IAEA-163

ACTIVITIES OF THE
INTERNATIONAL LABORATORY
OF MARINE RADIOACTIVITY
1974 REPORT
MONACO, JUNE 1974

A TECHNICAL REPORT PUBLISHED BY THE
INTERNATIONAL ATOMIC ENERGY AGENCY, VIENNA, 1974

PLEASE BE AWARE THAT
ALL OF THE MISSING PAGES IN THIS DOCUMENT
WERE ORIGINALLY BLANK

The IAEA does not maintain stocks of reports in this series. However,
microfiche copies of these reports can be obtained from
INIS Microfiche Clearinghouse
International Atomic Energy Agency
Kdmtner Ring 11
P.O. Box 590
A-1011 Vienna, Austria
on prepayment of US $0.65 or against one lAEAmicrofiche service coupon.

C O N T E N T S

INTRODUCTION

...........................

7

RADIOBIOLOGY

...........................

9

1.0

RADIOTRACER LABELLING EXPERIMENTS

1.1

............

Relative importance of food and water pathways
in the bio-accumulation of zinc ...........

Effect of different modes of radiotracer labelling
on radionuclide flux rate . . . . . . . . . . . . . .
1.3 Accumulation and retention of 241Am in marine
plankton . . . . . . . . . . . . . . . . . . . . . .

11

11

1.2

1.4

20
28

Sediment-worm interactions: transfer of
Zn,
Cd
llOm^g frOm marine sediment by Nereis diversi-

and

2.0

color . . . . . . . . . . . . . . . . . . . . . . . .

33

RADIONUCLIDE AND TRACE METAL CYCLING STUDIES .......

43

2.1 Flux of cadmium through euphausiids . . . . . . . . .

43

2.2
2.3

Elemental concentration of zooplankton and their
particulate products . . . . . . . . . . . . . . . .

55

Biologically transformed zinc and its subsequent
availability to marine biota . . . . . . . . . . . .

62

RADIOCHEMISTRY
3.0

..........................

71

INTERCALIBRATION PROGRAMME: PROGRESS AND RESULTS TO DATE .

73

3.1 Progress and results to date

............

73

................

82

4.1 Strontium-90 in sea water . . . . . . . . . . . . . .

82

4.0 RADIOCHEMICAL SEPARATIONS

5.0 TRACE ELEMENT STUDIES

..................

5.1 Anodic stripping voltammetry

84

............

84

5.2 Zinc in the Var River Estuary . . . . . . . . . . . .

88

- 3 -

6.0

TRACER STUDIES USING

6.1
6.2
6.3

Pu . . . . . . . . . . . . . . . . .

90

Plutonium-237 as a tracer in plutonium biogeochemical
experiments . . . . . . . . . . . . . . . . . . . . . .

90

Distribution coefficient of plutonium between
sediment and sea water . . . . . . . . . . . . . . . .

94

Adsorption and desorption of plutonium and americium
in fresh water-sediment and sea water-sediment systems.

96

RADIOSEDIMENTOLOGY

. . . . . . . . . . . . . . . . . . . . . . . . . 105

7.0 RADIONUCLIDE-SEDIMENT INTERACTIONS . . . . . . . . . . . . . 107

7.1

Fixation of radionuclides with time by marine sediments 107

7.2

Chlorine interactions with sea water and dissolved
organic matter . . . . . . . . . . . . . . . . . . . . 108

7.3

Studies on the solubility, glass-adsorption,
extraction and evaporation of DDT using 3*>C1-DDT. ... 114

MEDITERRANEAN FIELD MEASUREMENTS
8.0

. . . . . . . . . . . . . . . . . . 117

TRACE METALS IN BIOTA, SEDIMENT AND WATER

......... 119

8.1

Trace element concentrations in mussels of the
Ligurian Sea . . . . . . . . . . . . . . . . . . . . . 119

8.2

Trace metal concentrations in waters of the
Ligurian Sea . . . . . . . . . . . . . . . . . . . . . 126

8.3 Metal concentrations in nearshore Mediterranean
sediments . . . . . . . . . . . . . . . . . . . . . . . 129

9.0

8.4

Radionuclide measurements of water, sediment and biota
collected from the Ligurian Sea: 239, 240pu> 90Sr an(]
137Cs . . . . . . . . . . . . . . . . . . . . . . . . . 134

8.5

Chlorinated hydrocarbon residues in biota, sediments
and water collected from the Ligurian Sea ....... 138

LITERATURE CITATIONS . . . . . . . . . . . . . . . . . . . . 151

- 4 -

10.0 MANUSCRIPTS SUBMITTED FOR PUBLICATION OR IN PRESS ...... 157

10.1 Radiobiology

.................... 157

10.2 Radiochemistry

.................... 157

10.3 Radiosedimentology

.................. 158

11.0 ABSTRACTS OF RECENT PUBLICATIONS

.............. 159

12.0 PRESENT PROFESSIONAL STAFF OF THE LABORATORY

........ 17.7

13.0 LIST OF SCIENTISTS ASSOCIATED WITH THE LABORATORY
(1962 - 1973) ........................ 179

13.1 Professional staff

.................. 179

13.2 Special Services Agreements .............. 179
13.3 Fellowships ...................... 179

- 5 -

INTRODUCTION
THE PROGRAMME OF THE INTERNATIONAL LABORATORY OF MARINE
RADIOACTIVITY HAS UNDERGONE SIGNIFICANT CHANGES SINCE THE PUBLICATION

OF THE LAST PROGRESS REPORT (IAEA TECHNICAL REPORT 1^8).

THE INTER-

CALIBRATION AND INTERCOMPARISON EXERCISE DEALING WITH MARINE RADIOACTIVITY
MEASUREMENTS IS CONTINUING;
LABORATORY'S EFFORT.

THIS ACTIVITY REPRESENTS A MAJOR PART OF THE

DETERMINATIONS OF PLUTONIUM AND TRANSPLUTONIUM

RADIONUCLIDES ARE NOW BEING MADE ON THE SAMPLES DISPATCHED FROM MONACO.
THE MEASUREMENT CAPABILITY OF THE LABORATORY HAS BEEN GREATLY
IMPROVED BY GIFTS OF EQUIPMENT FROM THE UNITED STATES AND FRENCH GOVERNMENTS.
THIS HAS PERMITTED THE STAFF TO INITIATE NEW SUBPROGRAMMES IN PLUTONIUM
BIOGEOCHEMICAL STUDIES, TRACE METAL BIOKINETIC STUDIES AND RESEARCH DEALING

WITH NON-RADIOACTIVE CONSTITUENTS ASSOCIATED WITH THE OPERATION OF POWER
PLANTS.

THE EQUIPMENT IS ALSO BEING USED IN OTHER ENVIRONMENTAL RESEARCH

PROJECTS SPONSORED BY THE UNITED NATIONS ENVIRONMENTAL PROGRAMME, THE MAJOR
PART OF WHICH IS AN EXPANDED INTERCALIBRATION EXERCISE ON TRACE METAL AND
HALOGENATED HYDROCARBON MEASUREMENTS.
THE LABORATORY HAS CONTINUED ITS COLLABORATION WITH OTHER RESEARCH
CENTRES AND CONTINUES TO HAVE STRONG TIES WITH THE CENTRE SCIENTIFIQUE DE

MONACO.

THE INSTALLATION AND OPERATION OF NEW EQUIPMENT IN THE LABORATORY

WOULD NOT HAVE BEEN POSSIBLE WITHOUT THE HELP OF MR. JEAN GALLIOT OF THE

CENTRE SCIENTIFIQUE AND WE HEREIN GRATEFULLY ACKNOWLEDGE THIS ASSISTANCE.

7 -

RADIOBIOLOGY
THE MAJOR EFFORT OF THE RADIOBIOLOGY SECTION DIKING 1973 WAS
DIRECTED TOWARD STUDIES DEALING WITH THE B10KINETIC BEHAVIOUR OF RADIOISOTOPES AND THEIR STABLE ELEMENT COUNTERPARTS IN MARINE ORGANISMS.
UPTAKE AND LOSS RATES OF RADIONUCLIDES IN MARINE BIOTA ARE STRONGLY
DEPENDENT UPON THE CHEMICAL AND PHYSICAL FORM OF THE ISOTOPES; LABELLING
OF HIGHER TROPHIC LEVEL ORGANISMS BY 1NGESTION OF RADIOACTIVE FOOD OR BY
DIRECT UPTAKE FROM WATER CAN SUBSTANTIALLY ALTER TURNOVER RATES. ONCE
METABOLIZED AND .EXCRETED, THE AVAILABILITY OF RADIONUCLIDES AND TRACE
ELEMENTS TO MARINE ORGANISMS MAY BE ALTERED. INDEED, THE PLANKTON BIOMASS
IN THE NEAR SHORE AREAS OF THE WORLD'S OCEANS MAY COMPETE WITH PHYSICAL AND
CHEMICAL PROCESSES IN THE VERTICAL TRANSPORT OF THESE ENTITIES TO THE OCEAN
FLOOR. ONCE BOUND TO SEDIMENTS, THE AVAILABILITY OF RADIONUCLIDES AND TRACE
METALS TO BENTHIC ORGANISMS AND THUS TO HIGHER CARNIVORES FEEDING ON BENTHIC
ORGANISMS BECOMES AN INTERESTING RADIOECOLOGICAL QUESTION. THE RESULTS OF
BOTH LABORATORY AND FIELD EXPERIMENTS IN EACH OF THESE SUBJECT AREAS ARE
PRESENTED IN THIS SECTION.
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1.

Radiotracer labelling experiments

1.1

Relative Importance of food and water pathways in the
bio-accumulation of zinc

W.C. Renfro

S.W. Fowler, M. Heyraud and J. LaRosa

The relative importance of the food versus water pathway as a
source of radionuclides to aquatic organisms is of major interest to
radioecologists. The two pathways for radionuclide accumulation are
inseparable in nature; however, most studies attempting to solve this
problem have utilized laboratory experiments which treat the two pathways
separately. One problem inherent in this approach is the assurance that
the radionuclide concentration available to organisms by each separate

pathway is in the same relative proportion as would be the case if the
two routes were presented together in a system in which the presence of
the food did not alter the specific activity of the isotope in the water.
In addition, many experiments have been of a short-term nature which
precludes any comparison of animals which have achieved isotopic equilibrium
with the radionuclide available to them in their ambient medium. Therefore,
an experiment was designed to allow groups of animals to accumulate radioactivity from the two different pathways simultaneously in the same
simulated ecosystem. This approach has the advantage of treating the two
groups in exactly the same manner thereby eliminating variation inherent in
separate experiments. In this case the only variable was assumed to be the
presence or absence of radioactivity in the organisms' food.
In order to simulate an ecosystem in which biotic and abiotic
factors would not alter the radionuclide specific activity, a large
polyethylene tank was filled with 300 litres of cotton-filtered sea water to
which was added 900 wCi of Zn. The sea water was enriched with 6 rag
NaN03/fc 3.6 mg Na^HPO./fc and 0.1 rag FeCl~/& so as to promote the growth of
phytoplankton species already present in the water. The tank, covered with
a thin sheet of transparent plastic and maintained in a sheltered outdoor
enclosure, was for the most part shaded, however, some direct sunlight
reached the water at certain times of the day. Twelve polyvinylchloride
cyclindrical containers approximately 20 cm in diameter and 30 cm long,

screened at one end, were suspended into the tank to serve as holding devices
for the experimental animals (Fig. 1). Into each container were placed a
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i
Figure 1. Photograph of experimental tank showing animal
containers suspended from wooden supports

single fish of the genus Gobius, a small crab (.Coroinus rnaenas) and a small
benthic shrimp (Lysmata setiaaudata), the latter two each contained in
perforated plastic counting tubes. In two other PVC containers brine shrimp
(Artemia) and mussels (Mytilus galloppovincialis) were maintained to serve
as a radioactive food source for one group comprised in six experimental
animals. Two air stones were placed on the bottom of the tank to assure
aeration and good water circulation.
- 12 -

The design of the experiment was as follows: all animals were
allowed to accumulate
Zn from water under the same conditions however,
only one group of 6 animals was allowed to ingest radioactive food. The
other group, fed at the same time, ^ngested the same , ood type which was
held in non-radioactive sea water. Periodically all animals were removed

from the tank, rinsed, monitored for radioactivity and placed in similar
containers which were suspended in a large basin of non-radioactive sea
water at the same temperature where the animals were allowed to eat either
the radioactive or non-radioactive food ration. All animals were fed three
times a week during a 3 hour period. Each fish received approximately
500 mg of chopped mussel or several dozen Artenda during a feeding period.
One half of a mussel shell with the adhering soft parts was placed in each
crab tube. The shrimp, held in small jars containing non-radioactive sea
water, received a predetermined number of Artemia. Generally, the majority
of the food ration was consumed within the alloted time, however,
crustaceans which were nearing molt usually ate nothing. Tests on animals
receiving non-radioactive food showed that almost no radiozinc was lost
from organisms during the three hours spent out of the radioactive sea water.
After each feeding period the animals were replaced in the radioactive sea water for further uptake. At frequent intervals the crustaceans
were observed and any molts present were monitored for Zn activity. At
the same time water temperatures were recorded.

Artemia were occasionall> added to the food containers to assure
a sufficient supply at each feeding period. The mussel supply in both
radioactive and non-radioactive containers was sufficiently large to last
the entire experiment. Samples of both Artemia and Mytilus were also
monitored during the experiment to follow the accumulation of Zn.
Throughout the three months salinity was monitor* 5 and maintained
at 37.9%0 by additions of distilled water. To correct for losses of Zn
from the water by adsorption to the wails, accumulation by animals and
deposition of particulate products sucn as fecal pellets, the Zn activity
in the water was periodically compared to a reference standard and when
water levels dropped significantly, more radioisotope was added to the system.
Loss of

Zn from water was most rapid over the first few days of the

experiment but diminished considerably with time. The particulate fraction
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of

Zn in the water was also assessed at certain times during the

experiment. Participate Zn was defined as that fraction retained on the
upper filter after filtering samples through double layer 0.45p membrane
filters. Experimental organisms as well as sea water samples collected at
the beginning and end of the experiment were measured for stable zinc by
ASV techniques in order to compare specific activities of water and
organisms.

Radioactivity measurements were performed with a single channel
analyzer connected to a well-type Nal(Tl) scintillation probe (7.6x7.6 cm).
/re
The use of a reference standard allowed for corrections of Zn decay as
well as sensitivity drift of the instrument during the experiment. Overall
counting error was estimated to be below 1%. The results are reported as A
per gram wet weight. A is the Zn activity in the animal expressed as a
percentage of the standard.
Six Mytilus which were considered representative of the group of

mussels used for food were counted over the 96 day experimental period.
Figure 2 shows

Zn was taken up relatively rapidly over the first 20
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Figure 2.
Accumulation of Zn by Mytilus galloprovinoialis. Each
point represents a mean of six animals. Bars indicate the range of
values. A = 65zn in mussel expressed as a percentage of the standard.
Mean water temperatures are given along the abscissa. Mussels averaged
3.53g wet weight.
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after which time accumulation was much slower. From day 60 onward, no
net accumulation was observed indicating a steady state between the exchange
of Zn in the mussel and water had been reached. Mean concentration
factors averaged 175 during this period. Despite an obvious lack of
particulate matter in the water on which the mussels could feed, 5 of the
animals showed little, if any, loss of weight during the experiment; however,
one individual lost 19% of its fresh weight over the 96 day period. Measurements of Zn in aliquots of Artemia taken from the tank showed that the

culture rapidly accumulated the isotope and appeared to approach a steady
state with
Zn in the water after 48 hours.
The results of the

Zn accumulation experiments for the two

different treatments are presented in Figure 3.

Artemiaf almost never significantly increased the
which was obtained directly from the water.

Shrimp (Fig. 3a), grazing

Zn body burden over that

Counts on Artemia food ration

showed that the shrimp could consume from 11 to 50% of their own
Zn body
burden at each feeding. If assimilation of ingested
Zn by shrimp were
high it would be expected that these animals' radiozinc concentration would
increase relative to that in animals which had accumulated the isotope only
from water. Since this was not the case, it can only be concluded that

much of the ingested
Zn was excreted, perhaps in the form of fecal pellets.
Indeed, tests showed that shrimp which had eaten
Zn labelled Artemia were
higher in radiozinc just after the 3 hour feeding period than at subsequent
times over the next day after being replaced in the radioactive ecosystem.
It was thought that perhaps the manner in which the Artenria

incorporated

Zn might have affected the assimilation efficiency in shrimp

grazing Artemia.

If

Zn accumulation was principally from water as was

thought to be the case in the experimental tank, perhaps much of the radionuclide was adsorbed on to unassimilatable expskeletal material. To test

this hypothesis shrimp were fed a single ration of one or the other of two

groups of Artenri-a, one which had grazed on a dense suspension of Znlabelled phytoplankton and another which had accumulated the radioisotope

directly from water. Excretion rates followed over the next 72 hours showed
that percentages of Zn assimilated into body tissues were identical; thus,
effects due to differences in labelling the food were ruled out.
- 15 -
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Figure 3. Accumulation of Zn by a) shrimp (Lysmata seticaudata)
b) crabs (Corcinus maenae), and c) fish (Gobius sp.). (D) = mean
value for group accumulating 65zn frOm food and water pathway;
(e) * mean value for group accumulating 6^Zn frOm water only. Bars
indicate the range of observations. A = ^5zn j[n animai expressed
as percentage of the standard. Mean water temperatures are given
along the abscissa.
Although values for

Zn and stable zinc varied widely among the

shrimp analyzed at the end of the experiment,

Zn specific activities were

quite similar (Table 1). Unfortunately, a statistical test of the
significance of the differences was precluded by the fact that only two
individuals survived in the group accumulating
Zn from water.
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Table 1. Final Zn specific activity in the experimental organisms.
Specific activity expressed as pCi °^Zn/yg Zn
Zn uptake
pathway

Shrimp
x IQ~

Crabs .
x 10

Fish ^
x 10

water

44.6

31.4

0.7

Food
&
water

54.1

70.6

3.6

Student's
T-test
at (5% level

not
significant

-

significant

of significance)

The large variation among
Zn body burdens of shrimp in both
groups was primarily due to loss of the isotope at molt. Shrimp molted on
the average every 3 weeks and lost approximately 45% of their
burden with each molt.

Zn body

The relatively large difference between the two

groups at day 56 was due to the fact that the three shrimp

remaining in the

"water uptake" group had all molted just prior to this measurement, thus
reducing the mean Zn body burden substantially. Clearly, frequent molting
can strongly affect zinc accumulation kinetics in shrimp.
A slightly different case was observed with crabs (Fig. 3b).
Depending upon the time of the experiment, crabs received, at each feeding,

labelled food containing from 35 to 50% of the Zn content of the crabs.
In general crabs obtaining Zn from the food and water pathway attained
higher radiozinc body burdens than the other group, however, the differences

were only substantial until the end of the second month. After this time
with the onset of higher water temperatures the crabs began to molt losing
/in

an average of 61% of the

Zn body burden with each exoskeleton.

commencement of molting onward, net

ft "S

From the

Zn accumulation slowed considerably

and the mean concentrations of radiozinc in both groups were not significantly
different. At apparent equilibrium, the groups accumulating

reached a mean concentration factor of approximately 150. The

Zn from water

Zn specific

activities at the end of the experiment, although differing by more than a
factor of two, were not statistically different (Table 1).
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'On the other hand, the presence of radioactive food in the diet
of fish significantly increased the Zn body burden over those animkls
accumulating the nuclide from water (Fig. 3c). Depending upon the food
type and the time of the experiment, fish could ingest from 17 to 400% of
their Zn body burden at each feeding. It did not appear that isotopic
equilibrium was reached in either group during the three month period.
When the remaining animals were sacrificed on day 88 the difference in
specific activities were statistically significant at the 5% level of
significance (Table 1.).
On the first day of the experiment before the animals were added,
approximately 8% of the Zn activity in the water was associated with
particles which were retained on 0.45it membrane filters. This fraction had
dropped to 2% by the second day and thereafter remained less than 1% despite
repeated Zn additions throughout the experimental period. It was felt
that the relatively large fraction of particulate Zn present on day 1
may have been due to adsorption of the radioisotope to iron particles caused
by the addition of Fed- in the nutrient enrichment medium. The presence of
the particulate fraction was accompanied by a relatively rapid decrease of
Zn from the water over the first 2 days, possibly caused by precipitation
of the particulate iron. This loss in Zn activity was compensated by the
addition of more radiozinc on day 3. Thereafter, Zn loss from the water
was much more gradual which necessitated only occasional, small additions of
radiotracer.
Table 2 shows the results of specific activity aasurements of

Table 2,
Stable zinc, Zn and specific activity in water samples
from the experimental basin
Day

pCi Zn/£

0
96

3
.
1
8
2.30*

jig total Zn/&

23.3
117

Specific

activity,
x 10""
136
1
9
.
6

Difference due to physical decay of isotope during the experiment
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water samples taken on the first and last day of the experiment. The
five-fold increase in stable zinc indicated the possibility of contamination.
The additions of high specific activity

Zn added a total of only 5.5 ygZn/fc

as carrier over the 96 day period. Unfortunately, the water was analyzed
only twice for stable sine. However, it is suspected that the contamination
took place during a strong windstorm one week before the termination of the
experiment. The tank was uncovered on several occasions during this time

and the possibility of dust and fine particles entering the water was highly
probable.

