137 CB 14Ce 119°Sr 95Sr-Nb b 106Ri 1 134C,1 137C, 1 144Ce

No. of
reported 33 16 21 26 39 18 31 20 24 26 40 20
results

No. of
values 33 8 16 15 29 8 31 12 22 23 32 12
considered

Maximum

value 16.2 84 57 8 62 2.67 76.6 86 77 60 278.5 46.5
(pci/kg)

Minimum
value 1.18 0.14 0.50 1.14 2.89 0.14 21.7 0.15 0.3 18.6 1.0 0.97
(pCi/kg)

(pCi/k) 5-7 18 6.4 2.6 16 1.0 52 16 37 30 194 8.4

(pCi/kg ±0.5 ±10 ±3.4 ±0.5 ±2 ±0.4 ±2 ±7 ±4 ±2 ±8 ±3.9

(%) ±9 ±56 ±53 ±20 ±13 ±40 ±4 ±44 ±11 ±6 ±4 ±46
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strontium-90, ruthenium-106, cesium-134 and cesium-137. The concentration

ranges were chosen so as to represent 20 % and 10 % of the most frequent

values for SW-I-1 and SW-I-2, respectively. These figures give a general

idea on the scatter of the results with respect to the different levels of

radioactivity and different radionuclides. General brief observations made

on the results reported for each radionuclide are given below.

Strontium-90: Thirty-three and 31 results were received for SW-I-1 and SW-I-2,

respectively. For SW-I-1 the major part of the results lay in the range of

1 - 8 pCi/kg, with the overall average value of 5.7 ± 0.5 pCi/kg. The major

part of the results for SW-I-2 lay between 40 and 70 pCi/kg and all results

lay between 20 and 80 pCi/kg. The average value obtained was 52 ± 2 pCi/kg.

The analytical procedures used for strontium-90 can be categorized into 13

different methods. Most of the methods were based on the separation of

strontium from calcium by treatment with fuming nitric acid, followed by the

final milking of yttrium-90. Direct separation of yttrium-90 from the water

samples with various procedures was also successfully used by several institutes.

Comparisons of one procedure with another as to their suitability for these

samples were hard to make since often only one institute employed a specific

procedure.

Zirconium-niobium-95: Due to the relatively short half-lives of these radio-

nuclides, the quantities contained in the samples were not sufficiently high

to allow accurate determination at the time when most analyses were made. Ten

different analytical methods were used by various institutes. Among 20

institutes which reported the results, 10 institutes determined these radio-

nuclides by gamma-spectrometry with or without chemical procedures, the

remaining institutes used radiochemical separation and beta counting. Of

the results obtained the scatter was so large that it was difficult to obtain

reasonable average values for these radionuclides.

Ruthenium-106: Twenty-four institutes reported the results on ruthenium-106.

Except for one value, the reported values for SW-I-1 were in the range of

0 - 10 pCi/kg, with the overall average value of 6.4 ± 3.4 pCi/kg. The

values reported for SW-I-2 showed wide scatter. The results were spread

over a range of 0 - 80 pCi/kg, with the majority, about 60 %, being found

between 24 and 48 pCi/kg.

The analytical methods used are classified into 12 different procedures.
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Only 6 institutes out of 24 used beta counting after radiochemical separation

of ruthenium.

Cesium-134: While the majority of the participating institutes, 40 out of 46,

reported on cesium-137, only 26 institutes reported on cesium-134. The

institutes which used beta counting only could apparently not differentiate

cesium-134 from cesium-137, and were obliged to report the sum of these

radionuclides in terms of cesium-137 activity. For SW-I-1 the majority of the

results lay in the range of 1 - 3 pCi/kg with the overall average of 2.6 ± 0.5

pCi/kg. The range for the majority of the results was 20 - 30 pCi/kg for

SW-I-2; the overall average was 30 ± 2 pCi/kg.

Cesium-137: In both, SW-I-1 and SW-I-2 samples, more results, 39 and 40

respectively, were received for this radionuclide than for any other isotope,

although, as mentioned above, some results included cesium-134 as cesium-137,

due to the incapability of the employed counting assemblies to differentiate

these two radionuclides. The major part of the reported results for SW-I-1

fell into the range of 12 - 21 pCi/kg with the overall average value of

16 ± 2 pCi/kg. For the higher level sample, SW-I-2, the results show less

scattering, except for one value which was far too low. The overall range,

except for this low value, covered 120 - 280 pCi/kg with the average value

of 194 ± 8 pCi/kg. The standard deviation of the average value represents

4 % of the mean.

Various procedures were used for the determinations of cesium-134 and

cesium-137. These procedures can be categorized into 18 different methods.

In order to collect cesium radionuclides, various kinds of inorganic ion-ex-

changers, such as KFC, NaFC, NiFC, CoFC, CuFC, NH4-CoFC etc., were widely

used. The majority of institutes applied gamma-spectrometry for differentiation

of cesium-134 from cesium-137, while 6 institutes used beta counting.

Cerium-144: Although 20 institutes reported on the cerium-144 content of

the samples, both average values given for SW-I-1 and SW-I-2 in Table 1.

have more than 40 % of standard deviation of the mean, due to the wide scatter

of the results obtained. One of the reasons of this scatter can be attributed

to the instability of cerium-144 in solution; this proved to be poor even

in acidified conditions. Among 9 different procedures, 2 procedures used by

7 institutes employed beta-counting after idiochemical separations. Due to

the low energy of gamma-emission of cerium-144, the determination by
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beta-counting seemed to be more successful for cerium-144 than for other

gamma-emitters.

In Table 2, the probable values computed on the basis of the reported

results were given for strontium-90, ruthenium-106, cesium-134 and -137.

The probable values were not given for zirconium-niobium-95 and cerium-144,

since the scatter of the results was too wide to estimate probable values.

In order to compute the probable values certain ranges for each radionuclide

were chosen on the basis of Figs. 1 and 2 and the average values in these

ranges were computed. Although these probable values were not based on

rigorous statistical treatment, the average values presented in Table 2.

are expected to be not far from the most probable values obtainable.

2.2. Collection and preparation of the samples for further intercalibration

exercises

During December 1971, the seaweed sample containing mainly fission

product radionuclides at monitoring levels was dispatched to the participating

institutes in the second intercalibration exercise. This sample was collected,

dried and roughly ground by the British Fisheries Radiobiological Laboratory.

The operation of the collection and pre-treatment was executed on the basis of

a "technical contract". Final preparation of the seaweed sample and the

homogeneity tests were carried out at the Monaco Laboratory. The results

of the homogeneity tests by gamma-spectrometry showed that bottle-to-bottle

variations were smaller than 1 % standard deviation at 5 g (dry) sample size.

The results for this sample are expected to be reported by the summer 1972.

The collection of a sea-water sample for the intercalibration of

analytical methods for radionuclides and possibly trace elements, at low

levels was completed by the Woods Hole Oceanographic Institution from the

surface waters of the Atlantic Ocean, during December 1971. The sea-water

was divided into 300 drums of 60 litre capacity and 200 drums were dispatched

to the Monaco Laboratory. The operation was made according to a technical

contract. The intercalibration exercise on this sample will be executed in

the course of 1972.

2.3. Homogeneity tests on sediment reference samples

For future intercalibration programmes on methods of analysis of radio-

nuclides in marine sediments, investigations have been made on the preparation

of homogeneous reference sediment samples containing radionuclides in

concentrations similar to those found in sediments in waste disposal areas.
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Table 2. Probable values computed on the basis of the results

in limited ranges

SW - I - 1 SW - I - 2

106Ru 134Cs 137cs 90Sr 106Ru
I 134Cs 137Cs

No. of valuesNo. of values 33 16 15 29 31 22 23 32
in whole range

Range of 2.0-3.0 1.0-1.5 36-40

highest frequency 5.0-6.0 12-15 55-60 27-30 180-200

(pCi/kg) 3.0-4.0 1.5-2.0 40-44

Range

considered 4.0-7.0 1.0-4.0 1.0-2.5 9-18 50-65 32-48 21-30 160-220

(pCi/kg)

No. of values

in the range 22 11 12 22 17 12 17 23

considered

Average 5.2 2.6 1.8 14.2 58.1 39.9 26.4 197
(pci/kg)

(pCi/kg) ± 0.1 ±0.3 ±0.1 ±0.3 ±1.0 ± 1.3 ± 0.7 ± 3

(%) ± 2.1 ±12 ± 5.6 ±2.1 ±1.7 ± 3.3 ± 2.7 ± 1.5
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The following difficulties were encountered in the preparation of homogeneous

samples:

a. In an area of waste disposal the radionuclides are mainly concentrated

in the top few centimetres of the seabed. Therefore sampling with

grabs or trawls, which take a thick layer, will supply an inhomo-

geneous sample, which is not suitable as a reference sample without

thorough mixing procedures.

b. Seabed sediments are frequently composed of sedimentary particles

of different grainsize and different composition. In general, the

variety of grain sizes is greater for sediments with larger median

grain sizes (D50), except for beach sands (Fig. 3). The difficulty

in the preparation of a homogeneous sample lies in the fact that

during mixing procedures large heavy grains will separate from the

lighter finer grains. In such a case homogeneity of the sample is

difficult to obtain, because the amount of radionuclide per volume

or weight of each grainsize fraction is generally variable.

Fig. 3. Relationship between the statistical variation (sigma) of sorting

and the median grain size (D50), as estimated for various marine

sediments.
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The difficulties mentioned under a. and b. limit the choice of the sediment

suitable for a reference sample to mainly sediments composed of fine-grained

material from which, if necessary, the coarse grains have been removed by

sieving. Based on these findings two kinds of fine-grained reference samples

have been prepared, a) a naturally contaminated sample, and b) a spiked

sample. The natural sample has been collected and prepared by the Bhabha

Atomic Research Centre, Bombay. A sample was taken from the fine-grained

sediments in the disposal area. Freeze-drying ensured that the structure

of the sediment sample had not changed, so that grinding was unnecessary.

(Grinding is necessary after drying at 40°C or at higher temperatures because

of caking and changes in grainsize). This sediment was sent to Monaco and

continuous mixing was necessary for about one week, to arrive at a homogeneous

sample. The sample contained 137Cs and 144Ce. The results of the measurements

are given in Table 3.

Spiked sediment samples were prepared in Monaco with Mediterranean

sediment. This sediment is a fine-grained sediment with little sorting from

the median grainsize. Four batches of spiked sediment were prepared separately

with 137Cs, 60Co, 106Ru and one sample with the three radionuclides together.

The preparation of the samples was carried out by mixing the wet sediment

with seawater, spiked with the radionuclide(s), followed by stirring for

about one month. The sediment was allowed to settle for one day and the

supernatant seawater syphoned off. The remaining suspension was kept well

mixed and equal aliquots were placed in small tubes. The radioactivity

measurements on these subsamples are also given in Table 3.

A naturally contaminated sediment sample has an advantage over a spiked

sediment for reference purposes because the binding of the radionuclides to the

sediments is similar to that of the samples that have to be investigated for

monitoring purposes. This is especially true in cases where chemical pre-

treatment procedures are necessary (for example leaching and concentration)

previous to radioactivity measurements. Por this reason it was recommended

by the Consultants' Meeting on the Evaluation and Promotion of the Inter-

calibration of Radiochemical Methods of Analysis on Marine Environmental Samples,

held in October 1971 at Monaco, that a larger batch of Bombay Harbour sediment

should be prepared for distribution as a reference sample.
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Table 3. Homogeneity tests on marine sediment reference samples

containing radionuclides

Sample Radionuclides Activities Statistical variation

Freeze-dried 137Cs 116.1 pCi/g ± 2.4 pCi/g (3 subsamples)

Bombay Harbour 144Ce 85.7 pCi/g ± 4.7 pCi/g (3 subsamples)sediment; homogenized.
Total gamma

count:

137Cs & 144Ce 486 cpm/5 g ± 2.9 % (69 subsamples)

(countervariation at that
level: ± 2.7 %)

~137 ~ dry
Spiked Mediterranean 37Cs 473 cm/g ± 5 % (21 subsamples)
sediment; wet. 60se ; w. 60Co 525 cpm/g ± 4 % (20 subsamples)

106R 1123 cpm/g ± 4 % (20 subsamples)
137Cs & 60
& 106Ru 1703 cpm/g ± 4 % (19 subsamples)

(countervariation at that
level: ± 2.5 %)
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2.4. Consultants' Meeting on the Evaluation and Promotion of the Inter-

calibration of Radiochemical Methods of Analysis on Marine Environ-

mental Samples

In order to review and discuss the results of the first intercalibration

exercise which was completed in the course of 1971 and to obtain outside

opinions about the further promotion of the present intercalibration programme,

a consultants' meeting was held from 27 to 29 October 1971 at the Monaco

Laboratory. Dr. V.T. Bowen (Woods Hole Oceanographic Institution, USA),

Mr. J.W.R. Dutton (Fisheries Radiobiological Laboratory, UK) and Dr. B. Patel

(Bhabha Atomic Research Centre, India) attended the meeting as experts.

Dr. A.R. Palmer from the Division of Research and Laboratories of the IAEA

also attended the meeting.

The consultants observed that the results of the present intercalibration

exercise could be considered as highly successful as they clearly demonstrate

the need for such an exercise and the continuation of the programme. They

also felt that an improvement of the comparability of the results obtained

through such intercalibration exercises is essential, if a meaningful register

of releases of radioactivity is to be established by the IAEA.

Guidelines for further evaluation of the intercalibration data were given

by the consultants and a detailed future programme of the intercalibration

operations was established.

3. TECHNICAL STUDIES

3.1. Trace metal interaction in marine environment

A research project was initiated in collaboration with the University

of Michigan with assistance from the Environmental Protection Agency (USA) *)

for the study of physico-chemical transformations and distribution dynamics

of the heavy metals copper, cadmium, lead and zinc. This study is based on

the assumption that the physico-chemical characteristics of trace metals in

the marine environment are influenced by the presence of organic ligands of

pollutional origin. It is also postulated that as a result of organic metal

interactions the transport dynamics of trace metals with sediments and

aquatic biota are significantly altered.