Zinc contamination in laboratory tanks from sources such as these

has been noted by other investigators.
Considering this possibility, it was felt that the specific
activity in the water on the first day probably most closely reflected that

which the animals experienced during the major portion of the study.

If

comparisons are made between specific activities of animals (Table 1) and
water (Table 2), it can be seen that isotopic equilibrium had not been
reached after 96 days exposure, although in the case of shrimp and possibly
crabs net
Zn accumulation appeared to cease or diminish before the
termination of the experiment. An examination of relative concentration
factors based on radioisotope content and stable zinc measurements in the
organisms and water leads to the same conclusion (Table 3). Regardless of

Table 3. Mean whole body concentration factors of
stable zinc (C« F.) in experimental organisms
Zn uptake
pathway

Water
Food & Water

Shrimp
*C.F.

Crabs

C.F. *C.F.

Zn (*C.F.) and

Fish
C.F.

Mussels
*C.F.

300
(2)

2060
(6)

130
(4)

520
(6)

10
(4)

1400
(5)

340
(4)

3200
(6)

210
(5)

450
(6)

25
(4)

900
(4)

C.F. *C.F.

170
(6)

580
(6)

Radiozinc analyses were performed on remaining organisms sacrificed at the
end of the uptake. Stable zinc measurements were made on all experimental
animals and concentration factors based on the initial zinc concentration
in the water. Numbers in parenthesis indicate the number of individuals
analyzed.
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C

the treatment, Zn concentration factors after 96 days did not approach
those basad oa. stable aine values for any of the animals studied. These
results iiaply that in adult individuals of the species studied, there exist
zinc pools which exchange very slowlyj if at all, with s. °.nc atoms absorbed
from water or icgested with the organisms' food. The results of other
workers similarly have shown that concentration factors for Zn and other
isotopes in certain adult individuals accumulating the isotope from water
have fallen far abort of those based on stable element data. In certain
cases it seems apparent that only those individuals which have lived their
entire lives in a, radioactive medium could achieve true isotopic equilibrium
with their surrounding environment.
Clearly, with certain animals such as shrimp, the food pathway
does not appear to play as important a role in sine accumulation as has
been generally accepted. Even in the case of fish Zn accumulation through
the food pathway only accounted for an average of 2,5 times more activity
than that obtained directly from water after a 3 month period in the
contaminated ecosystem. Nevertheless, it should be kept in mind that the
choice of diet and feeding regime in this study was strictly arbitrary. It
was hoped that diet and biomass ingested would closely reflect that
encountered in the natural environment, but fluctuations in food quality and
feeding rates could alter sine absorption kinetics. Clearly this problem
w&rr&nts further study.
1.2

Effact of different. gspdes^c 7- radiotracer labe ling^on
radionuclide flux rate
S.W. Fowler, W.C. Renfro, J. LaRosa and M. Heyraud

Numerous E&ethods have been employed in labelling marine biota
with radiotracess to follow radionuclide and/or metal kinetics. Labelling
times range frcss periods of hours to several months. Animals have been
labelled with single or multiple rations of radioactive food either in a
non»radioactive nadium or in sea water containing the same radiotracer.
Whether the array of laboratory labelling techniques all lead to the same
result as far as radionuclide or metal flux is concerned and whether these
results truly reflect flux rates that would occur under natural conditions
in situ is questionable. To this end a series of experiments were designed
to test the effects of different methods of labelling and different labelling
tlmas on the flux rate of Zn ia two marine crustaceans.
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An assemblage of mussels with its associated biotic community

including the littoral amphipod, Ganmxrus loeusta, was picked from the
rocks near the Monaco Laboratory and placed in the outdoor
Zn-labelled
simulated ecosystem described in Section 1.1. The amphipods were allowed
to accumulate radiozinc under what was considered to be a close approximation to a natural mode of labelling for a period of 27 days. The
Zn
concentration in the water was 3 yCi/fc. Besides accumulating
Zn
directly from water the amphipodscould ingest
Zn labelled natural food
which consisted of the flora and fauna normally associated with the mussel
assemblage.
During the same period of time other individual amphipods of the
same size were taken into the laboratory where they were labelled by four
different methods for the same period of time. One group of 5 individuals
was placed in small beakers containing radioactive sea water of the same
65
concentration as that in the outdoor tank. The only route of Zn available
to this group was direct accumulation from water. The medium was changed
frequently to avoid a buildup of excreted Eetabolites. The animals were
periodically removed from the labelled medium and allowed to ingest 2 or 3
Artemia in non-radioactive sea water to ensure good health during the 27
days. The second group of 5 amphipods was held in beakers of non-radioactive sea water and received daily rations of 3 Artemia which had
accumulated Zn directly from labelled sea water at the same concentration
previously mentioned. The treatment of the third group was similar to that
of the second except the Artemia had accumulated
Zn by previously grazing
on a dense culture of phytoplankton labelled in sea water with the same
radiozinc concentration. The fourth group was similarly maintained in sea
water at 3 yCi
Zn/£ and received daily rations of 3 Artenria used to supply
the third group. These amphipods thus had available Zn from both the food
and water pathway as did those animals maintained in the outdoor tank.
In general all amphipods readily consumed the 3 ArtemLa which
were given daily however,, on occasion, usually near time of molt, the entire
ration was not eaten. Periodically.: all individuals except those in the

mussel assemblage were monitored for

Zn accumulation and replaced in the

beakers. Pieces of small, hollow glass tubing wrapped with black tape were
placed one to a beaker to serve as shelter for the amphipods. The beakers
were kept in subdued light in a controlled temperature room which was maintained at temperatures similar to those experienced in the outdoor tank.
- 21 -

Following uptake the amphipods were counted a final time and
transferred individually to 100 ml plastic beakers containing clean sea

water, a small layer of fine sediment and a similar glass tube for shelter.
The water and sediment was changed daily at which time each individual was

given a ration of 3 small Artemia.

All individuals were monitored for

Zn

loss periodically during 4 months. Experimental conditions for the amphipod
experiments are summarized in Table 4a.

Table 4 .
Experimental conditions for the accumulation and loss of
by: a) Amphipod, Gamnarus locusta and: b) Shrimp, Lysmata

seticaudata
a)
Amphipod
group

No. of Mean 65Zn uptake
indiv. wet
mode
wgt.
(mg)

Tank
5

2

5

3

5

4

5

Uptake Mean
Loss
Loss
time
uptake time
Temp.
(days) Temp. (days) (°C)
CC)

Natural food
and water

27

11

97

16-21

9.3 water only
9.0 Aptenria labelled
from water only
11.0
Avtemia labelled
by food and water
8.2 Water + Avtemia
labelled from
food and water

27
27

12
12

119
119

16-21
16-21

27

12

119

16-21

27

12

108

16-21

13.1

1

Zn
in
water

b)
Shrimp
group

No. of Mean
indiv. wet
wgt.

"-*„Zn
in
water
MCi

Zn uptake
mode

(mg)

Uptake Mean
Loss
Loss
time
uptake time Temp.
(days) Temp. (days) (°C)

CO

2

650

Natural food
and water

5

180

13

240

16-22

2

3

670

water only

2

25

13

240

16-22

3

5

450

Single feeding of labelled Artemia

immediate

13

156

16-22
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Similar sized adults of the benthic shrimp, Lysmata set-i.aaudzta3
were employed in another experiment designed to study the effects of
different modes of radiotracer labelling on long-term radionuclide excretion.
One group of shrimp was placed in a basin containing 4 liters of sea water
containing 5 uCi
Zn/£. A large assemblage of mussels (Mytilus galloprovincialis) with its community of various benthic algae, bryozoa and small
invertebrates was also added to serve as food for the shrimp during a 6 month
accumulation period. The natural diet was supplemented by occasional
additions of brine shrimp. The medium was not changed during the uptake
period. This treatment was somewhat similar to that of the amphipods in the
simulated ecosystem except that the basin was maintained in the laboratory
at a temperature of 13°C. A second group of shrimp was held for 25 days in
fc
/: e
Zn labelled sea water with a concentration of approximately 2 yCi Zn/&.

No food was given to the animals during this time. The last group of shrimp
was fed a single ration of 10 radioactive Artemia which were rapidly
consumed within several minutes. Both groups were also kept at a constant
temperature of 13°C.
Immediately following each radiotracer labelling treatment, the

animals were monitored for Zn content and placed in perforated plastic
tubes which, in turn, were submerged in a large basin supplied with flowing
sea water from the aquarium system of the Musee Oceanographique. The flowrate varied only slightly averaging about 4 liters/minute. Sea water
temperatures varied between 16 and 22°C depending upon the time of year.
Shrimp were fed chopped mussel and Artemia throughout the entire loss period.
All experimental conditions are summarized in Table 4b.
Radioactivity measurements were performed as described in
Section 1.1. Relative radiotracer accumulation in amphipods was plotted as

concentration factors which are defined as
divided by

Zn activity per gram water.

Zn activity per gram wet weight
A concentration factor, sensu

striatOf has dubious significance for the group accumulating radiotracer

from the food pathway; however the unit has also been applied in this case.
Excretion of
Zn from amphipods and shrimp was computed as the percent
retained of initial
Zn activity in the individual at the beginning of loss.
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The accumulation of Zn by amphipods under various treatments
is shown in Figure 4. In general amphipods accumulating Zn wholly or in
3000h

'link

2000

1000

§00!

e
100-

50-

10

15

20

25

30

T8ME (Days)
Figure 4. Accumulation of Zn by the amphipod, Gammarus loauata,
under different conditions of radiotracer labelling. Each point
represents a mean value and bars indicate range of values where
applicable. Circled numbers refer to animal group and its respecu
tive treatment:. For experimental conditions see Table 4a and text.
part from water reached the highest level. The presence of radioactive
Aftemia as a source of Zn (group 4) in addition to that accumulated only
from the water (group 1) approximately doubled the concentration factor
after 27 days. Furthermore, the animal living in the outside tank under
quasi-natural conditions concentrated Zn to the highest degree. The
large variation about the mean was in part due to the animals periodic
molting and consequent loss of incorporated Zn.
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The loss curves for all treatments are presented in Figure 5.

CD*

Tank

10

20

30

40

50

60

70

80 90

10

110

TIME (Days)
Figure 5. Excretion of Zn from the amphipod, Gammarus locusta,
after using various modes of radiotracer labelling. Points and
bars for the laboratory groups indicate the mean and range of
values, respectively. The bar for the individual from the tank
represents 1 S.D. of the counts. Loss due to molting is included
in the curves. Circled numbers refer to animal group and its
respective treatment. For experimental conditions see Table 4a
and text.
Unfortunately only one amphipod was retrieved from the mussel assemblage
in the outdoor tank.

The excretion curve for this individual was treated

as a single exponential with a biological half-time of approximately 15
days.

The 4 groups of amphipods labelled in the laboratory lost

Zn at

similar rates throughout the entire experimental period although excretion
appeared to take place from two or more compartments within the animal.

Nevertheless, the excretion rates for the 4 laboratory-conditioned groups
were significantly different from the single individual labelled in the
outdoor simulated ecosystem.

Wide variations about the mean

- of animals within each laboratory group were apparent.
due to

Zn content

This was primarily

Zn loss at molt as well as poor counting statistics during the

latter part of the experiments when absolute
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Zn content was low.

Nevertheless, after day 30, mean loss rates for the various groups were
treated as single exponentials and biological half-times ranging froa 58 to
75 days were computed (Table 5).

Table 5. Biological half-times for Zn in a) amphipods and
b) shrimp after various treatments of radiotracer labelling
Group
a) Amphipod
Tank
1
2
3

4

Zn uptake mode

Tb, (days)

Natural food and water
Water only
Artemia labelled from
water only
ArtemCa labelled from
food and water

15
70
61

Water and Artemia labelled

58

75

frora food and water
b) Shrimp
1
2
3

Natural food and water
Water only
Single feeding of

102
96
75

labelled Artemia

If loss kinetics of the single individual from the simulated
ecosystem are indeed representative of amphipods labelled in this manner,
two conclusions emerge. First, although no significant differences in Zn
flux rates among various laboratory labelling treatments are apparent, it

is evident that amphipods accumulating

Zn under quasi-natural conditions

might display vastly different excretion kinetics during similar long-term
loss experiments. Second, in order to obtain true excretion rates from all
labelled costpartments within the organism, it is imperative to follow loss
for a sufficiently long time in order that radiotracer excretion from

cojEpartEants with slow radionuclide turnover rates becomes apparent. Had
the experiment in Figure 5 been terminated after one month, a completely
different interpretation of the data would have resulted. For example, a
labelled compartment which included from 10 to 20% of the incorporated Zn

in the laboratory groups would have been neglected.
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Results to date from the shrimp experiments are presented in

Figure 6.

As with the amphipods, relative loss rates from shrimp indicate

100=

,<>>.„

60

90
120
TIME {Days)

150

180

210

240

Figure 6. Excretion of 65,.Zn from shrimp, Lysmata setieaudatat
after different times and modes of radiotracer labelling. Points
and bars indicate the mean and range of values, respectively.
Loss due to molting is included in the curves. (») accumulation
from water and natural food for 6 months, (O) accumulation from
water for 25 days, (A) accumulation by ingesting a single ration
of labelled AFterrrla. For experimental conditions see Table 4b and
text.
the importance of monitoring loss for a sufficiently long period of time to
assure accurate measurements of flux from all labelled compartments. Loss

from all three groups during the first two months was quite different.

From

5 to 8 months after the beginning of loss the excretion rates for groups 1
and 2 were very similar. Although the experiment has not yet been terminated, the animals in group 3 between the 2nd and 5th months of loss
excreted
Zn at a rate not too unlike that of groups 1 and 2 (Table 5). It
is probable that loss from a similar compartment in all three groups was
being followed during this time. However, the percentages of the total Zn
content contained in the compartments with similar excretion rates varied

between 2 and 16%.
Hence,when measuring stable zinc flux rates using radiozinc as a tag, the relative importance of compartments with slow zinc flux
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rates are grossly underestimated when short-term and possibly inadequate
labelling techniques are used. Although only Zn was examined in this
study, the mode of radiotracer labelling might well affect flux rates of
radioisotopes of other metals.
1.3

Accumulation and retention of 241Am in marine plankton
S.W. Fowler and M. Heyraud

Several workers have proposed biogeochemical mechanisms to
account for the observation that plutonium introduced to the sea is rapidly
depleted from surface waters. In fact it appears that the isotope is
removed from sea water by association with sinking particles which eventually are incorporated in the bottom sediments . If this is Indeed the
case, poor assimilation of actinides by filter-feeding plankton might
accelerate the downward movement of these elements in the form of fecal
2
pellets and molts as has been noted for other isotopes .
241
241
The actinide
Am, produced by g-decay of
Pu, is introduced
into the marine environment directly from fallout and reprocessing plant
wastes and indirectly by in situ generation from "Tu. To date the3only
241
measurements of
Am in marine biota appear to be those of Mitchell and
if
Bojanowski et al. who found the isotope to be present in seaweeds from
239
240
approximately 5 to 60% of the level of
Pu and
Pu; nevertheless, its
occurrence in other marine organisms is highly probable. In order to follow
temporal changes in the physico-chemical form of 241Ara in sea water, 40 nCi
241
4-3
of
Am (1 ml stock Am in 1 IN HNOg) was added to a polyethylene beaker
containing 400 ml of cotton-filtered sea water at pH 8.3. The solution was
kept in motion by means of a magnetic stirring bar. Ten minutes after
addition of the isotope, a 10 ml sample was withdrawn and monitored for total
activity. Another 10 ml sample, taken at the same time, was filtered through
double layer 0.45y membrane filters. The amount of 241Am retained on the
top filter less that adsorbed on the bottom filter was considered to represent the particulate fraction of the isotope in sea water at the time of
sampling. Subsequent samples were taken at 2, 4, 7, 24, 30, 47, 71 and 95
hours and treated similarly.
Biological experiments were prepared in the following manner.
Forty nCi of 241Am were added to 50 ml of membrane-filtered sea water. Tl
spiked sea water was then divided into two aliquots of 25 ml, into one of
- 28 -

which was added 175 ml of sea

watt

containing a rich suspension phyto-

plankton cells. The other spiked solution received 175 ml of cotton-

filtered sea water. Thus, the resulting two 200 ml solutions both contained
241
Am at an activity of 100 nCi/£. The only difference was that one sea

water solution contained phytoplankton.
After several hours five adult Aftemia brine shrimp (» 2.0 mg
wet weight each) were placed into each solution and allowed to accumulate
241
Am over a 2 day period. In order to assess the relative rates of uptake
by the Artemia in the two systems, the animals were periodically removed

from the sea water, rinsed in 3 successive baths of sea water, monitored
for radioactivity and replaced in the solutions for further uptake. Ten ml
aliquots of spiked sea water and the algal suspension were also counted
along with the animals for the purpose of computing concentration factors.
At the end of the 2 day uptake period, the algal cells were removed from an
aliquot of the sea water suspension by filtering through a 1.2y filter and

the remaining sea water passed through a double layer 0.45u membrane filter
241
to obtain the distribution of
Am between the different components in the
sea water solutions. After the final radioanalysis of Artemia, the two
groups of animals were placed in 100 ml of clean sea water to follow loss
of the isotope.
241
Another short-term experiment was designed to follow
Am
accumulation and loss kinetics in the euphausiid Meganyct-iphanes norvegioa.
Two individuals, each weighing about 250 mg wet weight, were placed in 400ml
241
of cotton-filtered sea water containing 40 nCi
Am. After 12 hours uptake
241
one euphausiid was removed from the solution, monitored for
Am, and

placed in clean sea water to follow loss. The second individual was allowed
241
to accumulate
Am from water for 64 hours, at which time the experiment
was terminated due to death of the animal. As with the Arterrda experiment,
241Am was also monitored for the purpose of calculating
water content of
concentration factors.

Americium-241, presumably present in the +3 valence state, was
rapidly lost from sea water at normal pH with only about 17% of the initial
241
activity remaining after 4 days (Fig. 7). The particulate fraction of
Am
increased to about 40% of the activity in the sea water after 24 hours and
then decreased to approximately 20% by the end of the 4 day experiment. It
is possible that the overall decrease in sea water activity was due to the
241
rapid formation of
Am-labelled particules with subsequent adsorption to
the container walls.
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TIME (Hours)
241,
Figure 7. Loss of ""*Am and change In physico-chemical form of
the isotope when added to sea water in a polyethylene beaker.
) » percent of initial 24iAm concentration; ( a ) • particulate
as percent of total isotope in sea water at each sampling
time. pU « 8.3, T - 20°C.
Results from the Artemia uptake experiment show that
Am is
far more effectively accumulated from the water pathway than from the
combined food and water pathway (Fig. 8). After 52 hours concentration
241
factors were five times higher in the group accumulating
Am only from
water than those in the group obtaining the isotope from radioactive food
and water. Filtration of the sea water containing 241An showed that 84%
of the activity at this time was of a particulate nature, whereas in the
algal suspension 80.9% was associated with the algal cells, 2.3% with
participates retained on 0.45y filters and 16.8% remained in the filtrate.
When the concentration factors for Artemia in the algal suspension were
recalculated using the activity in the suspension less that associated with
241
the algal cells, a value similar to that in brine shrimp accumulating
Am
241
only from water was found. This finding suggests that
Am associated with
the food was not available for accumulation by Artemia; hence, ingested
OAT
Am is most likely not assimilated but is merely voided with the fecal
material. Similar low assimilation efficiencies were noted for the
lanthanide 141 Ce when ingested by marine zooplankton ** .
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241
Figure 8. Accumulation of
Am by Artemia from water (©) and
algae suspension (O). Concentration factors are based on the
total radioactivity in an unfiltered aliquot of each medium.
( A) » concentration factor for animals in the algae suspension
based oa the residual radioactivity in the aqueous phase of this
medium.

Following uptake, the two groups of Artemia were placed in clean
sea water and the loss of " Am was monitored over a period of 1 day. After
O/T

three hours less than 1% of the accumulated

Am remained in both groups,

a fact which indicates that the isotope was not strongly bound to brine
shrimp tissue.
Preliminary experiments, designed in a similar manner were carried
241
out using euphausiid crustaceans. One individual accumulating
Am reached

concentration factors of 55, 70., 105 and 125 after 12, 20, 36 and 64 hours,
respectively. These values are very similar to those in the same species
5
141
when
Ce is accumulated directly from water .
Another auphausiid was removed from the radioactive sea water
after 12 hours, placed in clean sea water and monitored for loss during the
following 9 days. Although the uptake time was relatively short, 241Am was
not lost from the euphausiid as rapidly as was previously noted with Artemia.

In fact, the euphausiid lost only 40% of the isotope over the first 8 days
(Table 5).

Between the 8th and 9th day, the animal molted.
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Results from

Table 6. Retention of 241Am by the euphauslid Meganyctiphanea
nowegieo. after direct uptake from water for 12 hours
Hours

%

241Am retained in animal

0
12
19
36
64
132
192

100
83
81
79
70
64
60

Molted
216

0

monitoring the euphausiid and its molt showed that all of the radioactivity
associated with the euphauslid just prior to molting was retained on the
cast exoskeletcm. This strongly suggests that surface adsorption plays a
241Am uptake by zooplankton much as has been reported
significant role in
for Ce accumulation by euphausiids .

The frequent molting of most pelagic crustaceans would probably
preclude the accumulation of large amounts of 241Am from water since so
much of the adsorbed isotope is lost with the molts. Results from the algaArtemta food chain experiments indicate that 241Am is relatively nonassimilatable when ingested and thus most, if not all, of the isotope is
rapidly voided in fecal pellets. Both mechanisms, molting and fecal pellet
241Am out of
deposition, would appear to be prime vectors for transporting
the surface layers to depth. Because 241Am is rapidly lost from planktonic
crustaceans* deposition into internal tissues would only occur very slowly
throughout the organisms' lifespan. Although not yet tested, this might
take place just following molt when the isotope can adsorb to freshlyexposed uncalcified exoskeleton tissue. Further experimentation on longterm accumulation of 241Am and other transplutonium isotopes from both the
food and water pathways should help answer these questions.
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1.4

Sediment-worm interactions: transfer of Zn?
from marine sediment by Nereis d^vevsioo'Lov

Cd and

P

Ag

W.C. Renfro and G. Benayoun

In estuarine and coastal environments the sorption of heavy
metals and organic compounds to sedimentary particles appears to be an
important mechanism for concentrating pollutants on bottom sediments. If

the sediment, in some marine areas serves as a reservoir for contaminants*
it might also be a source of toxic contaminants to marine benthic organisms.
Previous work has shown that the marine polychaete worms, Nereis

diversicolox* and Hermione hystrix, could accumulate small but measurable
amounts of Zn and also promote the release of Zn from marine sediment.
Additional radiotracer experiments in the field and laboratory were designed
to understand more about the role of benthic worms in transferring metals
from sediments to marine food webs.
The flowing sea water system utilized for all experiments
consists of a 60 cm? cylindrical plastic tube (the experimental chamber)
resting in a larger plastic container which stands inside a coarse filter
paper cone in a glass funnel. Sea water from the aquarium of the MusSe
Oce'anographique is filtered through glass wool and is then permitted to drop
into the experimental chamber at a rate of 140 + 10 ml per hour.
3
Sixteen cm of silty sediment collected off Monaco were placed

in each experimental chamber. When a worm was introduced, it generally
burrowed in the sediment immediately and remained burrowed throughout the
experiment. In the case of field experiments, large volumes of sediments
from offshore were held in plastic containers resting on the bottom or
suspended in mid-depths. Water temperatures during all the laboratory and
field experiments were within the range 17 - 23'C.
Sediments were made radioactive by adding 30 to 50 uCi of the
appropriate high specific activity isotope to 500 ml of sea water and mixing
with 100 cm of sediment. The Zn and
Cd were added as chlorides; the
Ag was added as nitrate, but its subsequent chemical behaviour was not
known. After thorough mixing of the sediment and radioactive sea water for
at least 24 hours, the sediment was allowed to settle for 24 hours. Samples
of the supernatant water and the sediment were radioanalyzed to determine
the amount of radiotracer sorbed to the sediment under these conditions.
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After 24 hours exposure to radioactive sea water and 24 hours washing with
fresh sea water, the following percentages of the total radioisotope added
were present on the sediment: 3Zn > 99%, 109Cd > 70%, 110mAg > 94%. As
cadmium appears to be less tightly bound to marine sediment, the sediment
109
used to study bio-accumulation of
Cd was allowed to remain in contact
109
with 500 ml of
Cd-spiked sea water for 100 days (to ensure tight binding)
prior to rinsing in fresh sea water and introduction into the flowing sea
water system.
To prepare radioactive detritus, approximately 50 g (fresh
weight) of living green alga (Enteromorpha sp.) was maintained in 1 liter
of
Zn-spiked sea water containing 30 pCi Zn under direct sunlight for
5 days. Following this uptake period the radioactive alga was washed with

fresh sea water and permitted to decay in a darkened container of sea water
for 40 days. After thorough washing with fresh sea water the decayed alga
was dried in a forced draft oven and ground with a mortar and pestle.
For the preparation of a precipitate of ferric hydroxide
containing Zn, fresh water from the Var River, taken north of Nice, France,
was used. To 100 ml of Var River water containing approximately 7 yCi of
high specific activity Zn, 2 rag FeClj was added. Slow addition of NH,OH
to a pH of 9 produced a flocculent precipitate which, after several washings
with fresh sea water (using centrifugation), had a relatively high Zn
activity.
Radioanalyses of all samples were performed using a Nal(Tl)
well crystal 7.6 cm high and 7.6 cm in diameter. For Zn and
Ag a
109
single channel analyzer was employed, while the
Cd analyses were carried
out with a 400 channel analyzer. All radioactivity measurements were made
by alternate counting of background sample and reference standards. Error
terms presented in this report are single standard deviations based on
statistical analyses of counting rates and propagated by appropriate

statistical procedures. Analyses of stable zinc concentrations in sediments
were performed by atomic absorption spectrometry; 1.5g dry sediment was
digested with 5 ml of concentrated HNO,,, evaporated to near dryness and
finally diluted to known volume with dilute HCl.

rates of

After 5 days accumulation from radioactive sediment the loss
Zn from N. diversieolor were determined under laboratory and

field conditions. Radioactive worms were transferred to fresh sediments
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(either untreated or enriched in stable zinc added as ZnCl.) and were
65
periodically radioanalyzed. Figure 9 shows the percentage of Zn remaining
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Figure 9. Loss of Zn from Nereis diversicolor after transfer
to non-radioactive sediments in the sea and in the laboratory.
in each worm after transfer to either untreated or Zn-enriched nonradioactive sediments. In the first experiment (Fig. 9A and 9B) worms
having very low concentrations of Zn were held in individual plastic
cylinders partially filled with non-radioactive sediment. These cylinders,
having both ends screened with plastic mesh, were then partially submerged

in sediments contained in plastic basins resting on the sea floor at a
depth of 3m near the Musee Oceanographique, Unfortunately, the basin
containing untreated sediment (Fig. 9A) was lost in rough seas before the

termination of the experiment so that comparison of Zn loss rates from the
worms living in sediment containing different concentrations of stable Zn
could not be made.
Figure 9B illustrates the loss of Zn from 4 worms living in
the sea in sediment having a stable Zn concentration 5 times greater than
untreated sediment. The mean biological half-life (Tbj. ) for Zn in these
individuals was determined by fitting a least-squares line through all
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points from day 4 through day 16. The resulting TV was 21 days with
individual worms ranging from 17 to 25 days. The mean Tb* for two worms
held in the same Zn-enriched sediment in the laboratory (Fig. 9D) was
16 days (range 12-20) and two wonsss in untreated sediment in the laboratory
(Fig. 9C) had a mean Tb, of 12 days (range 12-12).
It was expected that the presence of excess stable Zn in the
sediment in the same physico-chemical form as the Zn accumulated by the
worms, would lower the Tb,. by increasing the rate of replacement of Zn
atoms in the worm with stable Zn atoms from the sediment. Although the
numbers of animals in each experiment are small and their individual Tb^s
varied widely, it appears that the loss rates of Zn from worms in Znenriched sediment were not faster than those from worms in untreated
sediment. This appears to be the case in both laboratory and field
conditions.
Two additional experiments were carried out in Monaco Harbour
to measure the rate of loss of very low concentrations of Zn from worms
in normal and Zn-enriched sediments (Figs. 9E, 9F). As in the previous
field experiment, the worms were kept in plastic cylinders partially
submerged in sediment and suspended at a depth of 3m below the surface of
the water. Because the introduction of these worms was delayed by
unfavourable weather conditions, they were exposed to radioactive sediments
for 28 days. Therefore, their Tb, s cannot be compared with those of
^
laboratory worms labelled for only 5 days in radioactive sediments. It is
of interest that also in this field experiment the increased levels of Zn
in the sediment had no apparent influence on the rate of Zn loss from the
worms.
Two experiments were performed to study the ability of N.
diversioolor to accumulate Zn from radioactive algal detritus. In the
first experiment Zn-spiked particles of the detritus ranging from 2 to
0.2mm in diameter were thoroughly mixed into non-radioactive sediment or
were permitted to settle through the water column to the sediment-water
interface. Worms exposed to these conditions for 5 days were rinsed well
and then radioanalyzed. Table 7 shows that the worms were able to ingest
5 to 10% of the radioactive detritus particles whether the particles were
on the sediment surface or mixed in the sediment. This is a much greater
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Table 7. Uptake of Zn from radioactive detritus by Nereis
diversicolor in five days. Detritus particles ranged from
approximately 0.2 - 2.0nun in diameter.

Percent of total Zn
in detritus taken up
by worm

Worm
Worm
Worm
Worm
Worm

1
2
3
4
5

Treatment of radioactive detritus

8.6
5.4
8.4
9.6
7.1

Thoroughly mixed with sediment

Permitted to settle through the
water column to the sediment-water
interface

Zn uptake than the 0.1 - 0.3% taken up from

Zn-spiked sediments .

These results indicate that N. diversiaolor possibly feeds on material on
the sediment-water interface and also ingests material buried in the sediment.
In a second experiment finely ground radioactive detritus
(particles < 0.2 mm) was thoroughly mixed into non-radioactive sediment.
Table 8 shows that the 3 worms in these systems for 5 days accumulated

Table 8.
Uptake of Zn from powdered radioactive detritus by
Nereis diversioolor in five days. All detritus particles were less
than 0.2mm in diameter and were thoroughly mixed with the sediment.

Percent of total Zn in detritus
taken up by worm
Worm 1
Worm 2
Worm 3

1.2
3.0

2.6

approximately one-third the percentage of

Zn from the fine particles as

from the larger particles buried in the sediment in the previous experiment.
The fact that the worms accumulated
Zn from fine detrital particles mixed
£C

with the sediment suggests that unselective ingestion of sediment
means by which they obtain nourishment.

is one

However, the worms possibly employ

some selectivity in their subsurface feeding for they accumulate
approximately 3 times greater percentage of
Zn from the larger particles
than from the fine particles mixed in the sediment.
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Loss of Zn from the 3 worms which had accumulated radioactivity from powdered detritus for 5 days was followed over a period of
several months (Fig. 10). For the loss period day 15 to day 103 the worms
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Figure 10. Loss of 65,
"JZn from Nereis divereiaolor after accumulation
from active detritus for 5 days and transfer to non-radioactive
sediment.
had a mean Tbj. of 39 days. Figure 10 (inset) shows the rate of loss from
each worm during the first 20 days of the loss phase. The least squares fit
of the points from day 4 through day 15 yields a mean biological half-life

(TW) of 19 days. This Tb, is only slightly longer than the TbjS of 14 to
"*
65 Zn from radioactive sediments for
17 days for worms which accumulated
6
5 days .

Worms were exposed for 5 days to Zn coprecipitated with Fe(OH)_
and settled onto the sediment-water interface or mixed with the sediment.
Table 9 shows that the 4 worms in the experimental systems with the radioactive precipitate on the surface of the sediment had average percentages
more than 5 times higher than the 3 worms exposed to sediment mixed with the
radioactive precipitate. This indicates that the worms accumulate inorganic
- 38 -

Table 9.

Uptake of Zn from Fe(OH)_ precipitate by Nereis
in five days

Percent of total Zn
in precipitate taken
up by worm
Worm 1
Worm 2
Worm 3

2.9
3.6

Worm 4

1.3
1.2

Worm 5
Worm 6
Worm 7

0.4
0.5
0.3

Treatment of radioactive
precipitate

Settled on sediment-water
interface

Thoroughly mixed with sediment

Zn associated with finely divided particles to a greater extent if the
particles are concentrated on the sediment surface than when the particles
are mixed throughout the sediment. These results suggest that simple
ingestion of subsurface radioactive sediments is a less effective route of
Zn transfer to the worm than by deposit feeding at the seditnent-water
interface.
The loss of Zn from 4 of these worms which accumulated radioactivity from Fe(OH), precipitates was followed for 42 days at which time
the individual worms still retained 11 to 26% of their initial body burden.
One worm, still alive after 79 days in the loss phase, had 10% of its
initial Zn activity. Figure 11 shows that the mean Tb, determined by
fitting a regression line through all points from loss period day 3 through
day 15 was 20 days. There is considerable variability in the initial
activities of

Zn in these worms and in the subsequent loss rates;

however, the mean Tb, is similar to the mean Tb,.s for worms which accumulated
65
*
*
Zn from detritus or from sediment.
Cadmium appears to be much less tightly bound to marine sediment
than zinc. For example, a lOg sample of sediment contacted 48 hours with
109
109
30 ml of
Cd-spiked sea water took up only 71% of the
Cd in the water
whereas Zn is almost quantitatively sorbed to sediments under similar
109
conditions. After the
Cd-spiked sediment sample was rinsed over a 24 hour
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Figure 11. Loss of Zn by Nereis diveraicolor after 5 days
accumulation from radioactive Fe(OH}_ precipitate and transfer
to non-radioactive sediment.
period vith four 30 ml volumes of fresh sea water and placed in the flowing
sea water system, it lost
Cd steadily throughout a Ul day loss period*
falling to 75? of its initial activity on day 18 and to ^3% on day Ul. This
is an average loss rate of about 1.5% per day.

In another experiment shown in Figures 12A and 12B, the loss of
109Cd from sediment and the concomitant uptake of 109 Cd by worms from the
same sediment in standard flowing sea water systems are shown. For the
first 6 days of the experiment the U systems consisted of radioactive
sediments without worms. During this period the individual 16 cm3 sediment
samples lost from 0 to 1% of their initial
Cd activities. On day 6 a
109

worm was introduced into each system and the rate of
Cd loss from the
systems (sediment plus worms) increased sharply to an average of 3.7? per

day through day 17. After day 17 the loss of 109Cd from the sediment-worm
system diminished to an average rate of 0.6% per day between day 20 and
day 56. One possible explanation for this change in rate of loss of
Cd
from the four radioactive sediment-worm systems is that approximately
1 AO
50$ of the
Cd sorbed to the sediments was loosely bound so that it was

lost at a faster rate than the other 50% of the
- 40 -

Cd which was more tightly
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Figure 12.
Loss of 109 Cd from radioactive sediment and concomitant uptake of ^09cd by Nereis diversicolor. Worms vere
introduced to the flowing searvater system after 6 days of
rinsing the 10°-Cd-spiked sediment.
bound. Regardless of the mechanism of 109Cd loss, it is clear from

Fig. 12A that a large fraction of Cd sorbed to bottom sediment will be
desorbed after a relatively short period of exposure to gently moving
sea water.
Cd from sediment is shown in Fig. 12B.
The uptake by worms of
Although the concentration of 109Cd in the sediments declined throughout
the experiment, the concentration of 109Cd in the worms increased
continuously. Rate of uptake was fastest in the first 3 weeks of exposure
109
then decreased and became erratic as the concentration of
Cd in the
109
sediment declined. After 5 days exposure the percentage of the initial
Cd
activity in the sediment that was taken up by each worm averaged O.OU?.
Under the same conditions, comparable experimental worms accumulated 5 times
109Cd appears
Therefore, although
this percentage of Zn in 5 days
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to be leached from sediment at a relatively rapid rate and must be at
least partly available to the worms in the dissolved state in the sea
water, it is not taken up to as large an extent as Zn which is sorbed
tightly to sediment particles.
Silver sorbed to sediments appears to be almost as tightly
bound as is Zn under the conditions used in this study. Figure 13A
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Figure 13.

Loss of

from sediments and uptake and loss of

in ffere-i.8 d-iversiaalor. A * loss from sediment, B » uptake
by wona during 20 day exposure to labelled sediment, C «• loss from
worms (B) in non-radioactive sediment.
that experimental chambers containing radioactive sediment and worms
flowing sea water lost an average of 8% of their initial
Ag in
65 6

20 days, which is only slightly faster than that of
- 42 -

Zn .

The uptake of
Ag from sediment by S. d-iversicolor is
similar to that of Zn. During the first 5 days of exposure the worms
accumulated an average of 0.13% of the total
Ag initially present in
3
the 16 cm of radioactive sediment (Fig. 13B). In the ensuing 15 days in
the spiked sediment, however, the worms' rate of
Ag uptake diminished
greatly.
The loss of
Ag from worms exposed to radioactive sediment
for 20 days then transferred to non-radioactive sediment is shown in

Figure 13C. The mean Tb, calculated from the least squares fit from day
3 through day 20 of loss was 9.6 days (range 9.6 - 9.7). It thus appears
that worms which accumulate
Ag from sediment during a 20 day exposure
lost it at a faster rate than Zn accumulated during a 5 day exposure.
2.