K.H. Mancy, visiting scientist on sabbatical leave in the Laboratory.
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a. Trace metal characterization

Anodic Stripping Voltammetry:

Thin layer anodic stripping voltammetry was used for trace metal

characterization since it seems to be the only available technique which

affords extreme sensitivity and the ability to determine metal speciation.

The system is composed of four electrolysis cells which can be used simulta-

neously during the plating step and consecutively during the stripping step.

The working electrodes are made of thin mercury films supported on wax

impregnated graphite rods. Detailed description of the analytical technique

can be found elsewhere . Current-potential measurements during the stripping

step give characteristic voltammograms which define the type and quantity

of each metal in term of peak potentials "Ep" and peak currents "ip",

respectively.

A typical ASV voltammogram obtained with a Mediterranean seawater

sample is shown in Fig. 4.

SEA WATER,pH 8.2

160- 5 MINUTES PLATING AT- 1.3 Vvs S.C.E
SCAN RATE 20mV/sec

THIN FILM MERCURY -GRAPHITE ELECTRODE
14.0 C< 4-

0
- ~ ~ Cu

.x Zn (0.79g/1)

120-- 120- (I.I/g/l) 1

Pb
(0 6.g/l)

1 00 I

0z / ICd 

" BO-i 1(0.4,/1)

6.0

40

00

100 05 00

POTENTIAL, V vs. S.C.E

Fig. 4 Typical ASV voltammogram.

[1] Mancy, K.H. "Instrumental Analysis for Water Pollution Control", p. 244,
Ann Arbor Publisher Inc., Ann Arbor, Michigan 48104 (1971).

[2] Roe, D.K. and J.E. Toni, Anal. Chem., n3, 1503 (1965).
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Species Characterization:

Characterization of metallic species was done in terms of free metal ions

(Me), labile metal complexes (Me LL), and nonlabile metal complexes (Me NL).

This classification can be simply explained in terms of the following cathodic

reactions during the plating step,

K
Me -- c - Me-Hg (1)

KDLL K
MeLL LL + Me - > Me-Hg (2)

KFLL

Me NL NL + Me - Me-Hg (3)

In equation 1 the free metal is reduced directly to metal amalgam, Me-Hg, and

the reaction rate constant is K c . This involves diffusion in a finite boundary

layer followed by electron transfer at the electrode surface. In the case of

metal complexes, the complex must undergo dissociation into free metal and the

respective ligand prior to the reduction of the free metal at the electrode

surface. The reaction rate constant for the dissociation of the labile metal

complex is KDLL, as shown in equation 2. On this basis, a labile metal complex

(Me LL) is defined as a metal complex with dissociates at a faster rate than

the metal plating step, i.e. KDLL > Kc . Accordingly the rates of plating of

both free metallic and labile complex species are equal and anodic stripping

current measurement cannot differentiate between the two forms. Nonlabile

complexes, on the other hand, are defined as metal complexes which dissociate

at a slower rate than the plating step, i.e. KDNL ( K , where KDNL is nonlabile

complex dissociation rate constant given in equation 3. Since in this case the

rate of metal complex dissociation is the rate limiting step, a reduction in

the anodic stripping current is observed. On this basis it is possible to

differentiate between free metal and labile metal complexes on the one hand

and nonlabile metal complexes on the other hand.

The differentiation between free metals and labile metal complexes is

afforded from a number of diagnostic criteria in the anodic stripping

voltammogram, e.g. shift in the peak potential E and the variation in E
P P

with increasing voltage sweep rates.
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The anodic reaction during a linear potential sweep may be exemplified

as follows,

K
Me-Hg a- Me (4)

K a L'L
Me-Hg -- Me + LL Me LL (5)

where K is the anodic reaction rate constant. Thus if KFLL is large, a

cathodic shift in E will occur and if KFLL is small, E will be the same
P p

as in the case of stripping of metals with no ligands, as in equation 4. The

variations of i , E and the width of the current peaks with increasing rates

of voltage sweep are used to give further information on the concentration,

distribution and formation of ligands in the test solution.

The rates and equilibria of metal-ligand interactions in the test solution

can be estimated by ASV titration procedures. These involve the addition to

the test solution of spikes of acid, electroactive metals (detectable by ASV)

and non-electroactive metals (e.g. Ca & Mg). When a spike of a metal is added

to the test solution it may displace other metals from their complexes, be

taken up by a nonlabile complex, or simply increase the concentration of free

metal ions in solution. Sequential measurement after the addition of the first

spike will indicate the rate of attainment of equilibrium. Typical titration

curves are obtained by consecutive addition of spikes of the metal of interest.

An analytical scheme for the characterization of trace metals distribution

in aquatic systems is shown in Table 4.

Analysis of seawater:

In an attempt to demonstrate the analytical feasibility of this technique

a series of runs were made in different ionic media. These included runs in

nitrate media where the metals are assumed to exist in the free ionic form.

Samples of seawater collected offshore from the Monaco coast were also

analyzed for Cu, Cd, Pb and Zn. Table 5. shows the results of a typical

run on seawater.

The analysis for zinc has been particularly difficult. This was attributed

to slight changes in the pH of the test solution during the electrolysis step.

This effect seems not to influence the other metals of interest, i.e. Cu, Cd,

and Pb. It is believed that a rigorous control of pH during the electrolysis

step is essential in the case of Zn determinations.
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Table 4. ASV Analytical Scheme

Sample

Total Particulate Total Dissolved Metal Speciation
Metals Metals

Filtration Filtration 1) Variation of ASV parameters

Digestion (UV & H202) Acidification or

Digestion (H202 & U)

- Plating potential
- Plating time
- Voltage sweep rate
- Stripping Medium

2) Titration Techniques

- Spikes of Acid
- Spikes of Metals that can

be detected by ASV
- Spikes of Metals that

cannot be detected by ASV

Table 5. Analysis of Trace Metals in Seawater by ASV

Cu

Cd

Pb

Free & Labile Complexes

0.75 Lg/l

0.40 pg/l

3.1 pg/l

Total

1.6 pg/l

0.8 lg/1

6.3 ig/l

Zn 1.0 gLg/l 3.5 1g/l



- 22 -

Filtration Experiments:

A series of experiments have been initiated to determine the effect of

sewage organics on the accumulation and release of heavy metals (Cu, Pb &Cd)

by marine sediments. The main objective for these experiments was to determine

the overall effect of sewage organics on metal-sediment interactions, without

knowing the nature of these organics or their interaction mechanisms.

The experimental procedure consisted of adding metals to a suspension of

sediment in seawater and following changes in metal concentration in the

aqueous phase as a function of time. Analysis for metals was done by ASV,

at predetermined time intervals. Local Mediterranean sediment, collected

offshore from the Monaco coast, was used in a concentration of 1.25 mg/ml.

The initial metal concentration was 5 x 10-7M in each of Cd, Pb and Cu.

Samples and blanks were filtered through 0.45 p membrane filter before

analysis. The experiments were carried out in 500 ml erlenmeyer flasks with

glass stoppers, using a sediment suspension volume of 100 ml. The flasks

were kept at 4°C in darkness except during sampling, and were shaken before

collecting each sample.