Radionuclide and trace metal cycling studies

2.1

Flux of cadmium through euphausiids
S.W. Fowler, G. Benayoun and B. Oregioni

Studies on the flux of cadmium through euphausiids were initiated
to assess the role an abundant zooplankter plays in cycling this element
through the marine ecosystem. The aim of the study was to define the
principal modes of accumulation and excretion of cadmium by zooplankton
and to integrate these values into a linear model describing the cadmium
budget.
The common Mediterranean euphausiid, Meganyctiphanes nowegica,
was used for all experiments. Collection and laboratory maintenance of
7 8
this species have been described elsewhere ' .
An experiment to assess the relative importance of food and water
as a pathway for cadmium accumulation was designed as follows. Several

similar-sized euphausiids were placed individually in 750 ml of cottonfiltered sea water containing 5.5 uCi/£. "carrier-free" 109 Cd (chloride form
in HC1). After the euphausiids had accumulated the isotope for several days,
they were periodically removed from the radioactive sea water, monitored
109
for radioactivity and replaced in fresh sea water labelled with
Cd for
further uptake. Each time the animals were monitored, a 10 ml aliquot of
the radioactive sea water was also counted for the purpose of calculating
concentration factors. In addition, at each counting time the euphausiids
were allowed to graze adult brine shrimp (Artemia) in clean se? ^ater for
- 43 -

approximately 1 hour to ensure good health during the accumulation period.
Another group of euphausiids was treated in exactly the same manner except
these individuals were allowed to graze ad libitum brine shrimp which
previously had accumulated 109Cd from sea water containing 5.5 yCi/i and
a dense suspension of phytoplankton cells. Hence, the only difference in
treatment was assumed to be the presence of radioactive food available to
the one group. For purposes of comparison* concentration factors based
on the 109Cd level in the sea water were also computed for the animals
receiving radioactive food.
Following a 29 day accumulation period the group receiving 109Cd
froa both food and water was assumed to be uniformly labelled. At this
tine individuals were purged of radioactive gut contents by grazing nonlabelled Artemia for 43 hours, and subsequently placed in clean sea water
with non-labelled Aytemia to measure rates of excretion of soluble cadmium
during a 3 month period.
Rough estimates of the assimilation efficiency for ingested
cadmium were determined by feeding several individuals one ration of radioactive Aytemia and subsequently monitoring the excretion from the animal
with time. Fecal pellets were also filtered from the water and counted
along with the animal. Two other groups of euphausiids were fed daily
rations of labelled Artemia for a period of 3 and 7 days, respectively, in
order to see if cadmium, repeatedly ingested, can accumulate in internal
tissues with time.
To discern how cadmium is partitioned among euphausiid tissues,
individuals accumulating 109Cd directly from water were periodically
dissected. Eyes, exoskeleton, visceral mass and muscle were monitored for
109Cd uptake throughout a 2 week period.
The model used to describe cadmium flux in M. nofVegica is based
on a simple linear model developed in our laboratory to delineate the flow
9
of sine through the same species . In brief, the model is generated from
the basic equation:
K

e ' ve+ *e

that is, cadmium taken up (K C) must equal cadmium released (X6) plus that
actually accumulated in or on tissues (n ). All terms are in Cd/unit
ueight of euphausiid/time.
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The M tens is equivalent to Q p , where Q « cadmium
^
o o
o
concentration in newly formed tissue, i.e. the cadmium concentration in
whole euphausiids and p = growth rate of non-larval individuals. The
o
elimination term, A , can be fractionated as

Xe - (Qf pf) + (^ Pffi> + (Qx Px) + (Qg pe)
The Q values, Q_, Q , Q and Q are the cadmium concentrations
t TO x
g
in feces, molts, eggs and whole animal tissue, respectively. The p terms,

p£» P and p are the respective rates of production of the particulate
products. The p term accounts for the excretion of dissolved, none
particulate cadmium from whole animals and is calculated as the fraction
of the animals' total cadmium concentration which is excreted per unit
time. The balancing term K is somewhat difficult to interpret because
cadmium can be accumulated from both food and water. However, if one
assumes as a first approximation that uptake is totally through the food
chain, the K breaks down into Q^Pjj where Q. » cadmium concentration in
ingested food and p. * ingestion rate. Comparing cadmium concentrations
in the natural food melange of M. noweg-lca with estimates of X + y
derived from measurements irrespective of the original source of cadmium
should give insight into the relative importance of food and water as a
potential source of cadmium to Af. nowegiaa.
The terms pfi p and px have been previously determined in
7-9®
laboratory experiments
. The excretion of soluble cadmium, p , is
e
109
determined by following
Cd loss from uniformly labelled euphausiids
until all labelled tissue pools of cadmium are virtually exhausted of
radioisotope. Analysis of the loss curve and subsequent summation of the
excretion rates from the various pools of cadmium give an estimate of
total soluble cadmium excretion. During the life span of M. nowegiaa
some of the p terms are discontinuous (e.g.p ), and all are non-linear.

Therefore, only "ecologically significant" segments of the adult life span
(segments representing most of the impact on cadmium flux, from biomass
estimates) are selected and linear approximations of these selected segments
are summed.
Stable cadmium concentrations per unit weight (Q terms) were
measured in samples of whole euphausiids, molts, natural fecal pellets and
eggs. Mixed microplankton samples, which serve as food for Af.
- 45 -

were collected at the same time as the euphausiids and also analysed for

stable cadmium. Molts and natural fecal pellets of M. norvegiea were
8,17

collected in the laboratory by methods previously described
, Whole
anJtaals used for analysis as well as those producing molts and fecal
pellets ranged in size fro® 20 to 50 mg dry weight. Eggs released by
feaales in filtered sea water were trapped OB coarse filter paper and
concentrated by means of a plastic probe. Dry weight of eggs was 10% of

wet weight. Stable cadmium analyses were performed by atomic absorption
spectroaetry using flameless techniques.
Results of the accumulation experiments with euphsusiids in
radioactive sea water and a radioactive food and water ssilisu are presented
in Figure 14. During the time interval of the experiment when comparisons
could be made, animals accumulated on the average more 109Cd froia the radio-

active food and water system than from sea water alone. Unfortunately, the
euphausiids in the radioactive sea water system died after 15 days; however,
those accumulating the isotope from the labelled food and water milieu
continued to take up 109Cd for 29 days, reaching a mean concentration factor
of 330. Even after a 1 month accumulation period the euphausiids had
apparently not reached an isotopic equilibrium with the 109Cd in sea water.

During the accumulation phase of both groups, euphausiid molts
retrieved between day 1 and 3 of uptake contained an average of 18% of the
accumulated isotope, whereas those cast after 5 to 7 days contained only 10%
of the animals* 109Cd content. Furthermore, second and third molts from
the same individuals contained decreasing percentages of the incorporated
109Cd; for example, an average of only 5% was lost with the third molt cast

between day 22 and 27 of uptake. Clearly, cadmito was continually
increasing in the internal tissues relative to that adsorbed to the exoskeleton surface.
109

Individuals in another group accumulating

Cd directly from

water, were dissected during & 15 day uptake period. The highaae concen-

tration factors were noted in the visceral mass followed by eyes, exoskeleton and muscle, respectively (Fig. 15). The fractions of 109Cd retained
in the different tissues after 15 days of accumulation are given in Table 10.
Almost one-half of the accumulated 109Cd was bound to tsuscie tissue, even

though the concentration factor was relatively low in this tissue(Fig.15).
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Table 10. Mean 109 Cd content in euphausiid tissue fractions as a
percent of total body burden after 15 days accuiaulation. Two anlnsls
were dissected.
Tissue

% total body

fraction

wet weight

Exoskeleton

Viscera
Muscle
Eyes
Haeaolynph

18.4
2.8
52.5
1.9
24.4

% total body

21.5
21.9
46.3
5.0
4.8

(determined by
difference)

Excretion of soluble cadsninm by M. nopvegioa was followed in
109Cd through both food and water for
three Individuals labelled with
29 days (Fig. 16). Although euphausiids had not reached isotopic
- 48 -
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Figure 16. Excretion of soluble *"
Cd by Meganyctiphanes
nowegiaa. Points represent mean of 3 euphausiids. Loss curve

has been treated as three "linear" compartments (1,2,3) each
with its own characteristic 109Cd loss rate. T ~ 13.5 + 0.5°C.
Euphausiid dry weight range = 18 - 34 mg.

equilibrium with 109Cd in the water after the 1 month uptake period,the
animals were considered to be sufficiently well labelled for the purpose
of obtaining first approximations of loss rates from the different tissue
"compartments" within the organism. Excretion was measured over a 96 day
109
period during which time 92% of the tissue bound
Cd was lost. The
109
resulting curve has been corrected for the small fraction of
Cd (1-2%)

lost with the first molts during excretion. Periodic analyses showed that
no measurable 109Cd was present in feces released during the excretion
experiment.
9

As in the case of zinc excretion it was possible to resolve the
109
cadmium loss curve into three major linear compartments, with a
Cd

removal rate of 52% in about 6 days (9.0%/day) from the first compartment,
1.1%/day from the compartment 2 and 0.1%/day from the third compartment.
It is possible that more than three "linear" compartments exist, but their

contribution to the total excretion rate would be extremely small and not
separable from the variation associated with linearizing a non-linear curve.
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If one assumes that 109Cd loss from veil-labelled euphausiids represents
loss of stable cadmium, the total loss rate of dissolved excreted cadmium
fron the organisms' cadmium pools at equilibrium is equal to the sum of the

excretion rates from each compartment, i.e.
p * p.. + P2 + P3 * 10.2% cadmium/day
To estimate the fraction of ingested cadmium
actually incorporated into tissue, several euphausiids
of radioactive Artemia that had previously accumulated
labelled phytoplankton for several days. Animals were

that might be
were fed one ration
109
Cd by grazing
placed in clean sea

water and fed non-radioactive Artemia for 16 days. During this time the
animals and their fecal pellets were monitored for 109Cd content. The
lower curve in Figure 17 represents 109Cd loss from these euphausiids. Rapid
excretion was noted over the first three days after which time (day 4-16)
109
the animals appeared to flux
Cd at a different, nearly exponential rate.
Cadmium-109 in fecal pellets collected during the first two days of loss

represented a considerable fraction (up to 17%) of that measured in the
animal at the time of counting. Moreover, during the first day about 80%
109
of the
Cd lost from the euphausiids could be accounted for by that
associated with the fecal pellets. After day 3 retrieved fecal pellets
contained practically no measurable 109Cd. This time corresponds roughly to
that portion of the curve in Figure 17, where a change in loss rate was

noted, hence, it is probable that loss from euphausiids after day 3 was due
to excretion of tissue incorporated isotope. If the slope of the exponential portion of this curve, fit by least squares, is extrapolated to time
zero, a value of approximately 10% is obtained which is believed to
represent that fraction of the ingested dose which was originally assimilated

into tissue.

The remaining two curves in Figure 17 demonstrate that repeated
ingestion of labelled food increases the tissue-bound fraction of the
euphausiids1 109Cd concentration. Hence, it appears that short labelling
times cannot be used to adequately describe kinetics of stable cadmium flux
using radioisotope techniques, since internal cadmium pools with relatively

slow exchange rates do not have sufficient time to equilibrate with the
radioisotope.
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Figure 17. Excretion of 109,
"~v: Cd by Meganyctiphanes norvegiaa after
receiving a single ration (®), 3 daily rations (o), and 7 daily
rations (A) of labelled Artetnia. Y axis intercept of extrapolated
exponential loss rate (fit by least squares) represents that
fraction of the originally ingested ^Cd assimilated into tissues.
T « 13.5 + 0.5°C. Mean euphausiid dry weight » 25 tag.
The stable cadmium content of M. norvegica, and its particulate
products and presumed food is presented in Table 11.
Results of the uptake studies show that cadmium can be accumulated
and concentrated in internal tissues by either the food or water route. It
is difficult to assess the relative importance of these two routes since
isotopic equilibrium was not achieved in either case. Nevertheless, it is
instructive to examine the degree to which euphausiids might concentrate
stable cadmium in their natural ecosystem. Measurements of cadmium in
10
Ligurian Sea sea water give an average value of approximately 0.1ug/£
From Table 11 a value of 0.15 ugGd/g wet euphausiid can be computed using a

wet/dry weight ratio of 4.7 for M. nowegiea. This means that adult
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Table 11.
Stable cadmium content (yg/g dry) of euphausiid
particulate products and euphausiid food
Product
Meganyotiphanes nozwegica
Whole animal
Molts
Faces
Eggs

ygCd/g dry weight

0.7
2.1
9.6
0,3

food

Microplankton
(mainly copepods
and phytoplankton)

2.1

euphaueiids can reach concentration factors of approximately 1500 under
natural conditions. Concentration factors computed from the water uptake
experiment, although only carried out for two weeks, were approximately
an order of magnitude less than this value, indicating that cadmium turnover from the water route is a relatively slow process. Most probably,
cadmium accumulation from ingested material plays a significant role in
achieving equilibrium concentration factors in nature as has been shown to
be the case for other transition metals in marine invertebrates
. For
this reason, as a first approximation, we have chosen to compare our
laboratory derived estimates of K with the cadmium available in the animals'
natural food.
7, 1 i

Presented in Table 12 are the data necessary to obtain the values
for the model calculation. An estimate of total cadmium elimination (A£)
under conditions of sufficient food available, & 12 hour grazing period,
and not during a period of egg deposition, can be calculated by summing the
partial fluxes of lines 1, 4 and 6 in Table 12; i.e. \& - 0.49 + 0.019 •*•
0.071 "0.58 vgCd released/g dry animal/day. If the mean growth rate of
M. noTVegiea is used (line 9), the amount of cadnlum accumulated in tissue
due to growth (p ) becomes 6.011 ugCd/g dry animal/day. Hence, the amount
of cadmium that must be ingested to balance elimination and accumulation
(K ) is 0.58 4- 0.011 » 0.591 ygCd/g dry animal/day. Using similar
- 52 -

Table 12,,;. Calculations oic partial fluzss (Qp) of csdsaiusa through the euphausiid, Meffanyetiphanss
9
nozv&gieez *m:dsr various ««jaditions , Description of tha calculation of fractional rstes 13 giifsa elsewhere.

Lias AsiiMt <Iry
wt (ag)

en
Co

Cd 'coacenr
tr-atiou
(pgCd/g. dry
material)

Fractional rstss
Particulata
Soluble
g/g dry aiding!/ day
dfiy-I

Partial fitrscc
(Qp)
(ygCd/g dry
aniual/day)

1

20-50

Qf - 9.6

P fl - 0.031

0.49

2

20-50

Q£ «• 9.6

p £2 - 0.038

0.36

3

20-50

Q£ - 9.6

p£3 - O.G18

0.17

4

10-30

Q^ m 2.1

p
- 0.009
m

0.019

5

10-50

0 - 0.3

6

18-34

Q

7

5-25

Qg . 0.7

8

5-25

9

5-25

Coadifcioaa

> 3.0 jag dry weight available
food; 12h/d gsmias
2.0 ag dry weight available
food; 12h/d grasiag
1.0 ssg dry wsight STailabl©
food; 12h/d grasing
^

0.071

applicable dsjiriisg egg-laying
period oaly
-

p , « 0.060
gl

0.042

masiimsa growth-rate

Qg * 0.7

p

2

» 0.030

0.021

highest growth-rate

Q . 0.7

p

3

» 0.015

0.011

jaeaa growth— rate

» 0.007

0.005

lowest growth-rate

&.

*p

X

- 0.002

0.0006
p

« 0.7

• 0.102
@

5-25

Qg - 0.7

p

* Rate £r©a Saall et at, revised using new value of dry weight/vet weight ratio for

9

9,12

€>

10

12

9

calculations, cadmium IngestloB needed to satisfy themasimua elimination
and accumulation of cadmium under the same conditions is Ke « 0.58 + 0.042
» 0.622 ygCd/g dry anii&al/day. Likewise, the minimum cadmium ingestion
requirement can be approached by summing lines 3,4,6 and 10, or 0.17 +

0.019 4- 0.071 + 0.005 * 0.265 ygCd/g dry animal/day. The latter rate
might be indicative of older, slower growing animals in waters with low
available food supply. As is evident from line 5 in Table 12, a contribution to total cadmium flux via non-viable eggs would be practically
negligible even during the period of egg deposition.
The results clearly show that fecal pellet deposition is by far
the roost significant mechanism involved in cadmium flux through this
zooplankter. By releasing fecal pellets, M. •nov9@gi.oa, has the potential
to reprocess the equivalent of its total body cadmium concentration every
1.4 days, i.e. (0.7 ugCd/g dry anisaal)/(0.49 ygCd/g dry animal/day), »
1.4 days). In addition, fecal pellets alone account for approximately 84%
of the total cadmium flux, nevertheless, this value is somewhat less than
3
the 93% reported for total sine flux via fecal pellets in the same species.
3
Small et at. have calculated the specific food ingestion rate
for M. norvegiaa feeding on Apt&mia under different conditions of food
availability. With ample food present (> 3.0 rag dry food available) the
rate is 0.32Q g food/g dry animal/12h day. When only 1.0 rag dry food is
available,, the ingestion rate drops to 0.113 g/g dry aniasal/12h day. These
rates are assumed to represent maximum and near-raiaisiuis values and hence
should serve as upper and lower limits for in situ ingestion rates. Dividing
either the calculated maximum cadmium ingestion rate (0.622 ugCd/g dry
animal/day) by the maxiiaum specific food ingestion rate, or the calculated
aiaiiaum cadmium ingestion rate (0.285 ygCd/g dry animal/day) by the nearminimum specific food ingestion rate, yields estisaates for the upper and
lover limits of cadmium concentration in the food necessary to balance the
flux equation. The calculated values were 1.9 and 2.3 vgCd/g dry weight of
food.

Mixed plankton samples, which serve as food for Af. norvegiea
were collected simultaneously with the euphausiids used for fecal pellet
collection. Large, presumably unacceptable organisms such as salps, pelagic
molluscs, large amphipods, etc. were removed from the samples. The remaining
sample consisted mainly of small copepods* chaetognaths, amphipods,
phytoplankton and sorae unidentifiable detritus all of which are known to make
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12

up the diet of M. noyvegica . Results of the analyses in Table 11 show
that the cadmium concentration in the mixed plankton averaged 2.1 vgCd/g
dry, a value which falls well within the range of the calculated values.
Certainly, values for cadmium in mixed plankton samples will vary,
reflecting both plankton composition and surrounding water mass characJ. 3*™* JL 3

teristics
. For this reason alone it is imperative to collect the
material serving as a food source at the same time and place as the
predator, so that fecal pellets will closely reflect the source of ingested
material. Only in this way can a reliable test of the model be made.
Inspection of the cadmium concentrations in food and resultant
fecal pellets (Table 11) shows that the cadmium concentration has been

magnified almost 5-fold by biological processes. This finding is>,in con16

«

trast to that of Booths and Knauer who found similar cadmium concentrations
in both food and feces of the crab, Pugettia producta.

However, these

authors did note magnified concentrations of As, Co, Cu, Fe, Pb, and Zn in
the fecal pellets of the same organism.

The fact that we were able to make a good balance of the cadmium
budget in M. norvegica using only cadmium available in ingested material
lends support to the hypothesis that the food pathway is of major
importance in the accumulation of cadmium by euphausiids. This approach
may well serve for other metals and for other significant members of the
marine ecosystem. If fecal pellets are found to be equally important in

cycling other pollutants, as is the case for cadmium and zinc in zooplankton,
then comparative studies on the biological transport of these substances
can be simplified to a large extent by concentrating on the dynamics of
fecal pellet deposition.
2.2

Elemental concentration of zooplankton and their particulate
products

S.W. Fowler and B. Oregioni
Since zooplankton fecal pellets and molts have been shown to be
2,9
major vectors in the vertical transport of zinc in the sea
, analyses

have been made for other trace metals in these particulate products.
Euphausiids and pelagic shrimp were collected live off the Monaco coast by
taking several short oblique tows with an Issacs-Kidd midwater trawl.