The experiment was repeated twice and the results were similar. Results

are shown in Pig. 5 which shows the change of metal concentration in the test

solution as a function of time. These results indicate no significant uptake

of Cd by sediments. In the case of both Cu and Pb, sediment uptake was very

high with most of the metal disappearing from the aqueous phase within

30 minutes after the addition of the sediments.

Distribution coefficients were calculated using the following relation-

ship,

cone. of metal in dry sediment (pg/ml)
K =

cone. of metal in seawater filtrate (Pg/ml)

For Pb and Cu, the calculated K values were 8 x 103 and 7 x 103 , respectively.
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Fig. 5. A. Metal uptake by Mediterranean sediment.

B. Effect of sewage organics on metal uptake by Mediterranean

sediment.

b. Effect of sewage organics on metal uptake by sediments

The same experiments were repeated except that 5 % by volume of domestic

sewage from Monaco-Ville was added to the test solution. Blank runs, i.e.

without sewage, were performed simultaneously. Results of these experiments

are shown in Fig. 5. In the case of Cd, no significant metal uptake by

sediments occurred in either the absence or presence of sewage. Similarly,

sediment uptake of Pb was not altered by the presence of sewage. However,

in the case of Cu, sewage organics exerted a strong effect on sediment uptake

of Cu. Actually, the presence of sewage in the test solution virtually blocked

the uptake of Cu by the sediment completely.

Under the above experimental conditions, and based on preliminary results

obtained so far, a number of interpretations may be put forward.

1) In the absence of sewage organics, sediment uptake of Cu and Pb, but

not Cd, may be explained in terms of differences in metal species, i.e. Cu

and Pb are expected to occur in seawater as carbonate complexes, while Cd

occurs primarily as chloride complexes. If these metalic species did

actually exist in the test solution, then our findings would indicate that

Cd was present as a nonlabile halide complex as opposed to Cu and Pb which

were present as labile carbonate complexes.
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2) The addition of sewage organics to the test solution resulted in the

formation of nonlabile organic Cu complexes preventing Cu uptake by sediments.

This was not the case with either Cd and Pb. The interactions between sewage

organics and Cd were not strong enough to influence Cd uptake by the sediments,

and in the case of Pb this effect was very small.

3) Perhaps the above experimental observations could be better explained

in view of recent findings on the competitive interactions of Cu, Cd and Pb

with Ca for humic acid in natural waters. These studies showed that Cu

competes favourably with Ca for humic acid. On the other hand, in the case

of Cd, and to a lesser extent Pb, the competitive interactions for humic acid

ligands favoured Ca. These findings could offer an explanation for the different

behaviour of Cu and Cd in sediment experiments based on the competitive inter-

actions between heavy metals and alkaline earth metals (in solution or in

sediment) with sewage organics. More work is needed, however, before any

further conclusions can be drawn.

Experimental modifications:

It seems that the best experimental approach involves in situ measurements

of metals in solution by ASV. This is essentially a modified ASV titration

technique capable of estimating sediment binding capacity for metals in the

presence and absence of organic matter (sewage). This technique is based on

the repetitive addition of spikes of metals to a sediment suspension followed

by in situ ASV measurement of the metals in solution. The rate of uptake of

metals by sediments can be also determined by sequential ASV measurements

(at 15 minutes intervals). After the capacity of the sediment has been reached,

further additions of metals will result in a linear increase in ip, i.e. metal

additions stay in the aqueous phase. A characteristic break in the titration

curve is indicative of the sediment binding capacity for the metals under

investigation.

3.2. Reference methods for the determination of radionuclide behaviour in

water/sediment systems in marine or estuarine environment.

The influences of bacterial activity, pH, and the presence of phytoplankton

cells on the sorption of radionuclides by marine and river sediments have been

investigated. Bacterial activity cannot be completely avoided during sediment

sorption measurements, unless the sediment is sterilized with gamma or

ultra-violet irradiation. Bacteria , other than those originally present
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in the sediment, are normally not present when all glassware is sterilized

and the water is filtered through 0.22 p membrane filters. In order to

determine the effect of bacteria already present in sediments, the sorption

of 37Cs and 65Zn in sterile and nonsterile suspensions was investigated.

As was already shown in the previous Annual Report ', sorption of these two

radionuclides increases at very low suspension concentrations of the sediments,

with the result that the sorption distribution coefficients are anomalously

high. Under sterile conditions the picture was different (Fig. 6). The

distribution coefficients decreased to zero at very low concentrations. The

attempts to maintain sterile conditions were not completely successful in

spite of the fact that all operations were carefully carried out in a

glove-box with strong U.V. irradiation. Some bacteria were found at the

end of the experiments in subsamples cultured in Zobell medium.

The influence of pH on the sorption characteristics of a river sediment

have been studied for a number of elements: Ag, Co, Zn and Cr, both for ad-

sorption in freshwater and desorption in seawater. A study of the precipi-

tation of trace amounts of these elements, without sediment interaction, has

been continued, special attention being paid to the pH range 7.5 - 9.0.

It has been found that changes in pH have a large effect on the sorption

characteristics with a river sediment for all the elements studied, although

its effect is different for each element (see Fig. 7). Further work is being

carried out to try and determine some of the mechanisms of sorption by sediments.

Elucidation of the effect of the speciation of an element (including inorganic

and organic complexes)on sorption processes is hoped to lead to a better

understanding of trace element distribution in an estuarine environment.

The radionuclide sorption processes by sediments in competition with

the uptake by living phytoplankton cells is a phenomenon frequently present

in coastal areas where sediments are regularly brought into suspension by

tidal currents and/or wave action. A method to dtermine these competing

uptake processes is under investigation with a view to its future application

to waste disposal studies. The principle of the method is to have three

*) Recent Activities of the International Laboratory of Marine Radioactivity,

IAEA-136, Vienna, March 1971.
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compartments of seawater, suspension of sediment and plankton culture,

separated by dialysis membranes. Although not yet completely worked out,

the method gives information on the physical-chemical form of the radio-

nuclide in seawater; different isotopes have specific rates of passing

through the membrane (Fig. 8 a). The competition between uptake and

loss by plankton and sediment in suspension can be distinguished (Fig. 8 B).

(A)
Iml

(B)
iml

dialysis soc

oo av = flask
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Fig. 8. A. Radioactivity measurement results from a dialysis experiment

with 37Cs, 65Zn, 106Ru and 147Pm. The radionuclide was added

to the flasks and regularly sampled from the flasks and the

dialysis sacs.

B. Sorption-experiment with Zn and Mediterranean sediment,

followed by a competition experiment by introducing a plankton

culture (Dunaliella) into the dialysis sac. The sediment and

plankton was filtered before counting. The filtrates represent

the seawater activities.
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3.3. The behaviour of radionuclides in an estuarine environment

The introduction of radionuclides into specific areas, such as coastal

regions, is becoming an increasingly important potential source of pollution

in connection with the further development of nuclear industry. As many of

the nuclear power stations have been and are going to be sited at the coast

or in the vicinity of the sea, a knowledge of the behaviour of radionuclides

in estuarine environments is increasingly required in order to prevent any

hazardous radioactive contamination.

The previous works by various investigators have demonstrated that the

interaction between freshwater sediments and seawater may play an important

regulating role in the cycle of radionuclides in the estuarine environment.