Animals were placed in clean sea water, sorted according to species and
immediately transported to the laboratory in plastic containers filled with
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filtered sea water taken at the collection site. Samples of microplankton, which serve as food for the raacroplankton, were also taken at the
same time. Any large plaaktoaic organisms such as salps and pteropods
etc., were removed from the samples prior to analysis, because they were
considered improbable foods for euphausiids.
8,17
Natural fecal pellets and molts were collected in the labatory
;
eggs were reisoved fro® gravid females by means of a plastic probe. All
samples were briefly rinsed in doubly distilled water to remove sea salts
and oven dried at 60*C. Attempts were made to avoid metal contamination
throughout all stages of collection and sample preparation. Analyses were
performed by atonic absorption speetrometry using flameless techniques.
When sufficient material was available» a sub-sample was analyzed by neutron
18
activation techniques in the laboratories of the Institute Rudjer
Boskovic, Zagreb, Yugoslavia.
The results of all analyses are presented in Table 13. Values
for whole Nematoscelis and molts, whole Pasiphaea and Sevgeetes molts, all
collected at a different time of year, were also included in Table 13 for
purposes of comparison. In general, elemental concentrations in whole
euphausiids and shrimp agreed well with those measured in similar species
15,19,20
by other investigators
. However, our values for Co, analyzed by
atomic absorption, were approximately an order of magnitude higher than
19
those in similar species measured by neutron activation . Similarly, high
Co values in plankton analyzed by atomic absorption have also been noted ;
hence, the possibility of interference due to matrix effects during the
atomic absorption analyses of crustacean tissue cannot be overlooked.

The most striking feature in Table 13 is that, in most cases,
molts and fecal pellet metal concentrations were several times higher than
concentrations in whole animals. Metal concentrations in fecal pellets
were significantly higher than whole body levels except for Sr and possibly
Se. Only in the case of Cu, Cs and Se were molt concentrations lower than
22
those in whole animals. Bertine and Goldberg analyzed several metals in
shrimp and found that only Zn and Ag were higher in dissected exoskeleton
than in internal tissues. When pelagic crustaceans molt, only the thin
outer layer of the exoskeleton is shed. If surface adsorption plays an
important role in the accumulation of many of these metals from water, as
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Table 13.
Ag

Elemental composition of pelagic crustaceans and their particulate products
Ug/g dry weight
*
*
*
*
*
Co Cr
Cu
Cd
Fe Mn
Ni Pb
Zn Ce
Cs
Eu
Sb
Sc

Se

*

Sr

*

MeganyGt-iphanes
norvegica
Whole euphausiid
Molts

0.62
0.74
0.72 2.12

3.9 0.5
40 5.6

Fecal pellets

9.10
9.58

71 105

48
64 4.2 17.4 1.9 62
35 232 11.7
77
55 146
226 24,400 243 82
310 950

0.21
1.2
200

0.062,, 0.0023 0.071 0.009 5.2 117
0.019 0.0077 0.80 0.03
2.0 350
6,0
0.660
71
2.8
6.6
78

NematGscel-is
megalops
^Whole euphausiid
2
*tolts
Eggs

4.9
13.4
2,
0.52
22
6.3

102
28

8.8

845 15.7
200 17.4

78
224
11.1
389

Pasiphaea sivado
*Whole shrimp
Eggs
Serges tes

1.28 1.0
4.3 0.1
2.
0.14
42

53
253

17
27

2.1
2.8 7.3

9.0

50
66

areticus
1.03

Whole shrimp
2
Molts

Fecal pellets

16.13.9
2

1.1
11.9
52

2.10 10.5 *9.8
NBS Orchard leaves 0.08 0.13 0.2 1.8
0.11 0.2 2.3
NBS values

Mixed plankton

*3.13

30

*5 5.8
283 19.1
145 6600 120
39
12
12

57 17.9
272
89 1.9
91 1.3
300

* Neutron activation analysis
1 Different animals from those which produced eggs
2 From animals collected at a different time

55
127
813
40
45

483
27
25

0.304 0.080 0.013 0,215

0.125 11.5

0.08

37

520

23

is the case for Zn , then It is reasonable to assume that molts will
contain higher metal concentrations than the entire exoskeleton. Where
valid comparisons can be made in Table 13, element concentrations in eggs
are greater than those in whole animals but can be greater or less than
19
concentrations in molts. Robertson et a>. noted that shrimp eggs contained
approximately 2 to 5 times higher Zn and Se levels than muscle of the same
species. In our samples, Nematoscelis eggs had approximately 5 times more
Zn than the whole euphausiid; however, the Zn concentration in Pasiphaea
eggs was only slightly higher than that in the whole animal.
Metal concentrations in plankton are known to vary widely in time
and space, thus the most realistic comparison between zooplankton particulate
products and the animals themselves can only be made with organisms from
the same collection. In our samples, only Meganyatiphanee produced both
molts and fecal pellets from the same group of animals used for whole body
analysis; hence, more detailed examination of the Meganyatiphcmes data is
possible. Molt/animal and feces/animal concentration ratios are listed in
Table 14. Meganyotiphan&s molt concentrations ranged from 0.3 to 29 times
that in whole animals, whereas fecal pellet/animal ratios spanned 3 orders
of magnitude.
9
In a recent study, Small et al. found that molts from Meganyctiphaneg averaged 7.72 of the animals' dry weight. Using this value and the
data in Table 13, rough estimates of the fraction of the animals' elemental
concentration contained in molts were computed (Table 15). It is evident
that for many metals molts contain a latje percentage of tke animals' entire
metal content. This is especially notable in the case of Co, Cr, Sb and
Ce. Most likely these metals are adsorbed to the exoskeleton and do not
concentrate to any great degree in Internal tissues. Previous tracer
studies with euphausiids have shown this to be especially true for Ce , Only
Cu, Cs and Se appear to be associated principally with Internal tissues.
Detailed dissection studies are needed to verify this possibility.
The excessively high Pb percentage in Table 15 poses a problem.
Interference due to matrix effects could well have resulted in an unnecessarily high lead concentration in molt tissues; however, even assuming a
large overestimate, the implication remains that much, if not all, of the
Pb in euphausiide is associated with the outer surface of the exoskeleton.
Nevertheless, the propagation of errors associated with weighing animals,
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Table 14.! Ratios of elemental concentration in particulate products to whole euphausiid
(Meganyctiphanes norvegica), Calculations based on ppm dry weight values.
Ratio
Ag
Molt/
animal, ,

Fecal pellet/
animal

Cd

Co

1.2 2.8 10
13

Cr Cu

Fe

Element
Hn Ni
Pb Zn

11 0.7 3.6 2.8 4.4

Ce

Cs

Eu

29 2.3 5.7 0.3 3.7

13 18 210 4.7 380 5.8 4.7 163

15 950

Sb

Sc

11 3,3

Se

Sr

0.4

3.0

97 287 1000 310

1.3

0.7

tn
CD

Table 15.
Approximate percentage of whole euphausiid's (Megcmyct-iphanes norvegioa) elemental
concentration contained in the animals' molt. Molt averages 7.7% of euphausiid dry weight .
Calculations based on ppm dry weight values.

Element
% in molt

Ag
9

Cd
22

Co
79

Cr
86

Cu
6

Fe Mn
28 21

Ni Pb
34 -220

Zn
18

Ce
44

Cs
2

Eu
26

Sb
87

Sc
26

Se
3

Sr
23

calculating molt weight percentages and metal analysis cannot be neglected
and all percentages given in Table 15 should be considered accordingly.

The natural diet of M, norvegica, an carnivore, is extremely
varied but consists primarily of phytoplankton, small zooplankton and
12
detritus . Previous stomach content and fecal pellet analyses of
Individuals collected off the Monaco coast have shown the presence of
large amounts of crustacean remains. Although it is difficult to precisely
define the nature of their diet at any given moment, it is reasonable to
assume that the microplankton assemblage associated with Meganyctiphanes
probably makes up the bulk of their diet. Comparisons of metal content in
euphausiid food and feces show euphausiids can concentrate metals in large
compact pellets (Table 16).

Fecal pellet/food ratios ranged over two orders of magnitude
with the greatest degree of concentration found for many elements which
are not known to be biologically essential. The high value for Fe could
reflect a large excess of ingested Fe over and above what is needed
metabolically by euphausiids. If much of the ingested Fe is particulate,
It might not be in a form that can be easily assimilated. Of all the metals
analyzed only Se and Sr were not concentrated in the feces. Perhaps these
metals are effectively absorbed across the gut wall and either concentrated
in internal tissues or eliminated by soluble excretion. Boothe and Knauer
also found Increased concentrations of Pb, Co, As, Zn, Cu and Fe in crab
feces relative to that in their food. Only Cr and Cd did not appear to be
concentrated in crab feces. In our study Cr and Cd were concentrated in
fecal pellets 4.5 and 11 times, respectively, over the amount in food.
The relatively high concentrations of so many metals in zooplankton particulate products hold important implications for marine
biogeochemical cycles. In general the highest metal concentrations relative
to whole body content were found in the fecal pellets. Since the production
rate of euphausiids feces (g/g animal/day) is higher than that for molts ,
fecal pellet deposition will be the most important mechanism for transporting metals to deeper waters. In addition , euphausiid fecal pellets
decompose more slowly than molts and hence, if not eaten, hold a greater
potential for reaching bottom sediments than molts. Recent calculations
have shown that Zn in fecal pellets represented over 80Z of the total Zn
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Table 16. Comparison of elemental concentration in fecal pellets of Meganyatiphanee
norvegica with that of mixed microplankton. Microplankton was assumed to serve as a
source of food for the euphausiid.

i
en
"*
i

Concentration
ratio
Fecal pellet/
mixed plankton

Ag

Cd

Co

Cr

Cu

Fe Mn

2.9

4.5

6,8 11 5,8 430

14

Ni

-

Pb

-

Zn

Ce

2 660

Cs

Eu

Sb

75 51 330

Sc

Se

22 0.6

Sr

0.15

2

transported to the sea floor by M, noyvegi-oa , Table 14 shows that many
metals are concentrated in feces to a higher degree than Zn, thus similar
high transport rates might be expected for these elements.
The results of molt analyses strongly support the contention that
crustacean molts play an important role in the transport of aetals and
radionuclides in marine ecosystems. Holts can release metals to the water
column or sediments upon decomposition, or serve as a rich source of metals
for organisms of other trophic levels which ingest them. Clearly, further
study on the fate and significance of both molts and fecal pellets in the
pelagic ecosystem is warranted.

2.3

Biologically transformed zinc and its subsequent availability
to marine biota
S.W. Fowler and M. Eeyraud

Recent studies on the different physico-chemical states of trace
metals in sea water have shown that zinc can exist in several different
2H,25
stable or meta-stable forms
. One of these forms which has been called
the "complexed" fraction appears to be relatively stable and can only be
broken down at low pH. In addition this fraction was found to resist
recombination with the ionic and "particulate" fraction, thus, it might
fora a sink with only limited availability to marine biota. If zinc or
other metals which exist in a complexed state are biologically derived, the
importance of marine biota as metal processors as well as accumulators
26
becomes evident. Different chemical forms of zinc excreted by zooplankton
as well as polarographically determined fractions of zinc released by
27
shrimp have recently been reported. We performed a series of experiments
to further define the mode of formation of the complexed zinc fraction
using radiotracers and to discern if this fraction, once formed by biological means, is available for accumulation by marine biota.
It has been shown that Chelex-100 is capable of quantitatively
28,29
removing zinc from natural sea water
, While this implies that bound
or complexed forms of zinc do have an affinity for this resin, it seemed
reasonable to assume that column affinities for freshly excreted products
from organisms containing zinc might be different from similar products
which have been subjected to oxidation/reduction reactions in sea water.
Chelex-100 resin (50-100 mesh, Na form) was first equilibrated for several
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hours in filtered sea water and then slurried into a plastic tube (12 mm in
diameter), blocked at one end by a small plug of glass wool, to a height
of 5cm. After the tube was filled, the upper end was similarly closed with
glass wool and the columns immediately used.
Unless otherwise specified all sea water solutions to be tested
were filtered through double layer 0.45p Millipore filters (as previously
explained in Section 1.1) followed by passage of a given volume through the
column at a speed of 1 ml/min by means of a graduated burette.
The used
resin was then poured into a plastic counting tube and the resin adhering
to the walls of the column was rinsed into the counting tube with small
amounts of 10% HC1. The eluate, collected in an identical tube was then
evaporated to dryness under an infrared lamp, after which the walls of
the tube were rinsed with a sufficient amount of HC1 to bring the volume
to the same level as that of the resin in the complementary tube. In this
way identical counting geometry was maintained in the two tubes. Tests
showed that amounts of Zn adsorbing to the walls of the burette were
small, thus activity in the resin and the eluate was considered to be 100%
of the radioactivity eluted.
Control solutions of ionic Zn were run with each series of
experiments to test the retention efficiency of the resin. Solutions were
prepared by adding known quantities of high specific activity Zn
(chloride form in HC1) to aliquots of the same sea water used for the test
organisms. Zn all cases 100% of the soluble Zn was retained by the resin.
To ensure that "breakthrough" of the resin would not be a problem with
varying stable zinc concentrations likely to be encountered in the test
solutions, a sea water sample containing Zn and 100 ug zinc/liter added
as carrier was eluted through a column. Again all the Zn was retained
on the resin indicating the lack of zinc breakthrough within the range of
zinc concentrations tested.
Techniques for radiotracer monitoring in the well-type NaZ(Tl)
crystal system were similar to those described in Section 1.1. Activities

were often low, necessitating long counting times. If the net count rate
did not exceed the 20 error calculated from both sample and background
count rates, the measurement was considered insignificant.

Several small shrimp (Lysmata seticaudata) and mussels (Mytilus
gallopvovincialis) were placed in a plastic basin containing 6 liters of
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aerated sea water and 300 uCi of Zn. After a one month labelling period
the shrimp were transferred to perforated plastic counting tubes and placed
in flowing sea water where they could be fed ad libitum during the excretion
phase. For each period of the loss phase considered (0-lst, 1-4th, 4-7th,
7-llth, ll-18th, 13-20th, 18-28thf 25~35th, 35-47th day) two shrimp were
removed from the flowing sea water at the appropriate time, placed
individually in 100 ml of 0.45y Milllpore filtered sea water and allowed to
excrete Zn for a predetermined number of days. If the Zn elimination
period lasted longer than 3 days the shrimp were given 3 or 4 adult brine
shrimp which were eaten within a few minutes. Following excretion the
shrimp were replaced in flowing sea water and the 100 ml sea water filtered
to collect the participate fraction of Zn. Any large particles such as
molts were removed from the water prior to filtration and were not considered
as part of the particulate Zn. The filtrate was then passed through the
resin bed as described above.
Controls were also prepared to assess the possibility that any
complexed form of Zn might be produced in the sea water by complexation
of ionic Zn with organic metabolites excreted by the shrimp. Three unlabelled shrimp were placed individually in three of four beakers containing
50 ml of the same filtered sea water used for the radioactive shrimp. No
animal was added to the fourth beaker. Twenty-four hours later the shrimp
were removed and approximately 35 nCi Zn was added to each of the four
beakers to give a Zn concentration roughly the same as that found in the
test sea water which contained the radioactive shrimp. After another
24 hour period the four solutions were filtered and the filtrate eluted
through resin columns.
The results are presented in Table 17. In almost all cases
during the 47 day loss study, small but significant amounts of Zn were
present in a form that was not retained by the resin. Controls that
utilized sea water conditioned with shrimp metabolites showed that all the
Zn was retained on the resin which can be interpreted to mean that, at
least during a 24 hour excretion period followed by 24 hours of Zn metabolite mixing, the complexed species which can go through the resin
column were not formed externally in the sea water. It is perhaps significant that during the period between day 7 and 11 in which no complexed
Zn was found, both the experimental shrimp molted, one several hours
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Table 17. Fractionalion of excreted 65Zn by shrimp
Excretion Period
Particulate
(days)
% of total
Zn excreted
and retained on 0.45u
filters

Filtrate
% of filtrate
% filtrate
on resin
in eluate

8
2
12
11

94
96
96
97

6
4
4
3

34
28

99
98

1
2

4

100
100

0
0

11 - 18

30

97

13 - 20
18 - 28

20
37

99
98

1
2

25 - 35

34
21

97
98

3
2

35 - 47

25

95

3
5

100
100
100

0-1
1-4
4-7
7-11

Control
0-1
(with shrimp)
0-1
(without shrimp)

0
0

100

Pafticulate Zn refers to the amount of the total Zn excreted into the
sea,water. Zinc-65 in the eluate and on the resin was computed as a
percentage of the &5zn in the filtrate. Individuals that died during
excretion are excluded.
*

Individuals that molted just prior to or during excretion phase.
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before being placed in the 100 ml sea water and the other 1 hour after
transfer. These shrimp become relatively Inactive during their molting
period and generally neither eat nor defecate, hence, It Is possible that
the excretion of labelled metabolic products was reduced during these four
days which would account for the lack of complexed Zn in the sea water.

Monitoring the Zn content in the two individuals excreting
radioisotope during the first 24 hours allowed the computation of excretion
rates of the different forms of Zn (Table 18). In this case large

Table 18.
Zn excretion rates for three forms of Zn. Also
shown are the percentages of the total zinc excreted accountable in
each fraction. Rates determined over the first 24 hours of loss.

65,Zn Fraction

Total
Particulate
Retained by Chelex
Not retained by
Chelex

Z of shrimp's 65Zn
concentration excreted
per day (24h)

I of total Zn
excreted per day (24h)

Shrimp 1

Shrimp 2

Shrimp 1

Shrimp 2

7.1
5.7
1.3

5.3
3.8
1.4

100
80.8
18.2

100
73.2

0.1

0.1

1.0

25.8

1.0

particles of fecal material were noted on the bottom of the beakers, therefore filtration through 0.45y filters was preceded by coarse pre-filtration
through a Schleicher and Schull blueband filter to trap the large bits of
detritus. Total particulate excretion was considered to be the sum of the
amounts retained on the two different filters and therefore these values are
not the same as those reported in Table 17. It is noteworthy that particulate
Zn accounted for the greatest fraction of the total Zn excreted. Since
these shrimp had Just recently been removed from the radioactive labelling
basin, it is likely that Zn labelled food was still present in the gut.
Thus, although not tested, particulate excretion from these two individuals
was probably much higher than that from the animals used during subsequent
loss periods.
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Two experiments were designed to assess the production of
different forms of zinc by organic detritus represented in this case by
dead shrimp. Two shrimp, which had been in a basin containing Zn-spiked
sea water and food for 50 days, were killed and placed in 1 liter of
cotton-filtered sea water. The flask was stoppered with cotton and placed
in a dark cabinet where the carcasses were allowed to decompose for 15 days
at ambient temperature. Following decomposition the sea water was filtered
through coarse filter paper to remove non-decomposed fragments. During
subsequent months 50 ml aliquots of the filtrate were taken, filtered
through 0.45y filters and the resulting filtrate eluted through a resin bed
as in the previous experiment.
The second experiment differed from the first in the following

manner. Two shrimp of similar size, which had not been previously labelled
with Zn, were placed in 1 liter of sea water and allowed to decompose
exactly as the other two animals. After 15 days the remains were removed
by coarse filtration and 1 yCi of Zn was added to the filtrate to bring
the radioisotope concentration to approximately the same level as that in
the water of the other treatment. Periodically 50 ml aliquots were withdrawn and treated as outlined above.
Table 19 shows the Zn transformation which took place over a
period of several months. The relatively large fraction of Zn associated
with particulate matter was undoubtedly due to the presence of bacteria.
In both systems there was a steady decrease with time in the amount of
complexed
Zn. This might have been due to the utilization of labelled

organic substrates by bacteria with a subsequent release of Zn in an active
form that was trapped on the resin. Nevertheless, for a relatively long
period of time there existed a complexed form of Zn either released by
decaying labelled organic material or formed in situ in the presence of
decomposition products. The complexed
Zn did not appear stable but was
slowly transformed to an ionic form possibly through bacterial action.
We next designed an experiment to test the biological availability
of the excreted zinc forms. Several shrimp and mussels were placed in a
basin containing 5 liters of constantly aerated sea water with Zn at a
concentration of 10 uCi/£. The basin was allowed to stand for a period of
5 months. The salinity was maintained constant by periodic additions of

double-distilled water. Artemia were frequently added to serve as food for
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Table 19. Zinc-65 transformations in waters conditioned by the
presence of dead shrimp
65

non-labelled shrlnp

Zn labelled shrimp
Filtrate

Time
X Total 65Zn
on 0.45y
(day.)
filter

% 65Zn on % 65Zn in
Chelex
eluate

1
5
13

79

43

57

21
28

66

47

53

103
118
161
168
218

Control

100

lost

<1

Filtrate

% Total 65Zn
on 0.45y
filter

65

Zn on X 65Zn

Chelex

in
eluate

95
88
34

26
32
80

74
68
20

17*

70

30

14*
lost

98
94

2
6

54

96

4

100

0

0

100

100

* Samples pre-filtered with coarse filter paper

the shrimp. Otherwise the system remained untouched. Although very few
animals died during the 5 months, some molts and weakened animals were
also consumed by the shrimp. Following the conditioning period organisms
were removed and the water filtered through 0.22p membrane filters to
remove all particulate matter as well as most bacteria. For a control,
five liters of fresh sea water with the same salinity were also filtered
through 0.22y filters and a sufficient amount of Zn added so that the
radioisotope concentration was the same as that in the conditioned sea
water. Aliquots of the control and conditioned sea water were filtered
through 0.22y filters and eluted over the resin bed. The different
65
fractions of Zn are listed in Table 20.
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Table 20. Fractions of
uptake experiments
Sea water
rater
sample

Preconditioned
SW
Control SW

% total Zn
retained on
0.22y filter

1.3

<1.0

Zn In sea water used for biological
Filtrate
%

Zn on chelex

%

Zn in eluate

95.6 + 0.9

4.4 + 0.1

100

0

Three shrimp and three mussels contained in perforated plastic
tubes were placed in each of the two sea waters held at 14*C and allowed
to accumulate Zn for two weeks. During this time the animals were
periodically monitored live for Zn and replaced in the appropriate basin
for further uptake. At no time were the animals fed. Figure 18 shows
that in both species Zn uptake was significantly reduced in water
containing the naturally completed Zn. The relatively large degree of
uptake suppression (63% in shrimp and 25% in mussels) might not be accounted
for solely by the percentage (4.4%) of presumably unavailable complexed
Zn present. It is evident that some factor, not immediately apparent,
also aided in reducing zinc accumulation from the conditioned sea water.
This may be due to the ability of ohelex-100 to also remove certain of the
more weakly complexes forms (either directly excreted or formed rapidly
in situ) which might be lees efficiently taken up by mussels and shrimp.