Based on data obtained for some trace element variations in seawater around

Monaco, laboratory studies on the adsorption-desorption equilibria of radio-

nuclides in a freshwater sediment/seawater system as well as field studies

in the Var estuary were conducted in order to understand the mechanisms

regulating the concentration of trace elements in a specific estuarine

condition.

The Var River estuary and its vicinity are considered to exhibit

characteristic features that are much simpler than those usually associated

with estuarine-coastal conditions; the area shows negligible industrial

pollution, low productivity, small tidal effects and no other major freshwater

input. Thus, the regulating processes due to sediment-seawater interaction

are expected to be observable in this specific area.

Experiments were carried out to investigate the uptake of certain radio-

nuclides on freshwater sediments in river water, and their subsequent release

in the marine environment. The variation of adsorption was followed for different

pH values and sediment loads, as well as for differences in desorption on

subsequent mixing with saline water. It was found that for the radionuclides

studied, chromium-51, cobalt-60, zinc-65, silver-llOm, their behaviour was

very individual, especially in relation to rates of adsorption and desorption.

The uptake and release of silver took place very rapidly whereas zinc was

relatively slow, the other radionuclides lying between those two extremes.

From results so far obtained in the laboratory, certain factors have

shown themselves to strongly effect the adsorption-desorption ability of a

sediment. The parameters that appear to play a prominent role in these
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processes are pH, sediment load, tracer concentration and speciation. It is

hoped in the near future to study the role of other factors such as organic

complexing material on uptake and release, as well as sediment composition

and fractionation.

From a knowledge of the above factors, it is possible to predict for a

given sediment, as a first approximation, the amount of tracer that will be

taken up by a given weight of freshwater sediment in a very simple river

system, under equilibrium conditions. When this sediment reaches the marine

environment, the weight of desorbed trace element can be calculated.

In a field study carried out in the coastal region around Monaco, the

Bay of Nice and the Var river, it has been shown that equilibrium conditions

do occur between the Var river sediments and trace elements in the river water.

Using the results obtained from our laboratory experiments and the present field

data, a possible regulating mechanism is being formulated to account for

observed variations in silver and zinc concentrations in the local coastal

area.

Based on various theoretical assumptions, the agreement between actual

and predicted values for seasonal concentrations variations of these elements

in the studied region is quite reasonable.

3.4. Vertical transport of radionuclides by marine biota

While horizontal diffusion in the sea is mainly governed by physical

processes, vertical diffusion through boundary layers must consider in addition

the vertical transport of material by marine biota which migrate across these

layers. Especially the diel vertical migration of various plankton and nekton

gives rise to a daily translocation of considerable biomass which has the

capability of altering the concentration of micro-constituents of the

surrounding water mass. Vertically migrating euphausiids or "krill", by

virtue of their large numbers throughout the world ocean, are of major

importance in the economy of the sea. To assess the possible role of these

zooplankton in dispersing radionuclides and their stable elements, studies

were undertaken on the flux of selected radionuclides in the euphausiid

Meganyctiphanes norvegica, an important member of this group.

Flux of different forms of 106Ru

Long-term experiments dealing with the dynamics of accumulation and loss

of different physico-chemical forms of Ru in Meganyctiphanes were initiated.

The radioactive solutions were prepared by adding either carrier-free 106Ru
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chloride in HC1 (referred to as Ru/C1) or carrier-free 106Ru nitrosyl-nitrato

complexes in HNO3 (referred to as Ru/N) to cotton-filtered seawater collected

a few kilometers off the Monaco coast. The radioactive solution was then

aerated for 24 h before the start of the experiment in order to avoid excessive

changes in the physioo-chemical forms of the isotopes which are known to occur.

The Ru/Cl accumulation and loss experiments were begun with 60 similar-sized

euphausiids (average dry weight 22.6 mg), each in its own glass container.

Approximately 500 ml of "low activity" radioruthenium solution (9.7 pCi/l)

were placed in each of 30 containers and 500 ml of "high activity" solution

(46.9 uCi/l) were placed in each of the remaining 30 containers. In both the

"low activity" group and the "high activity" group 10 animals were allowed to

accumulate 1Ru for 12 h, 10 for 48 h, and 10 for 120 h before beginning the

loss phase. During the accumulation phase animals were periodically removed from

radioactive solution and rinsed in seawater, and their radioactivity content was

determined by whole body counting. After counting, the animals were returned

to the solution for further isotope accumulation. To avoid internal contami-

nation the animals were not fed during the accumulation phase. Results of

accumulation experiments were expressed in concentration factors which are

defined as nCi/g wet weight of euphausiid divided by nCi/ml solution.

At the end of the allotted accumulation period, the animals were rinsed,

counted, and placed in 1 liter of non-radioactive seawater for monitoring the

rate of isotope loss from the animal. To assure good health during this phase

of the experiment the euphausiids were fed Artemia, which had in turn, been

reared on phytoplankton. The water was changed twice daily to avoid reconcen-

tration by the animals of Ru/C1 lost to the water. Fecal pellets and molts

were monitored to assess these routes as a means for isotope loss.

Additional experiments were designed to follow the loss of 106Ru after

ingestion of labelled food. Euphausiids were fed Artemia that had been placed

in a medium containing phytoplankton and Ru/Cl for 4 days. Animals in three

groups were given a ration of 10 labelled Artemia on the following schedules:

group I, one ration during a 4 h period; group II, 4 rations during 48 h;

and group III, 10 rations during 120 h. Loss measurements were begun 12 h

after the final radioactive feeding and animals were fed ad libitum during

the loss phase. Fecal pellets and molts were collected and monitored as

before.
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Experiments with Ru/N were performed like those of Ru/C1 except that

during the accumulation experiments only one level of activity was used

(62.0 uCi/l). Therefore, only 30 similar-sized euphausiids were needed:

10 for 12 h uptake, 10 for 48 h uptake, and 10 for 120 h uptake.

Results showed that the accumulation of 1Ru was directly related to

the concentration of the radioisotope in solution as evidenced by similar

concentration factors for euphausiids in the "low" and "high" activity
1 0 6Ru chloride solutions. The chemical form of the radioisotope in solution

had a pronounced effect on the uptake with 1Ru chloride fractions being accu-

mulated at a faster rate than 1Ru nitrosyl-nitrato complexes (Fig. 9).

Fig. 10 shows that euphausiids lost 1Ru, previously accumulated from the

Ru chloride spiked seawater at a faster rate than 1Ru which had been

accumulated from Ru nitrosyl-nitrato forms. Also, in the case of previous

uptake from the 106Ru chloride solution, the loss rate was inversely proportional

to the time allowed for isotope accumulation. The process of molting greatly

accelerated the loss of Ru from euphausiids with first molts hed during

the loss phase accounting for 70 to 80 % of the total 1Ru body burden.

Loss due to fecal pellet deposition by these animals was relatively small.

When euphausiids accumulated 1Ru from the food chain, the initial loss

rate was rapid due to large amounts of the radioisotope associated with fecal

pellets; however, no relationship was found between loss rate and the number

of food rations received (Fig. 11). Molts from these animals did not contain

6Ru, thus, loss from euphausiids obtaining this radioisotope through the food

chain appears to be mainly due to fecal pellet deposition and other excretion

or exchange processes.

Flux of 141Ce

Experiments were designed to discern any differences in rates and routes
141

of loss of Ce after the euphausiids had accumulated the isotope either

directly from seawater or through the food chain.

One group of 10 similar-sized euphausiids was allowed to accumulate 141Ce

(radiocerium added to filtered seawater in the form of 141Ce chloride) for a

period of 12 hours. Another group, utilizing the same 14Ce concentrations,

was allowed to accumulate the isotope for 5 days. The individuals were rinsed,

radioanalyzed, and placed into non-radioactive seawater to begin the loss phase.
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in seawater and monitored to assess the capability of these materials to

retain radionuclides.

euphausiids rate of ntae in andividuals depewas fed one ratime the organisms10 Ce-

labelled brine shrimp within a 4 hour period. When the animals had consumed

all the brin the radioactive "counted" and Nevertheless, in fed adl libitu non-

these condioactive Artemiared to assure good health during the loss phase. 12)A forth

groupther of 5 euphausiidsms fed one radioaction of raioactive brine shrimp dailyof the

over a five day period before beginning the loss phase. In all groups molts

and fecal pellets were collected and monitored as possible routes of transport

of the isotope. In some cases these two forms of particulate matter were kept

in seated radioisotope in 5 or asses6 hours withe capabilitually no activity remainingls to

after one day. Euphauiids ingesting radionlidesactive prey during a 5 day period

The loss rate of Ce in animals depended on the time the organisms

spent in the radioactive solution. Nevertheless, in general, loss under

these conditions appeared to be a relatively slow process (Fig. 12). On the

other hand, organisms fed one radioactive ration lost almost all of the

ingested radioisotope in 5 or 6 hours with virtually no activity remaining

after one day. Euphausiids ingesting radioactive prey during a 5 day period
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also lost the bulk of the ingested radioactivity rapidly; however,there

appeared to be a residual amount of 3 to 5 % which was lost at a relatively

slow rate, i.e. similar to the rates of those euphausiids which had been

contaminated directly from the medium (Fig. 12). This residual 14Ce might

be accounted for by some absorption across the gut wall and into tissue;

however, absorption is thought to play a minimal role since at ecdysis molts

contained 50 - 70 % of the residual Ce indicating possible recycling of

the isotope between the labelled Artemia and euphausiid exoskeleton.

100 -.. .. .

50 -:

eo

i

5 50 5 

z25 50 75 100 /5

rime I hours.

Fig. 12. Mean percentage of 1Ce body burdens retained after 12 h uptake

from seawater (o), 120 h uptake from seawater (.), 1 radioactive

ration during 4 h (A), and 5 radioactive food rations during 120 h (A).

Each point represents the mean of 5 animals.

Although animals obtaining 141Ce from solution lose the isotope relatively

slowly when compared to those ingesting the isotope, radiocerium would not remain

associated with the organism since it was found that an average of 95 % of the

remaining body burden was lost with the first molt after the euphausiid was

removed from the radioactive seawater. Second molts held as much as 40 % of

the remaining body burden. These cast molts when left in seawater lost only

about 15 % of their activity in 48 hours, thus, they might act as a good "vehicle"
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for transporting e141 downward, at least to a depth to which the molt sinks

before disintegrating.

Fecal pellets from the radioactive euphausiids lost only 20 % of their
14 1Ce content after 4 days. These pellets do. not rapidly disintegrate and

sink at a rate of about 500 m/day; they thus afford a mechanism for transporting

141Ce, as well as other isotopes and metals, to depth.

Model. for transport of radionuclides by euphausiids

Additional effort has been devoted to establishing a model for biological

transport of radionuclides and their stable isotopes which will aid in

predicting- the fate of these isotopes in the sea. A. simple, linear model

has been employed for an examination of the flux of selected radionuclides

through the euphausiid Meganyctiphanes norvegica in the Mediterranean Sea.

The model is generated from the basic equation Ke = pe +i e' where K is the

rate of ingestion of the element in particulate form by the euphausiid, Me is

the rate of increase of the element in body tissue, and e is the rate of

elimination of the element. For a first approximation, the K term is assumed
e

to apply only to ingestion of the isotope in a particulate form, though the

model can be made to incorporate the uptake of the desired element from

solution. The K term breaks down into K = (Qi i ), where Qi = elemental

concentration in ingested food and C i = ingestion rate. The pe term is

equivalent to Q e , where Q = elemental concentration in tissue, and g =

growth rate. The e term which regulates the flux of the element through

the euphausiid, can be fractionated as a e = (Qf ef) + (Q m ) + (Qc c) +

(Qx x) + ee' where Qf, Qm' Qc' and Qx are isotope concentrations in feces,

molts, dead carcasses, and non-viable eggs, respectively, and e f, e ' ec, and

x are the respective rates of production. The term e accounts for exchange

and excretion of the element as dissolved metabolic products. Over the lifespan

of M. norvegica some of the terms are discontinuous ( C , for example), and

all are non-linear. Therefore, as a first approximation only the "ecologically

significant" segments of the life span (i.e. those which may have most of the

impact on isotope flux, from biomass estimates) have been selected. The linear

approximations of these selected segments were then summed to test the model.

The model is designed to be utilized for any element or radionuclide

providing the proper values are determined; however, it was decided to use

zinc as a first test since more information is available on this element

in euphausiids.
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A large number of M. norvegica were collected live and brought immediately

to the laboratory. Certain specimens were rinsed in distilled water, dried, and

prepared for elemental analysis. "Natural" fecal pellets were obtained by

allowing the euphausiids to defecate into filtered seawater during the 24 hour

period immediately following collection. Rates of production of fecal matter

were determined by feeding the euphausiids juvenile Artemia and quantitatively

measuring the amount of fecal pellets produced during a specific time. Molting

rates were determined in the laboratory by observing euphausiids at temperatures

approximating those of the natural environment. All molts were collected and

prepared for elemental analysis like the other materials. All samples were

analyzed by neutron activation for zinc as well as several other selected trace

elements.

Excretion rates were obtained by maintaining individuals in seawater

containing 5Zn and feeding them 5Zn-labelled juvenile Artemia until a "quasi-

equilibrium" was reached between 5Zn content in euphausiids and that of the

external environment. The use of radioactive medium and food together hopefully

ensured uniform labelling and more rapid equilibrium than would have been

possible by using only one of the routes. The labelling procedure lasted

about 20 days, then the euphausiids were transferred into clean seawater and

their activity monitored for the next several weeks. The water was changed

twice daily to reduce the possibility of any recycling of 65Zn and the animals

were continually fed Artemia. The non-linear 65Zn loss curves were resolved

into essentially linear components and the individual rates were summed to

arrive at total excretion of 65Zn, hence zinc.

Using slow-growing adult animals in order to ignore the growth term (Ge)

for a first test, the total rate of eleminiantion,4 , was calculated to be

124 pg Zn lost/gram dry weight/day. Most of the loss (90 %) was associated

with the fecal pellets in these actively feeding animals. Total loss thus

amounted to 1.7 times the total body zinc each day.