Another similar experiment with mussels was subsequently performed
and identical resultn were obtained. Whole body concentration factors were
again reduced by about 25% in those individuals maintained in sea water
containing about 4% non-chelatable complexed Zn. Following uptake the
mussels were dissected into shell, soft parts and byssal thread. The
results in Table 21 indicate that Zn accumulation by the shell is virtually
unaffected by the different forms of radiozinc, whereas the discrimination
between the forms occurs in the soft parts and especially the highly
metabolically active byssus. More detailed dissections are needed to better
pinpoint tissues involved in the observed discrimination in accumulation of
different zinc species.
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Shrimp
Mussel

Controi S.W.

1000-

Conditioned &W. * ?.hrlmp
' Mussel

4

6

8

10

12

TIME (Days)
Figure 18, Uptake of Zn by shrimp and mussels in sea water
containing different forms of radiozinc. Concentration factors
presented are means of three individuals; bars indicate range
of values. See text and Table 20 for explanation of sea water
treatment.
____________
Table 21. Comparison of Mytilus whole body concentration factors (CF)
with those in the individual tissues after *>5Zn uptake in two
different sea waters. Three mussels in each sea water. CF •
wet tissue (animal) * *>!>Zn/g sea Water. Uptake period was 13 days.

Sea water

Whole body

Mean CF
Shell
Soft parts

Byssus

Control
(no complexed
65
Zn)

200

140

433

17629

Conditioned
(4Z naturally
complexed

152

156

291

3820

% reduction of
65
Zn uptake in
conditioned sea

33%

24%

water
- 70 -

78%

RADIOCHEMISTRY

SINCE 1970, THE RADIOCHEMISTRY SECTION HAS CONDUCTED AN
INTERCALIBRATION PROGRAMME IN THE MEASUREMENT OF FISSION PRODUCTS AND
ACTIVATION PRODUCTS IN MARINE SAMPLES. WITH ONE EXCEPTION, THE
LABELLED MATERIAL HAS BEEN COLLECTED FROM GEOGRAPHICAL AREAS WHERE
RADIOACTIVITY WAS PRESENT AS A RESULT OF RELEASES FROM NUCLEAR
OPERATING FACILITIES; OPEN OCEAN SEA WATER HAS ALSO BEEN USED AS AN
INTERCALIBRATION SAMPLE TO ENSURE THE COMPARABILITY OF MEASUREMENTS ON
FALLOUT LEVELS OF SELECTED RADIONUCLIDES. THE TYPES OF SAMPLES USED
DUPLICATE THOSE ENCOUNTERED IN MONITORING AND RESEARCH PROGRAMMES;
THE FACT THAT THEY HAVE BEEN LABELLED UNDER NATURAL RATHER THAN
LABORATORY CONDITIONS IS IMPORTANT; RADIOCHEMICAL TECHNIQUES WHICH GIVE
ACCEPTABLE RESULTS WITH THE INTERCALIBRATION SAMPLES CAN BE APPLIED WITH
CONFIDENCE TO OTHER NATURALLY LABELLED SAMPLES.
DISPARATIES STILL EXIST IN THE MEASUREMENT OF IMPORTANT RADIONUCLIDES. NON-DESTRUCTIVE INSTRUMENTAL ANALYSES, WHILE AVOIDING SOME
UNCERTAINTIES INHERENT IN RADIOCHEMICAL DETERMINATIONS, ARE NOT INFALLIBLE.
THE PARTICIPATING INSTITUTIONS HAVE CONFIRMED THE USEFULNESS OF THIS
SERVICE AND THE TABULATED DATA GIVE SOME INDICATION OF THE CURRENT STATUS
OF COMPARABILITY IN MARINE RADIOACTIVITY MEASUREMENTS.
THE ANALYTICAL DETERMINATION OF RADIONUCLIDES IN SEA WATER
DEPENDS UPON THERE PHYSICO-CHEMICAL FORMS.

STUDIES ARE CONTINUING WHICH

DEAL WITH THE IDENTIFICATION OF THESE DIFFERENT FORMS.

IN ADDITION, THE

TECHNIQUES DEVELOPED FOR STUDYING TRACE METAL BEHAVIOUR AT FRESH WATER/

SALINE WATER INTERFACES RELATING TO SORPT10N/DESORPTION REACTIONS ON
SEDIMENTS HAVE BEEN EXTENDED TO THE STUDY OF PLUTONIUM AND AMERICIUM.
THE PLUTONIUM EXPERIMENTS WERE PERFORMED USING A SPECIALLY PREPARED ISOTOPE,
237
PU, WHICH DECAYS BY ELECTRON CAPTURE THEREBY GREATLY FACILITATING THE
RADIOCHEMICAL MEASUREMENTS. THE RESULTS OF THESE STUDIES AND RECENT DATA
FROM THE INTERCALIBRATION PROGRAMME ARE PRESENTED IN THIS SECTION.
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3«Q

Intercalibration programme; Progress and results to date

3.1

Progress and results to date
*
R. Fukai, C.N. Murray, S. Ballestra, G. Statham, K. Asari

During 1970-1971, two sea water samples of differing radioactivity
content were dispatched to 51 institutes in 27 countries. Forty-four
30,31
institutes reported their analyses
. The results indicated that large
discrepancies occurred in the determination of the fission product radio95
nuc]
nuclides
Zr-Nb, 106Ru and 144Ce. While the results for 90Sr, 134Cs and
137,Cs were less widely scattered, the maximum and minimum values differed
by large factors.

Since the distribution of these two sea water samples, seven
additional starting materials have been collected. A seaweed sample
(AG-I-1) and sediment sample (SD-B-1) have been distributed; the results
are discussed below. Large volume sea water samples (60 I) containing
fallout levels of radionuclides have been distributed to participating
institutions (SW-A-1). A fourth sea water sample (SW-I-3) containing
monitoring levels of fission product radioactivity is currently being tested
for homogeneity as are samples of clams (MA-B-1), nudibranchs (MA-B-2) and
sediments (SD-B-2). The last two samples contain activation products at
monitoring levels which will compliment the earlier fission product
measurements.
Tables 22-26 contain a tabulation of the re ults obtained for
seaweed and sediment measurements. Overall averages are given along with
maximum and minimum values. Probable concentrations of selected radionuclides were estimated as follows: For the seaweed sample Chauvenet's
criterion was applied to reject outlying data; the values remaining within
Chauvenet's range were then averaged. A second estimate was made by
averaging the values which occurred within the higher frequency ranges.
For seaweed, both methods gave similar averages, although the standard
deviations derived using the Chauvenet ranges are slightly larger. In the
case of sediments, an additional statistical test, Dixon's criterion, was
used to reject outlying data, calculation of the average from the remaining
data gave results comparable to those obtained by the other two techniques.

* Trainee from the Japanese Analytical Chemistry Research Institute,
Tokyo, Japan.
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Average values and ranges of the reported values for the seaweed saaple AG-I-1

Table 22.
Radicnuclide

40

K

6

°Co

65

Zn

No. of Reported
results

22

20

9

Max. value
(pCi/g)

79.2

11

25

11.3

0.4

0.1

90

95Er-Nb

106_Ru

24

23

36

15.6

50

4800

110

°Ag

134

Cs

137

Cs

»*ce

12

31

41

29

13.1

715

5047

206

Kin. value
(pGi/g)

Average
(pCi/g)
(mean)

3.1
4.3
+ 2.6
± 3-* +0.6
(8%) (19%) (60%)
42.2

* The value represents

Cs 4-

Cs

2.4
9,6

0.347

28

6.0
287
t °*5 + 2.5 + 131
(5%) (42%) (46%)

1.1
2.6
+ 1.0
(38%)

6

31.6*

7.9

34

213

30

+ 24

(71%)

± 136
(64%)

± 8
(27%)

Table 23. Probable concentrations estimated for potassium-40,
strontium-90, ruthenium-106, cesium-134, cesium-137 and cerium-144
in AG-I-1 by applying Chauvenet's criterion
40

Radionuclide

K

No. of Reported
Results

22

Chauvenet' s
Range
(pCi/g)

21

Average in
Chauvenet's range

Ru

24

134

Cs

36

137

144

Cs

31

Ce

41

c(mean)
The range of the
highest frequency
(pCi/g)

35-40

No. of values in
high frequency ranges

14

Average in
high frequency ranges; 34.6
(pCi/g)

29

70-200 5.9-14.3 62.2-87.4 5.8-28.4

17

32

28

32

40
10.0
135
10.1
+ 3
+ 0.1
+5
+0.3
+1
(7.5%) (1.0%)
(3.7%) (3.0%)
(1.3%)

8>

o (mean)

106

Sr

9-72 8.7-11.3

No. of values in
Chauvenet's range

(p

90

9-10

141-160

9-10

26

75
+0.9
(5.3%)

71-80 14-16

18

22

23

33

17

10.0

144

10.0

75

17.0

3

+ 0.2

+

(2.0%)

(1.3%)

1 1-2

+ 0.2

t

(3.5%)

(2.0%)

(2.1%)
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1

17

+

0.5

(2.9%)

Table 24. Probable concentrations estimated for cobalt-60, zinc-65,
zirconium-niobium-95 and silver-HOm in AC-1-1 by applying
Chauvenet's criterion
Radionuclide

60

No. of Reported
Results

9

Chauvenet's Range
1.5-2.3
(PCi/g)

Average in
Chauvenet's range
(pCi/g)

a (mean)

*Ag

23

0 -.3.7
8

13

110

Zr-Hb

Zn

20

No. of values in
Chauvenet's range

95

65

Co

1.7
+ 0.4
t °'1
(5.3%) (24%)
1.9

12

0 - 6.1

1.1 - 2.0

16

10

2.9
+ 0.4
(14%)

1.5
t 0.1
(6.7%)

Table 25. Overall average values and ranges of the reported values
for the major radionuclides in the sediment sample SD-B-1
Radionaclides

90

Sr

No. of Reported
Results

23

Max. value (pCi/g)

Min. value (pCi/g)
Overall average
(pCi/g)

a
(mean)

106

R«

134

Ce

137

Ce

144

Ce

36

29

39

34

24.1

734

16

726

279

1.83

0.0667

4.6

0.399

0.122

13.8
87
+ 0.9 + 19
(6.5%) (22%)

9.9
356
+ 0.5
+ 17
(5.0%) (4.8%)

126
t 9
(7.1%)

o (%, mean)
for sea water sample
SW-I-1

t 8'9Z +39%

+ 19%

+ 13%

+ 38%

for sea water sample
SW-I-2

+ 4.8%

+11%

+ 6.4%

+ 4.0%

+ 28%

for seaweed sample
AG-I-1

+ 5.0%

+46%

+ 71%

+ 64%

+ 27%
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Table 26. Probable radionuclide concentrations (on 1 January 1973)
estimated for strontium-90, ruthenium-106, cesium-134, cesium-137
and cerium-144 in SD-B-1 by various methods
144
900
106D
134
137
Ce
Cs
CS
Radionuclide
Sr
Ru
No. of Reported
Results

Chauvenet's range
(pCi/g)
No. of results in
Chauvenet's range

Average in Chauvenet's
range (pCi/g)
a (mean)

No. of results retained
after applying Dixon's
criterion

Average after rejection
of data by Dixon's
criterion (pCi/g)
a (mean)

Higher frequency
ranges chosen
(pCi/g)

23
11.9-18.1
18

36

29

0-132 6.2-13.0
34
66
+ 4

(9.3%)

(6.1%)

9.6
+ 0.3
(3.1%)

35

29

69
+5
(7.2%)

9.9
+ 0.5
(5.0%)

13.9
+0.7
(5.0%)

12.1-18.0 50-100

218-504

24

15.0
±1.4

21

39

36

34
67-187
29

127
361
+ 10 + 5
(2.8%) (3.9%)

37

356
+ 11
(3.1%)

7.1-12.0 321-480

33

122
+ 7
(5.7%)

76-180

No. of results in
higher frequency
ranges

18

22

22

29

28

Average in higher
frequency ranges
(pCi/g)

15.0

73

9.6

377

129

+ 0.3

+2

+0.2

+6

+ 4

(2.0%)

(2.7%)

(2.1%)

(1.6%)

(3.1%)

a (mean)
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The comparison of sediment data with those of seaweed are
especially warranted since the majority of the measurements in both samples
were carried out by direct Y-spectronetry using Ge(Li) detectors. Although
the scatter of the individual data for sedineat eeaauresaents is still large,
especially for
Ru, the narrower cSsndard deviatioas of the data for
Y-aaitters In sediment compared to those obtained for seaweed indicate an
improvement. The rsdionuclida cotipositica of the sediment was simpler than
that for seaweed which nay account, in pert, for the ioprovesasnt. Better
calibration techniques war® undoubtedly eaployad.

It is Instructive to compare the average values obtained for
certain radioauclides with the technique employed for their measurement.
Table 27 shows such a comparison in the case of
Ru,
Cs and
Ce.

Table 27. Average values of the results obtained by different
methods of measurement for sediment
Method used

106
No. of
results
pCi/g

137
Ho. of us
results pCi/g

144
No. of
results pCi/g

Ge(LJL)
Y-spectrotaetry

21

94 + 33(35%)

24

359 + 26 ( 7%)

22

124+11 ( 9%)

Hal(Tl)
Y-spectroiaetry

8

68 + 6( 9%)

10

365 + 6( 2%)

3

135+24 (18Z)

Radiochemical
methods

7

88 + 13(15%)

5

323 + 31 (1U)

5

119+ 6 ( 5Z)

Each technique appears to have its drawback for at least one of
the radionuclides listed. The disparity in the Ge(Li) measurement of
Ru
undoubtedly arise from standards used and/or procedures of instrument
calibration. The Nal (Tl) y-spectrometry determination of 144Ce becomes
difficult when several isotopes are present in the sample necessitating large
coapton scattering corrections. The average value for
Cs measured by
radiochenlcal techniques is lower than those determined instrumentally, even
though both 134Cs and 137Co are determined together, generally by beta
counting. The lower values msy be due to Insufficient leaching of the
sediment sample or inaccurate yield determination.
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The following general observations can be made from the
intercalibration measurements made to date:
1) The concept of the "significant figures" of reported results
in relation to their estimated errors is completely disregarded by many investigators. This indicates a lack of
critical review of the accuracy of the measurement.

2) Instructions regarding the drying of samples prior to
analysis and to report results for a specific reference data
are oftentimes ignored.
3) Measurements for the important radionuclides Sr and
Cs
are generally good; there continue to be a few results

which deviate widely from the average.
4) Non-destructive y-ray spectrometry does not always give
precise results for certain radionuclides. Instrument
calibration and standards used are most probably responsible.
5) Radiochemical methods compete favourably with instrumental
analyses when proper procedures are employed for the analysis.

Plutonium-238, 239 '240Pu and other transuranic isotopes may
become important in the future from the standpoint of hazard assessment for
the disposal of radioactive wastes from long-term operations of nuclear
facilities. Analytical techniques for the measurement of these elements in
environmental samples constitute challenging problems in radiocheraical
analysis. For these reasons, an intercalibration exercise was instituted in
1971 specifically for the measurement of transuranic elements. Laboratories
experienced in these analyses were invited to participate and two sea water
samples, one seaweed sample and one sediment sample were distributed for
this purpose. A summary of the reported results for sea water and seaweed
are given in Table 28. Maximum and minimum reported values are given as is
the value of their ratio. Results from one laboratory were discarded due
to suspected contamination during analysis. Chauvenet's criterion was
applied to reject outlying data; only a few results lay outside the

significant ranges. Sufficient information was not available to correlate
the quality of the result with the radiochemical methods used.
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Table 28. Statistical analysis of results of plutonium
measurements for SW-I-1, SW-I-2 and AG-I-1 samples
SW-I-1
SW-I-2
AG-I-1
238-Pu
239.,
238_Pu
Sample
239
238
239
Pu
Pu
Pu
Pu
No. of

results
reported

8

Max. value
pCi/kg
2x10

12

11

9
11.6xlO~4

Kin. value
9
pCi/kg
0.6x10"' 5.4x10~2

9
5.1x10

15

7
34x10

1
6.97xl03

2.2x10~2

9x10
"2

2.3

3.8

17

38.0x10-

2.7x10 19.7xl03

Max.-to-

min.ratio 3.3

2.1

2.6

1.5

No. of
results 4
excluded
Average
pCi/kg

,-2

0.82x10 * 8.7x10 *

3.5x10 * 22x10

3.8x10'

o (mean) +0.07xlO~
~2 +0.5xlO~
~2 +0.4xlO""
""2 +2xlO~
~2 +O.lxl0
(8.0Z)
(5.8Z)
(11Z)
(9.1Z)
(2.6Z)

27.0x10-

+ 0.5x10
(1.82)

* Results excluded on the basis of Chauvenet's criterion

The results obtained from the sediment sample analyses are shown
in Table 29. The overall agreement (with the exception of two laboratories)
is good. Preparation of the sample to recover plutonium was either by
total dissolution of the sediment by fusion or by treatment with aqua regia.
Leaching techniques do appear capable of giving adequate results when
chemical equilibration between the yield determinant (236Pu) and the
plutonium in the sample is ensured.
With one exception, all the procedures reported by participating
laboratories used iron hydroxide to co-precipitate the plutonium isotopes
following acid treatment of the sediment; purification was accompanied by
anion exchange chromatography and the plutonium isotopes ultimately
- 80 -

Table 29.
Statistical analysis of results of plutonium
measurements for SD-B-1

Radionuclide
No. of Results
reported

238

Pu

239,240pu

15

18

Max. value (pCi/g)

0.060

2
.
0
5

Min. value (pCi/g)

0.027

0
.
0
6

No. of Results excluded
by Chauvenet's criterion
Average in Chauvenet's
range (pCi/g)
a (mean)

No. of Results excluded
by Dixon's criterion
Average after rejection
by Dixon's criterion
(pCi/g)
a (mean)

0

2

0.043
+ 0.003
(7.1%)

0
.
9
6
+ 0.03
(3.1%)

0

3

0.043

0
.
9
8
+ 0.03
"(3.1%)

+ 0.003
"(7.1%)

electrodeposited onto stainless steel planchettes for measurement by alpha
spectrometry techniques. Despite the generally good agreement of the
reported results, certain problems were encountered. The seaweed sample
was found to contain more plutonium than was initially assumed. This level
of activity raises the possibility of contamination of the surface barrier
detectors as well as cross contamination of lower activity level samples.
O *>£
The yield determination based on added
Pu were subject to greater error
236
239 240
due to the grossly different activity levels of the
Pu and
' Pu in
236
the samples. In addition, certain calibrated
Pu standards may contain
238
238
Pu which would compromise the determination of
Pu in the sample
itself. Thorium-230 and its daughter products must be removed during
> •"""
238
chemical processing to permit the accurate measurement of
Pu. Finally,
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certain laboratories experienced difficulty in measuring low levels of
A oO
Pu due to contamination of the surface barrier detectors by
An,
which apparently occurs during testing of the detectors by the manufacturers.
Intercalibrations for plutoniura measurement will be repeated, with
the additional request for participating laboratories to report values for
241
Am and other transuranic radionuclides.

4.0

Radiocheaical separations

4.1

Strontium-90 in sea water

R. Fukai, G. Statham, K. Asari
One conventional method for 90Sr determinations in environmental
samples uses fuming nitric acid for the separation of strontium from large
32
amounts of calcium . This procedure is complicated and time consuming and
becomes particularly cumbersome where large numbers of samples are to be
analyzed and/or when the size of the sample is large (for example 60ft of
sea water). A more rapid method involving solvent extraction of 90Y (the
90
daughter product of
Sr) using di-2-ethylhexyl phosphoric acid (HDEHP) and
the tertiary amine methyltricapryl ammonium chloride (Aliquat 336) has been
shown to produce satisfactory results in the measurement of small volumes
of sea water measured in the intercalibration programme. The application
of this rapid method to large volumes of sea water has been successful.
Samples can be counted within 2-3 hours after the start of the analysis,
thereby eliminating the 90Y ingrowth period of 15 days normally required in
the conventional procedure. Recoveries of 70-80% can be obtained as
compared to 40-60% using the conventional method.
The procedure adopted for large volume sea water samples is as
follows:
1) 30kg of sea water is adjusted to pH 1 - 1.5 with concentrated
HCl. Fifteen milligrams of yttrium carrier is added, mixed
well and the solution equilibrated for 24 hours.

2) The sample is then extracted, by vigorous stirring, with
250 ml of HDEHP solution (0.45 M in n-neptane) for 2 minutes.
After phase separation, the aqueous phase is discarded and
the organic phase is washed 5 times each for 1 minute with
100 ml of 0.5 M HCl. All aqueous washes are discarded.
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3) Yttrium is stripped from the organic phase 5 times each for
1 minute with 50 ml of 9M HC1 and the aqueous solution
drained into a clean 500 ml separatory funnel. Two hundred
and fifty ml of aliquat 336 (30% v/v in toluene) is added
and the solution extracted by shaking for 2 minutes.
4) The aqueous phase is then drained into a 1000 ml beaker and
concentrated NH.OH is added to precipitate Y(OH) . The
solution is heated to boiling, then allowed to cool and

finally filtered through fine filter paper. The precipitate
is washed several times with a dilute solution of NH.OH. The
precipitate is then dissolved from the filter paper with 6M
HC1 and a second Y(OH-) precipitation performed by the
addition of concentrated NH.OH. The resulting mixture is
again boiled, allowed to cool and again filtered through a
fine filter paper.
5) This second filter is dried and mounted for 3 counting.
Following repeated countings to verify the radiochemical
purity of the 90Y, the precipitate is ignited in a crucible
at 800°C to constant weight and the yield is determined by
weighing the resultant Y_0_.
Seaweed samples have also been analyzed by the above procedure
with the modification of adding yttrium carrier to the dried sample, igniting
the resulting mixture in a muffle furnace and dissolving the resulting ash
in concentrated HNO-. Following the adjustment of the pH 1-1.5, the
remaining steps are those described above. Table 30 lists the results
Table 30. Comparison of 90 Sr analyses by rapid and conventional
methods. * Errors represent propagated errors at la.
RAPID METHOD

Sample size

Seaweed AG-I-1

Sea water SW-I-2
Atlantic water

90
Sr found

CONVENTIONAL METHOD '

Sample size

90
Sr found

lOg

10.3+0.7 pCi/g*

lOg

10.2+0.2 pCi/g*

1£

56.0 j- 0.6 pCi/kg

5fc

53.6+0.3 pCi/kg

20*

0.11 + 0.05pCi/kg

50s,

0.11 + 0.05pCi/kg

obtained on samples analyzed in the intercalibration programme by the
conventional method. The results indicate reasonable agreement.
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5.0

Trace element studies

5.1

Anodic stripping voltammetry
R. Fukai and L. Huynh-Ngoc

The technique of anodic stripping voltammetry (ASV) for the

measurement of certain trace metals in sea water has distinct advantages
over other current analytical techniques. Measurements can be made directly
on small volumes of sea water (25-50 ml) without chemical pretreatment or
preconcentratlon of the elements of interest. Analysis time is not
necessarily short but quantitative measurements can be made by adding known
amounts of the element of interest (standard addition technique) and
speciation of trace metals can be studied.
The system presently in use in our laboratory was obtained from
the National Sanitation Foundation (Ann Arbor, Michigan), and includes a
plating and stripping unit, operational amplifier and amplifier stabilizer
(all from Heath Company). Samples are introduced into specially fabricated
quartz cells which have the following electrodes:
1) Counter electrode: a platinum wire in a O.IK KC1 filled
glass tubing (Ingol No. Pt-805-M5-NS).

2) Reference electrode: An Ag/AgCl electrode in saturated
KC1 solution (Ingol No. 375-M5-NS).
3) Working electrode: Graphite rod (Fisher No. 4-676-10)
impregnated and then coated with wax except for the tip, the
latter portion of which has been polished to form an electrode
surface. Prior to use, a thin film of Hg is deposited on this
electrode surface by holding the potential of the electrode
above 0.15 volts in a dilute acid solution.

Preparation of the working electrode is especially Important in
order that the system functions correctly, since the shape of the anodic
peak current recorded is dependent upon the quality of the electrode. The
mercury plated graphite electrode in ASV has the advantage over that of the
hanging drop mercury electrode in its higher sensitivity and resolutions,
although its poorer reproducitrility, due perhaps to the formation of intermetallic compounds in the mercury layer or at the Interface between mercury
and graphite, requires more care in maintenance and operation.
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To optimize the operational conditions of the system, several
parameters such as duration of electrolysis, effects of stirring and
degassing, effects of scanning speed on peak current intensity or on current
potential were systematically examined. The following operational procedure
was adopted: 50 ml of millipore filtered (0.45p) sea water is introduced
into the quartz cell, deoxygenated by bubbling high purity nitrogen through

the water for minutes and the sea water electrolyzed at a constant cathodic
potential of - 1.25 volts. The solution is agitated with a magnetic stirrer
and by bubbling of the high purity nitrogen gas. At exactly 600 seconds
from the beginning of the electrolysis, the electric current is reversed
and the solution is left standing for 30 seconds to ensure the equilibration
of electrochemical processes between the electrode surface and the solution.
The voltage is then scanned between - 1.30 and 0 volts at a sweep of
0.2 volts/minute; the resulting voltammogram is recorded on a strip chart
recorder. pH is monitored during the entire procedure to ensure that only
minor changes occur. The procedure is then repeated following the addition
of 0.1 ug of the metal of interest (Zn, Cd, Cu, Pb) to quantitate the
measurement. When the pH of the sea water is changed, the calibration must
be performed at each pH.
An example of the voltammogram obtained in the analysis of
Mediterranean sea water is given in Figure 19. By repeated measurements,

8.0

7.0
6.0
5.0
4.0
3.0
2.0

• Zn

1.0
-1-3 Potential (Volt)

-0

-1-3 Potential (Volt)

-0

Figure 19.
Voltammograms obtained for the measurement of zinc,
cadmium, lead and copper on Mediterranean sea water (1) and on
the same water where 0.1 pg each of the metals was added (2).
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the sensitivity of the analyses for the conditions described has been
estimated and are shown in Table 31.

Table 31. Operational sensitivity for the measurement of Zn, Cd, Cu
and Pb in sea water by ASV with a mercury plated graphite electrode

Element

Chemical
form
(added)

Peak
Potential
(V)

Sensitivity
(uA/yg. sT )

Detection Limit

Zn

Z«+2

-1.050

1.2

0.17

Cd

Cd+2

-0.615

0.75

0.13

Cu

Cu+2

-0.205

0.65

0.28

Pb

Pb+2

-0.435

0.97

0.16

In the cases where measurements are taken with the graphite
electrode, the peak current is proportional to the product of the concentration of the ions to be measured and the scan rate of the potential.
When a hanging mercury drop electrode is used, peak current is proportional
to the product of the concentration and the square root of the potential
scan rate. For this reason a relatively slow rate of voltage scan gives a
favourable signal to noise ratio and allows the voltaamogram to be recorded
by a strip chart recorder with sufficient resolution. The faster scan rate
does not allow ions such as copper, which are difficult to oxidize, to be
easily stripped from the amalgam thus, some fraction of the plated ions are
left behind during the scanning. This may result in an increase in peak
current when the plating and stripping cycles are repeatedly carried out on
the same sample. Tor this reason, selection of the optimum scan rate is
especially important when making practical applications of the graphite
electrode for multielement determinations.
Calibration of the system using the Hg-graphite electrode can be
difficult. Calibration at different pH values has already been mentioned.

For some elements, peak currents are not directly proportional to concentrations over certain ranges. In Figure 20 the peak heights of Zn, Cd, Pb
and Cu • measured at pH 8 are plotted against concentration. The curves for
Zn and Cu exhibit a maximum between 10 and 15 iig/l. These maxima may result
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250-0

200-0
<c

100-0

£

IOO
20-0
CONCENTRATION OF Zn, Cd, Pb OR Cu
Figure 20.

300

Variations of the current peak height with the changes

of the concentrations of zinc, cadmium, lead and copper.

from changes in the ionic species present; colloidal and non- labile species
may form at higher concentrations. These observations suggest that the
standard addition technique is only valid for these two elements where total

concentrations are less than 10yg/£..
Anodic stripping voltammetry is also being applied to studies
on the chemical speciation of Zn, Cd, Cu and Pb in both saline and fresh

water. Figure 21 shows the changes which occur in the measured concentrations of these metals in both media as a function of changes in pH.

Increases in the amounts of each element at lower pH values indicate the
dissociation of some complexed forms to labile species. This technique is
presently being applied to systematic studies on the variations in the

speciation of these elements with different localities and time of sampling
in the Mediterranean Sea and Var River Estuary.
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Figure 21. Changes of concentrations of the labile species of
zinc, cadmium, lead and copper with the changes of the pH of
sample waters. (A) Var River water; (B) Mediterranean sea water.
5.2

Zinc in the Var River Estuary
R. Fukai, C.N. Murray, L. Huynh-Ngoc

In order to investigate the behaviour of zinc in estuarine
conditions, zinc determinations in the estuary of the Var River were
conducted from late 1971 through 1972.
The Var River Estuary exhibits
simplified conditions of fresh water-sea water interaction, when compared
with those of other areas, due to the fact that there are no significant

tides, low annual precipitation and no other major input of fresh water
in this area. These conditions are considered favourable for understanding the in situ behaviour of certain trace metals.
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The collections of water samples were made on an approximate
monthly basis, at a fixed station, situated 2 km from the river mouth in
the estuary. The depth of this station is approximately 150m. Vertical

casts were made with a 30 liter Niskin bottle. On return to the laboratory,
chlorinity, sediment load and zinc were measured in all the water samples
collected. The determinations of zinc were performed on Millipore filtered
samples (0.45um pore size) by the extraction of zinc with dithizone at pH 7
and subsequent colorimetric spectrophotometry. In addition to the measurements of directly extractable zinc, the total zinc content of sample waters
was estimated by applying the same extraction procedure to the samples after
the decomposition of inorganic and organic complexes with persulfate. Thus
the difference between total zinc and extractable zinc represents the
"complexed" fraction of zinc occurring in sea water samples.
The variations with time of integrated averages of chlorinity for
the water column (0-150m) "extractable zinc" and "complexed zinc" are given
in Figure 22. In addition, surface chlorinity is given to show the
variation of flushing of fresh water from the river.
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Figure 22. Variations of chlorinity and zinc (extractable and
complexed) with time in the Var River Estuary. The zinc concentrations are expressed in terms of integrated average concentrations for the water column (0-150m).
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Although the Integrated average chlorinity of the water column
does not change significantly in the course of time, Integrated average
concentrations of either extractable sine or "complex zinc" increase
markedly with flushing of river water, mainly due to snow-melting in the
summer season. Since the observed concentrations of extractable zinc and
"complexed zinc" at the mouth of the river varied between 2 and 14 pg/A
respectively in this season, the increase of both forms of zinc in the
estuary cannot be attributed merely to the mixing of the fresh water and
sea water. Extractable zinc, which is considered to consist principally
as divalent ions, may increase due to desorption in situ of the ionic
species from silty suspensions carried by the river in large amounts,
especially in the snow-melting season. Since laboratory experiments on
zinc complexed with certain organic compounds showed desorption tendencies
similar to those of ionic zinc, the increase of "complexed zinc" during
the snow-melting period may also be attributable to the same process. The
higher concentrations of "complexed zinc" in the river water over those of
"extractable" zinc during this period reflected the higher increase of
"complex zinc" in the sea. Nevertheless, the different trends of increase
for extractable and "complexed" zinc noted during March and April, which
should result from flushing in March prior to the snow-melting, may
represent different mechanisms involved in the variations for these two
forms of zinc.
6.0

Tracer studies using 237 Pu

6.1

Plutonium-237 as a tracer in plutonium biogeochemical experiments
R. Fukai

Laboratory experiments using alpha-emitting radlonuclides of
plutonium (236Pu, 238Pu,239»240Pu) suffer two distinct disadvantages:
health safety requirements limit the quantities which can be used at any
one time and radiochemical separations are both demanding and time consuming. However* one isotope of plutonium, 237Pu, obviates these
difficulties. The isotope decays by electron capture (991); alpha particle
237
emission being less than 0.002%. The characteristic X-rays of
Np which
237
result from the decay of the parent
Pu are of reasonably high energy
(* 100 keV) and can be measured with Nal(Tl) scintillation crystals with
good efficiency. The fluoraaence yield is > 95% and internal conversion of
- 90 -

the neptunium X-ray is not large. The isotope decays with a half life of

approximately 45- days which allows reasonable time for experimentation.
At the special request of the Monaco Laboratory, the Institute
of Physical and Chemical Research, Wako-shi, Japan undertook the production
of several microcuries of 237 Pu; chemical isolation and purification of
the irradiated target was done at the Japanese Atomic Energy Research
Institute, Tokai-mura, Japan . Of several possible production reactions
237
237
237
237
237
which can be used to make
Pu [ Np (d,2n)
Pu;
Np (p,n)
Pu;
U (a,2n)

Pu and

U (y,2n)

Pu], the production was made by the

reaction:
238.. ,3H
. , 237D
U ( He, 4n)
Pu
The excitation curve for this reaction compares favourably with

the other reactions cited and has the added advantage of the ready
availability of pure target material. The thick target yield of the above
237
3
Pu/yA.hr using 37 MeV He, which

reaction was estimated at 0.05-0.1 uCi
235
237

exceeds that of the
U(Y,2n)
Pu reaction by a factor of about 1.5.
oo£
The overall alpha impurities due to side reactions ( *
Pu) was estimated
to be » 1%.

Details of the production will soon be published in the open

literature by the Japanese Institute.
Figures 23 and 24 show typical spectra of

237
Pu as measured by a

Nal(Tl) scintillation well crystal and a Ge(Li) detector, respectively.

In

the case of the Nal(Tl) detector, the major peak occurs at 100 keV and is
composed of the K _ (97 keV), K . (100 keV), K on (114 keV) and K00 (117 keV)
Ot^

(XJ.

7^7

transitions in the de-excitation of
shown in the Ge(Li) spectra.

*

**

Np; these transitions are clearly

Transitions at 33 keV and 60 keV can also be

seen in the Ge(Li) spectra, but the abundances are not large.

The 33 keV

X-ray is not shown in the Nal(Tl) spectra; the lower energy portion of the
spectra was electronically surpressed to reduce background.
237

Both the

spectra and the measured half life of the
Pu indicated satisfactory radiochemical purity for measurements made by gamma ray spectrometry. The isotope
clearly has great utility for institutions engaged in the research dealing
with the environmental behaviour of plutonium.

* The Monaco Laboratory staff wishes to express its thanks to Prof. K. Kimura
of the Japan Analytical Chemistry Research Institute who organized the
production of the Pu-237 and to Dr. T. Nozaki of the Institute of Physical

and Chemical Research for his efforts in arranging the irradiation.
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6.2

Distribution coefficient of Plutonium between sediment
and sea vater

E.R. Duursma and P. Pars!
33
Previous determinations of the distribution coefficient of
plutonium on marine sediments indicated that plutonium was bound to sediments
to a degree intermediate between that of Sr and
Cs, i.e. having a
2
3
237
distribution coefficient between 10 and 10 . Using
Pu as a tracer* we
conducted a series of experiments to determine the distribution coefficient
of plutonium onto sediments both under oxic and anoxic conditions where the
plutonium was added to sea water in three different valence states; III, IV
and VI. The chemical form of the plutonium was adjusted as follows:
a) Pu (III): An aliquot of stock

237
Pu solution (likely to be

in Pu-IV in 0.1N HC1) was evaporated to dryness with 2 ml of
NH2OH:HC1 solution (50 mg NH2OH:HCl/2ml H20) and the residue
was taken up in 3 ml of 1.5N RC1.
237

b) Pu (IV): An aliquot of the
Pu stock solution was
evaporated to dryness with 2 ml of 16N HNO. in which solid

sodium nitrite was dissolved and the residue was taken up
in 3 ml of 1.5H HC1.
237
c) Pu (VI): An aliquot of the
Pu stock solution was
evaporated to dryness with 2 ml of concentrated HC10, and the
residue was taken up in 3 ml of 1.511 HC1.

Two methods were used to determine the distribution coefficient
of the various plutonium valence states onto sediments. These methods
3«»
have been described in detail elsewhere . Briefly, in the water column
method, aliquots of sediment were allowed to sink each day through a column
237
of sea water, the decrease in the activity of the
Pu in the water column
was measured and the sorption by the sediment calculated. In the thin
layer method, a thin layer of lOmg of sediment, supported on a millipore
filter, was placed in an active sea water media and the increase of the
plutonium on the sediment was measured each day.
The measured distribution coefficients of the different plutonium
valence states for a local Mediterranean sediment are presented in Table 32,
along with the sorption "half-time" values obtained by the thin layer method.

- 94 -

Table 32.

Plutonium-237 sorption by Mediterranean sediment

Oxic conditions
pH - 7.8-8.0

Sedimentation
Valence K

R

III

1.6x10^

IV

1.8x10

VI

1.3x10

Anoxic conditions
pH = 7.8-8.0

Thin Layer
K

10% 2.1x10

K

R

30% 3

9% 1.9xKC 50% 1
1.5x10 31% 1
11% 5.7x10

Sedimentation Thin Layer

9% 4

1.9x10

2.5% -

-

-

1.3xl04 8.0% >9.4xlO* 39% 2.4
(>9.3xlO
35% 1.3t)

2.2x10

-tt

9.0%

K « distribution coefficient; R «• % reduction in water/day without
sediment;
im
R glasswall adsorption after three weeks; T, =* half uptake time to
apparent equilibrium in days.

t « Paper filters rather than millipore filters used as blanks; paper
filters strongly adsorbed Pu (IV) and reduced sediment uptake,
therefore K is probably low.
tt - Precipitation of Pu on the blank millipore filters with the thinlayer experiments decreased from 50% for Pu (III) to 12% for Pu (VI)
and 3% for Pu (VI)

All three valence states showed comparatively large distribution co4
efficients, i.e. 10 . These values exceed those previously measured for
Sr and
, 144.
and
Ce.