Work is presently underway to obtain more data on other segments of the

life cycle in order to refine and expand the model. When completed the model

should have application for non-radioactive as well as radioactive contaminants.

Specific activity approach as a test for indicator organisms

When trying to assess the biological fate of radionuclides in the sea, it

is important to know if the organism in question can regulate its absorption
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of the radionuclides from seawater or whether, in fact, the bioaccumulation

is directly related to changes in the concentration of the isotopes in seawater.

Marine organisms, capable of regulating their body content of certain trace

metals, would not be good "indicator organisms" for detecting increases of

radioisotopes of these metals in the seawater. On the other hand, non-regulating

organisms might attain a radionuclide tissue concentration that is closely

related to the isotope concentration in the water, thus acting as an indicator

for small changes in the medium which might be difficult to detect analytically.

The capability of regulating the absorption of 65Zn under various concen-

trations of the stable isotope was examined in the euphausiid Meganyctiphanes

norvegica and Tapes decussatus, representatives of two common phyla.

The animals were divided into groups of six animals with each individual

being placed in 500 ml of solution of the following 65Zn specific activities:

2 pCi 6 5Zn 3.5 C i 6 5 Zn 7.0 pCi65Zn 2 gCi 6 5 Zn 2 pCi65Zn 3.5 pCi 6 5 Zn
2 ig Zn ' 2 pg Zn ' 2 gZn ' 20 pg Zn ' 70 pg Zn ' 35 g Zn '

7.0 PCi 6 5Zn
70 pgiZ . The accumulation period lasted for 5 days after which time uptake

of 65Zn was plotted against specific activity and certain relationships were noted.

When total zinc concentration in the seawater was held constant, the organisms

accumulated 65Zn in proportion to the 5Zn concentration in seawater. Using

solutions of different specific activity in which there were differing total

zinc concentrations, accumulation of 5Zn decreased with decreasing specific

activity indicating the possibility of regulation of metal absorption. Animals

held in solutions of similar specific activity which contained different total

zinc concentrations,showed an increased tissue 65Zn concentration with

increasing zinc in solution, This would not be the case if the animals were

strictly regulating the absorption of zinc. When the accumulation of the total

isotope was plotted against concentration of zinc in solution , the relation-

ship in Fig. 13 was found. Tissue absorption of zinc appeared strongly

dependent upon the concentration in the isotope in the medium; thus, these

organisms might be relatively good "indicators" of changes in the zinc or

65Zn concentration in the surrounding medium.
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3.5. Sediment-biota interactions

Many radioactive and stable metals exhibit strong affinities for suspended

particulate matter in the ocean and for marine sediments. Typical of these

metals is zinc, which is highly insoluble as the sulfide. When zinc which is

associated with particulate matter settles to the bottom, it may be incorporated

into sulfide-rich sediments to be largely removed from further cycling in the

oceans. This process accounts for the high concentrations of zinc in sedimentary

rocks. Such loss of metals to sediments may be advantageous under many circum-

stances; however, it is important to learn whether the sediments as a "sink"

may not later become a "source" of contaminants.

Several preliminary laboratory experiments relating to this problem have

been initiated. The main question is: "are radioactive metals in marine

sediments available in significant amounts to benthic organisms?" Subsididary

questions are: l) How does the physico-chemical form of the metal affect

biological availability? 2) How do environmental changes in the sediments

and overlying waters influence biological availability? 3) How much of the

radioactivity which may be taken up by a benthic organism is transferable to

higher trophic level animals?
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An experimental flowing seawater

periodic measurement of radioactivity

system was designed which permits

in all components of the system (Fig. 14).

Fig. 14. Flowing seawater system for the study of the exchange of radio-

nuclides between sediments and benthic animals.

The system uses cylindrical plastic counting tubes (7.0 cm high x 3.3 cm

diamter) which fit into NaI (T1) well crystals for gamma ray analysis. Fine-

textured sediments taken offshore from Monaco are uniformly labelled with

6 5Zn (in the form of 65Zn Cl2 for the first experiments) and added to a

depth of 2.0 cm in the plastic tubes. Filtered seawater from the Musee

Oceanographique circulating system 1) flows into a plastic tube, 2) overflows

through a paper filter, and 3) passes through a cation exchange resin or,

4) is collected in a large carboy for subsequent scavenging by ferric hydroxide

coprecipitation. Into each tube a single polychaete worm, Nereis diversicolor,

is placed on the radioactive mud and a regulated flow of fresh seawater is then

circulated through the system. Total 5Zn activity in the sediment is measured

at the outset of the experiment and at intervals the 65Zn in the worm, sediment,



- 40 -

filter, and resin is determined. In this way, a running inventory of the

radioactivity is computed. It should be emphasized that the activity levels of

the spiked sediments are made quite high (up to Ool pCi per gram wet mud) in

order that the count rates in the experimental animals provide reliable

counting statistics.

From several initial experiments the following observations have been

made:

a. The worm, Nereis, can be easily washed free of mud adhering to its

external surfaces. Thus, external contamination with radioactive

sediment is not a problem.

b. Worms do not take up measurable amounts of radioactivity in one hour.

c.. Worms take up measurable amounts of 6 5Zn during 24 hour exposure

to radioactive sediments and retain up to 30 % after 10 days in

fresh mud and seawater (Fig. 15).

d. After 96 hours contact with 65Zn-spiked mud, worms had higher

activity levels than after 24 hours exposure. In addition, worms

exposed for longer uptake periods appeared to lose radioactivity at

slower rates (Fig. 15., compare percentages of Group B and C at

Day 10).

e. At least some of the 65Zn taken up by the worms was in a form which

could pass through dialysis membranes. Worms sealed in dialysis

bags immersed in 65Zn-spiked sediments took up roughly one-third as

much 5Zn as did comparable worms in direct contact with radioactive

sediments.

f. As shown in Table 6., there appears to be a 14 - 20 % loss of 65Zn

from each system during four day uptake experiments.
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ZINC FROM NEREIS FOLLOWINGUPTAKE FROM RADIOACTIVE SEDIENTS

GROUP B ofter 24hours uploke

WORM 1- 
WORM 2 -
WORM3 -.

U-0

1,Q:
L.
k

DAYS AFTER TRANSFER TO NON-RADIOACTIVE SEDIMENT

Fig. 15. Loss of 65Zn from Nereis following uptake from radioactive

sediments.

Subsequent experiments suggested that radioactive mud-flowing seawater

systems with worms lost more 65Zn than those without worms. The causes of

radioactivity loss from the experimental systems are under investigation.

To summarize, it appears that 5Zn associated with marine sediments is

available to benthic organisms. Although the amount of radioactivity taken

up by marine worms is small when compared to sediment activity, a significant

fraction of the radioactivity taken up is retained in the animals for

long periods.
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Table 6. Inventories of 5Zn in components of the experimental systems:

A. After 96 hours exposure of worms to radioactive mud,

B. After 24 hours rinsing of radioactive worms in non-radioactive

mud and seawater,

C. After an additional 92 hours rinsing of worms in non-radioactive

mud and seawater.

% of initial 65Zn in mud

A. 
System 1 System 2 System 3

Worm after 96 hours uptake & rinse 1.13 0.09 0.12

Radioactive mud 78.17 77.91 81.10

Filter paper 0.18 0.47 0.28

Resin 2.07 2.88 4.36

Totals 80.56 % 81.21 % 85.85 %

Loss from system 19.44 % 18.79 % 14.15 %

% of 65Zn in worm after first rinse

B.
System 1 System 2 System 3

Worm after 24 hours in fresh mud 77.13 85.11 91.14

Fresh mud 14.07 15.34 9.26

Filter paper - - 0.99

Resin 2.95 3.26 5.79

Totals 94.15 % 103.71 % 107.18 %

Loss (or gain) from system 5.85 % (3.71 %) (7.18 %)

% of 65Zn in worm after 24 hours
in fresh mud

C.
System 1 System 2 System 3

Worm after 72 hours in fresh mud 96.57 70.24 88.79

Fresh mud 8.57 8.45 4.21

Filter paper - 5.20 _

Resin 7.08 20.51 6.80

Totals 112.24 % 104.40 % 99.80 %
.. , , ,,

Loss (or gain) from system (12.24 %) (4.40 %) 0.20 %
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3.6. Reviews

A review entitled "Geochemical aspects and applications of radionuclides

in the sea" has been prepared for publication in Oceanographic Marine Biological

Annual Reviews. The review updates a previous paper by Mauchline and

Templeton in the same journal, and covers the literature from 1963 onwards.

The topics are 1) artificial radionuclides in the marine environment,

2) naturally occurring radionuclides, and 3) use of radionuclides as markers

for water and sediment transport. The artificial radionuclides in the marine

environment have been classified according to the periodic system of elements.

Special attention was given to all radionuclides that are known to have

sufficiently long half-life to be actually or potentially present in the

marine environment.

4. INTERNATIONAL COLLABORATION

4.1. The Coordinated Research Programme on Marine Radioactivity Studies

As pointed out in the previous Annual Report the group of participants

of this coordinated research programme continued to serve as a core group for

the execution and promotion of the intercalibration exercise of the methods

of analysis of radionuclides in marine environmental samples. The consultants'

meeting, reported under the heading Intercalibration Studies (2.4.), was held

in the framework of this programme. Studies on the feasibility of using

certain samples for the intercalibration, the preparation, stability and

homogeneity of the samples were partly carried out under the present programme.

Another subject of the coordinated research programme is the study of the

behaviour of radionuclides in marine biota in connection with their environment.

It has become increasingly important in the field of marine radioecology to

obtain information whether the many different biological methods used in

laboratories and the field on studies of radionuclide dynamics in marine

biota, can produce comparable results. The preparation of the coordination

meeting on this specific subject was made in the framework of the coordinated

research programme.

Recent Activities of the International Laboratory of Marine Radioactivity,

IAEA-136, Vienna, March 1971.
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A collaborative research programme with the Instituto Espanol de

Oceanografia, San Pedro del Pinatar, Spain, is also being developed on

the basis of the coordinated programme. Utilizing the Spanish laboratory's

unique location and capabilities, biological experiments are being planned

that will allow one to test in the field several laboratory-derived radio-

ecological concepts. In addition,the high concentrations of trace metals

found in the lagoon will allow the testing and integration of chemical models

presently being formulated in our laboratory.

In 1971 this coordinated research programme consisted of 14 research

agreements, 4 research contracts and 2 technical contracts from 18 countries.

4.2. Collaboration with national laboratories

As in the past collaboration with the Centre Scientifique de Monaco,

the Center for Marine Research, Institute Rudjer Boskovic, in Rovinj and

Zagreb, Yugoslavia, as well as the CNEN-EURATOM Laboratory in Fiascherino,

Italy, has proved effective.

By means of an informal exchange agreement, scientists from the Monaco

Laboratory and the Center for Marine Research have participated in a colla-

borative research programme dealing with the interaction of different

physico-chemical forms of radionuclides and marine biota. Neutron activation

facilities at the Center have been made available to analyze marine biota

samples as part of an intercalibration of analytical methods exercise

planned for the future.

Short-term exchanges with scientists at the CNEN-EURATOM Laboratory

have enabled collaborative discussions on the mathematical modelling

of the transport of radionuclides and trace elements by marine plankton.
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III. THE LABORATORY STAFF

1. PRESENT PROFESSIONAL STAFF OF THE LABORATORY

DUURSMA, 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. Joined IAEA in 1965.

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 Fullbright Fellow, Monterray Institute of Technology,

Escuela de Ciencias Maritimas, Guaymas, Mexico.

Marine radioecologist conducting studies on the modeling of the

transport of radionuclides by marine biota. Joined IAEA in 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 seawater and marine organisms. Joined IAEA in 1962.

JOSEPH, Joachim Reinhold (Federal Republic of Germany)

Born 1910; University of Leipzig; M.Sc. (Mathematics, physics,

geophysics), Dr. rer. nat. (Oceanography).

Regierungsdirektor and Professor; Former Head of the Oceanographic

Department of the German Hydrographic Institute, Hamburg.

Director, responsible for the scientific programme, the administration

and external relations with governmental and scientific agencies

in matters related to the fields of activity of the Laboratory.

Joined IAEA in 1964.
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MURRAY, Charles Nicholas (United Kingdom)

Born 1943; University of Liverpool, B.Sc (Chemistry, physics),

M.Sc. and Ph.D. (Chemical oceanography).

Marine chemist conducting research on the behaviour of radionuclides

in relation to adsorption-desorption equilibria of radionuclides by

freshwater sediments in a freshwater-seawater system.

Joined IAEA in 1971.

RENFRO, William C. (USA)

Born 1930; University of Texas B.A. and M.A. (Zoology)

Oregon State University Ph.D. (Oceanography).

1958-1959 Marine Biologist, Texas Game and Fish Commission, Galveston

Bay, Texas, USA.

1959-1964 Fishery Research Biologist, U.S. Bureau of Commercial

Fisheries, Galveston, Texas, USA.

1964-1967 Research Fellow, Oregon State University, Corvallis, Oregon, USA.

1967-1971 Assistant Professor of Oceanography, Oregon State University,

Corvallis, Oregon, USA.

Marine radioecologist, responsible for research projects of the

radiobiology section.

Joined IAEA in 1971.
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2. LIST OF SCIENTISTS WORKING IN THE LABORATORY (1962-1972)

2.1. Professional Staff

W. Chipman

* E.K. Duursma

A. Fedorov

S. Fonselius

* S.W. Fowler

* R. Fukai

E. Gilat

I. Hela

* J. Joseph

S. Ke6keg

* C.N. Murray

* W.C. Renfro

USA

Netherlands

USSR

Finland

USA

Japan

Israel

Sweden

Fed. Rep. Germany

Yugoslavia

United Kingdom

USA

* Still working in the Laboratory in 1972.

2.2. Special Service Agreements

A.G. Davies

D. Eisma

* K.H. Mancy

J.K. Miettinen

Z. Pucar

** L.F. Small

United Kingdom

Netherlands

USA

Finland

Yugoslavia

USA

* Still working in the Laboratory in 1972.

** Working in the Laboratory in 1971.

2.3. Fellowships

Y. Omomo

Y. Unlu

M.C. Vas Carreiro

Japan

Turkey

Portugal
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