Cs, but are smaller than those evidenced for

Ru,

Zr-Nb

For both oxic and anoxic conditions, the distribution coefficients
appear similar for all three plutonium valence states. It was not possible

to determine whether reduction of Pu (VI) occurred in the reducing anoxic
experiment. Plutonium in sea water containing no sediment generally showed
a loss of plutonium from the sea water to the vessel walls.

This decrease

ranged between 8-10% per day; Pu (III) under anoxic conditions showed a
slower rate loss of some 2.5% per day. Thin layer experiments containing
only blank millipore filters showed an accumulation of 3% for Pu (IV), 12%

for Pu (VI) and 50% for (Pu III) when compared to similar filters supporting
lOmg of sediment for the same length of time. The budget calculations for
the thin layer method indicated that for Pu (III) and Pu (IV) losses to the
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glasswall, either by adsorption or precipitation are between 30-50% over
& three week period. By contrast , Pu (VI) losses amounted to only 9%.
Half, -time values measured by the thin layer method ranged
between 1-4 days. Rapid uptake of nuelides by sediments suggest that some
form of active reactioa is occurring in the system (e.g.
Cs T, «•
0.7 —4- 0.4 days) . Precipitation reactions are normally slower (e«g.59 Fe 1-,
18 + 6.5 days). Thus,, Pu (IV), T, »» 1 day say be actively reacting with
~

•¥

the gediiaent matrix? Fa (III) and Pu (VI) may be partly precipitating in
addition to participating iss active reactions with the sediment.
6. 3

Msprptioa...jattgl^d eso^rpjtion of jplutoniua ..._aad_ amer icima in fresh
gatcr-8e_diaeiB£ and sea water _- sediiBent jgyjggemg
R. Fukai and O.K. Murray

Adsorption and desorptioa processes have been proposed as a
regulating mechanism in the cycling of trace metals and, vide infra, of
35-38
radionuclides in estuaries
. Using the technique which has been
36
developed for the study of selected trace metals in this regard , we
extended our measurements to include laboratory experiments using 237Pu and
241 .
Ass.
Since it ±e kmown that plutonium III, IV and VI as well as
americiwa III tend to hydrolyse at higb. pH» it is necessary to determine
how these entities are distributed between soluble and particulete fractions
in sea water before attempting sorption-dasorptioa experiments. To
determine this partitioning, Var River water and Mediterranean sea water
were prepared by filtering each water type through O.ly or O.ASp Millipore
2&1
filters. Tracer quantities of
Pu (III,,IV,VI) and
Am (III) were added
to 100 ml of filtered water in 100 sal dark brown bottles. The pH of the
resulting solution was adjusted to 8 by addition of either 0.2IS HC1 or
0.2N HaOH; the bottles wsre then shaken mechanically for 24 hours. Figure 25
indicates that the time required to reach equilibrium in the particulate
formation was indeed 24 hours , yet shaking was continued up to 4 days in
order to ensure equilibrium. After 4 days, 5.0 ml samples were separately
filtered through a series of Millipore membrane filters of 1.2, 0.45, 0.22
and O.I micron pore sise. The filters were then counted to find the proportion of activity retained, & correction being made for the adsorption of
the isotope by the filter. This was always less than 1% of the total activity of the sample. There appear to be differences between the cases
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Figure 25.
Equilibrium time for particulate formation and
adsorption on sediments of Pu (IV) in Var River water (pH « 8)
and its desorption from sediments in the sea water medium.
where the original river water or sea water was filtered through O.lOu or
0.45vi filters. Particulate formation may be dependent on the occurrence
of substances which pass through the filters.

To determine the variation of particle formation as a function
e\ »\ rj

O/1

of changes in pH,
Pu (III, IV, VI) and
Am (III) were added to millipore filtered (O.ASp) Var River water and sea water and the pH varied
between 2.5 and 11.0. Figures 26 and 27 indicate that even in the pH range
below 4, there is a fraction of the plutonium associated with particles
larger than 0.45y in size. For river water at pH 4, some 25, 20 and 30% of
237
the added
Pu were associated with particulate for the III, IV and VI

valence states, respectively. As the pH was increased, the particulate
fraction increased. Although the general shape of the curves for the
particulate formation are similar for both fresh water and sea water, the
curves for Pu (III, VI) are displaced toward higher pH in the case of sea
water. Thus, the plateau for the curve of Pu (III) occurs between pH 6.5
and 9 for sea water, but between 5.5 and 8.0 for fresh water. For sea
water, only 35% of the hexavalent plutonium is in particulate form at pH 8;
for fresh water the value approaches 60%. The lower particulate formation
for Pu (VI) in sea water may indicate the formation of soluble carbonate
39
and bicarbonate complexes
. It is also worthwhile to note the different
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Figure 27. Particulate formation of Pu (III, IV, VI) and Am (III)
in sea water as a function of changes In pH.
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shapes of the pH-dependency curves on the particulate formation for the

three plutonium valence states, since these differences might be related
to specific colloidal properties of the particles formed.
The pK versus particulate formation curve of 241Am (III) in
river water is similar to that of Pu (IV), although Am (III) seems slightly
more pH sensitive. Moreover, the curves for Am (III) in both fresh and
saline waters are similar. More than 95% of Am (III) in both media is

associated with particles larger than Q.45p above pH 8.
Equilibrium times for studying the sorptlon and desorption
characteristics of both plutonium and americium were determined by tech36
niques deveoped in the laboratory for similar studies on trace elements
T\l
241

Briefly,
Pu (IV) and
Am (III) were added to 100 ml of Var River
water containing 1 g of Var River sediment; the mixture was contacted by
shaking for time periods up to 96 hours. Desorption was measured by
suspending the radioactive sediments from the absorption experiments in
237
100 ml of sea water collected near Monaco. The y-counting of
Pu and
241Am was made on pipetted portions of the mixture and the millipore
filtered (0.45um) water phase as well as the filter for both adsorption and
desorption experiments. Figure 25 shows that for Pu (IV) sorption and
desorption reached equilibrium in about 48 hours. The initial stage of the
adsorption was rapid; 50% adsorption was reached within 10 hours. While
less pronounced, the attainment of equilibrium for desorption was also
relatively rapid, even though the percentage of the plutonium desorbed was
low.

Figure 28 shows similar particle formation, sorption and desorption as a function of time for 241Am (III). Both sorption and desorption
241

of

Am (III) reached equilibrium conditions near 180 hours. Since the

experimentally measured adsorption includes adsorption of ions, complexes
and particles to the surface of the sediments as well as particles not

attached to the sediments (due to filtration) it is difficult to explain
why the measured adsorption rate is slower than the measured particle
formation. The results obtained for Pu (IV) under the same experimental

design are easier to interpret since particulate plutonium attached to
sediments or present as Pu colloidal particles would be measured as
"adsorbed" under the experimental procedures employed.
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Figure 28. Equilibrium time for particulate formation and adsorption on sediments of Am (III) in Var River water (pH = 8) and its
desorption from sediments in the sea water medium.

One possible explanation is that the sorption-desorption process
for both elements differ in their pH dependency. As shown in Figure 29,
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Figure 29. Adsorption of Pu (III) and Am (III) on sediments in
Var River water at different pH values.
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Pu (III) and Am (III) display markedly different adsorption characteristics
at different pH values. Even at pH 3, > 90% of the Pu (III) was adsorbed
to the sediment; only small changes were observed over the pH range 3-11.
By contrast, the adsorption of Am (III) changes sharply between pH 6.5 - 8.5.
Thus, this pronounced pH dependency may account for the differences observed
in the rate of particle formation and adsorption shown for Am (III) in
Figure 28. A slight change in the pH of the experimental system would have
retarded adsorption.
From Figures 25 and 28 it is evident that at a pH near 8, the
percentages of Pu (IV) and Am (III) which are desorbed at equilibrium are
not large. However, as with adsorption, there does seem to be & pH
dependency for the desorption process which is different for the two elements,

even though the original valence of both elements was initially the same.
Figure 30 shows that the desorption of plutonium from sediments originally
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Figure 30. Desorption of Pu (III) and Am (III) from sediments
in the sea water medium at different pH levels.
labelled with Pu (III) does not change significantly over the pH range 4-10.
By contrast, the desorption of aaaericium appears more sensitive to pH
changes. At the normal pH of sea water, i.e. near 8, between 5-10% of
plutonium and asaerieium originally adsorbed in the (III) state would be
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desorbed from fresh water aedimeats irs contact with aea water! at pH 7,
however, the americium desorption could double, while the adsorbed
piutonium would remain reasonably constant.

Finally, a series of sorption~desorption experiments were
performed to determine what effect sewage components could have on the

behaviour of Pu (III) and Am (III) adsorbed to fresh water sediments with
subsequent leaching by sea water. Fresh water containing sewage was
collected from an effluent line near Monaco. Each water sample was filtered
through 0.45y millipore filters; the water was oxygenated for 24 hours and
subsequently stored under refrigeration at 4°C. The organic carbon content
(determined as glucose) was 13.4 mg/& and the phosphate concentration was
3.3 mg/£,. Dilutions of the stock solution were made with filtered Var River
water to make mixtures of 5S 25, 50 and 75 v/v percent solutions of the
effluent. Undiluted sewage effluent and untreated Var River water bracketed
both ends of this concentration range. The sorption experiments were
performed as previously described; Ig Var River sediment was added to 100 ol
237
of sewage effluent mixture; finally
Pu (III) was added and the mixture
contacted for 96 hours. Desorption was determined by suspending the
labelled sediments in clean filtered sea water.
Figure 31 shows a plot of

percentage of Pu (III) adsorbed
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Figure 31. Effects of sewage organic matter on the adsorptiondesorption processes of Pu (III).
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as a function of the volume percent of sewage present in the water at the

time of labelling. The adsorption at pK 8.1 increases with increasing
concentrations of effluent; in the absence of effluent, the adsorption
was about 85% while at 100% v/v percent effluent the adsorption increased to
more than 95%. When contacted with untreated sea water, approximately 5%
of the adsorbed Pu (III) was desorbed. This was increased to 12% using
sediments that had been labelled in the presence of 5 v/v percent effluent.
No further increased desorption was evident from sediments labelled in the

presence of higher effluent concentration waters.
The results seem to indicate an effect of sewage effluent on
the sorption-desorption processes which occur, but it is not possible to
attribute the effect to complexation of the Pu (III) with organic or
inorganic ligands or to complicated surface phenomena at the sedimentwater interface. Further studies will be required to elucidate the

mechanisms involved.
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RADIOSEDIMENTOLOGY
THE WORK OF THE SEDIMENTOLOGY SECTION DURING 1973 DEALT
MAINLY IN THREE AREAS:

THE INTERACTION BETWEEN RADIONUCLIDES AND

TRACE ELEMENTS WITH SEDIMENTS;

STUDIES ON THE INTERACTIONS OF

CHLORINE WITH ORGANIC MATTER IN SEA WATER; AND PRELIMINARY WORK IN
THE MEASUREMENT OF CHLORINATED HYDROCARBONS IN MARINE SAMPLES.

THE

LAST TWO AREAS OF INVESTIGATION WERE UNDERTAKEN AS NEW PROGRAMME
COMPONENTS, THE LATTER TOPIC BEING RELATED TO FUTURE WORK UNDER AN

EXPANDED LABORATORY PROGRAMME.

THERE CONTINUES TO BE A NEED FOR

INFORMATION CONCERNING THE BINDING OF RADIONUCLIDES TO SEDIMENT AND
THE ENVIRONMENTAL PARAMETERS WHICH EFFECT THEIR REMOBILIZATION.

THE

USE OF CHLORINE AS A BIOCIDE IN THE COOLING WATER OF POWER PLANTS
POSES INTERESTING ENVIRONMENTAL PROBLEMS RELATING TO ITS CHEMICAL
REACTIONS WITH SEA WATER ITSELF AND WITH THE NATURAL/ARTIFICIAL

DISSOLVED ORGANIC MATTER IN SEA WATER.

THE RESULTS OF THESE STUDIES

ARE PRESENTED HERE AND IN A FOLLOWING SECTION OF THE REPORT.
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7.0

Radionuc1ide-sediment interact ions

7.1

Fixation of radionuclides with time by marine sediments
E.K.

Duursma, P. Parsi and G. Stathara

Sorption of radionuclides by sedimentary particles is a time

dependent process in which the adsorption onto the surface of the particle
is relatively rapid (minutes, hours, days) and the absorption into sediment
particles is relatively slow (weeks, months, years). The release to the
water phase of radionuclides from contaminated sediments as a consequence
of desorption or loss by other means depends on their degree of binding.
When the radionuclides have been in contact with the sediments for long
periods of time, the possibility exists that the ease of removal decreases

due to complex surface reactions or binding within crystal matrices.
Laboratory experiments were performed to verify and complete existing field
40
data obtained under semi-natural conditions which relate to this question ,
The experiments were performed by mixing 50g of Mediterranean
sediment with 10 liters of sea water in several lots, each containing

approximately I uCi/a of radiotracer; stable metal experiments utilized
100 ug/£ additions of stable metals and 1 g/£ of sediment.

The degree of

fixation was determined by the degree of release of the radionuclide or
trace metal after leaching by IN acetic acid/NH,-acetate solution (pH 5.4),
and IN acetic acid.

Radionuclide concentrations in the leachates were

determined by gamma or beta counting and the stable metal concentrations

by anodic stripping voltammetry.
Table 33 shows the results which were obtained for the degree of

Table 33. Percent release of some elements originally sorbed to
Mediterranean sediment for time periods of seven months. Values
determined by leaching with acetic acid/NH,-acetate (IN, pH 5.4)
and 1 _N acetic acid (pH 2.3).
*

Leaching Agent

Elements

Mn

Fe

Co

Cu

Acetic Acid/NH4-Acetate 50

0

33

0

Acetic Acid

100

75 100

Zn

Sr

4-33

30 10-80

Ru Ag

Cd Cs

Ce

Pb

100
100 10
10 00 100
100 22 50
50 50
50
100

25 0 100 30, 90

* Cu, Cd, Pb measured as stable elements. All others determined by radiotracers
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50

release of selected trace metals and radionuclides from sediments which
had been labelled for more than seven?, months. Leaching was accomplished
with both acetic acid/NH.-scetate and acetic acid solutions.
Of all -elements studied, only Cd and Sr are completely leachable

by both solutions after & aorption period of seven months, while Ag is the
only element completely fixed. Iron, Cu and Cs are non-leachable with
acetic acid/NH,-acetate, but are leachable with acetic acid. The remaining
elements are partly leachable ®j both solutions. The Implication for contaminated marine sediments is, that in due time, several sorbed elements
become firmly bound by the sediments and are thus precluded from re-entering
the surrounding sea water and are therefore unavailable for uptake by
marine biota.

7.2

Chlorine interactions with sea water and dissolved organic matter
E.K. Duursma and P. Parsi

Chloriaation of reactor coolant waters is oftentimes used to
prevent fouling of the condensors by aquatic organisms. Biota in the
receiving waters of the coolant effluent can be affected by very low
concentrations of residual chlorine. Phytoplankton productivity is reduced
at Clg levels of 0.1-l.Oppm. Sublethal effects on fish (fathead minnows)
have been observed at concentrations less than 40 ppb and reduced fecundity
has been observed in araphipods at levels of less than 4 ppb.

Chlorine dissolved in water is not a persistent chemical since it
and its homologues HC10 and C10~ are easily reduced; chlorine also undergoes photochemical decomposition. Detrimental effects in aquatic systems
might not be related simply to the action of chlorine alone, since chlorine
can react with organic materials to produce toxic chlorinated substances.

These products might have a longer residence time in the environment,
thereby extending, both in time and space, the detrimental effects observed
from chlorination. The present study was initiated to investigate the
reactions which take place with chlorine in sea water, the formation of
chloramines as chlorinated substances, their residence times and their effect
on certain marine biota. Preliminary results obtained to date are presented

here.
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Chlorine, injected in sea water as C12 gas or added as NaCIO
displaces bromine from the bromides present such that for the 68 ppm
bromide present in sea water of 35% salinity, 30 ppm C12 will be reduced

to chloride. Since most of the chlorination processes applied in coolant
water treatment use relatively low concentrations of chlorine, the major
portion of the C19 discharged to sea water will produce bromine unless
«£
reactions between chlorine and organic substances occur at a faster rate
than the oxidation of bromide. The problem of chlorination in saline
waters is therefore different from that of fresh water.
There does not exist at present a method that can be used to
distinguish between either organic or inorganic chlorine and bromine
products. All methods used in this study are based on the action of
chlorine, assuming bromine behaves identically; the results are expressed
in terms of Cl

equivalents such as ppm Cl . Three measurement methods

have been used; the iodometric titration method, the orthotolidinearsenite method and the amperometric titration method. Table 34 shows
the chemical parameters involved in each technique.
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Pigure 32 shows the measured concentrations of chlorine
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Figure 32. Chlorine concentrations in distilled water, tap water,
sewage and sea water as function of time; full lines: in closed
glass erlemeyers; dashed lines: in openglass erlemeyers with air
bubbling,
(added as SaCIO) in distilled water, tap water, sewage contaminated fresh
water and sea water for both closed and aerated systems. The lowest
residence time is in aerated sea water, confirming that the behaviour of
chlorine in sea water differs markedly from that in fresh water. Sewage
differs from tap water due to the consumption of C12 in oxidizing organic
matter; however, in sea water there is a loss independent of organic matter
in the aerated system. This difference cannot be due solely to loss of
bromine. This would consume only 30 ppm Cl2/liter of sea water, yet the
loss persists at higher concentrations of Cl?.
The presence of ammonia in sea water can lead to the formation
of mono, di and trichloramines depending upon the chlorine-ammonia ratio
and the sea water pH. Normally, ammonia concentrations are in the range of
10~30 ppb NH.-N, which would correspond to a chlorine consumption of
50-150 ppb C12 (0.05-0.150 ppm for mono chloramines; 0.1-0.3 ppm Cl_ for
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di-chloramines and 0.15-0.45 ppm C12 for trichloraraines).

The formation

reactions are:
NH + C12 = NH2C1 + HC1
NH Cl + C12 = NHC12 + HC1
NHC12 + Cl

= NC13 + HC1

all of the reactions are reversible. At the normal pH of sea water, i.e.8,
and at the low concentrations of NH_ in sea water, the reactions will not
proceed completely to trichloramines with low concentrations of Cl . With

large excesses of chlorine, however, the reaction can proceed beyond
trichloramine formation leading to deamination and formation of N_.
The orthotolidine method and amperometric titration methods can
distinguish between (Cl_ + CIO ) and chloraraines;
can distinguish between mono and dichloramines.

the amperometric method
Figure 33 shows the results

obtained by reacting different mixtures of NaCIO and NH.C1 in both distilled

water and sea water. The results confirm the formation of both mono and
dichloramines in distilled water; only monochloramines are formed in sea
water. At a molecular ratio NH_:C1? = 1:3/2 the monochloramine persists
longer in distilled water than in sea water. This observation (found
initially with Cl- concentrations of 530 ppm) demonstrates the greater instability of the chloramines in saline water. Figure 33 also suggests
that deamination in sea water is occurring. The monochloramine is formed
only when the concentrations of NH_ and Cl are relatively high and when
the NH_:C17 ratio is less than 1:3/2. When there is more chlorine,
deamination occurs even though the stoichiometric ratio for the formation
of dichloramine is 1:2.

At lower concentrations of NH_ and Cl? (3.5 ppm Cl_) with a
molecular ratio of 1:%, the stability of combined chlorine (probably
monochloramine) seems to be less than at higher concentrations. It is
difficult to say whether this is due to some self-reduction at the lower
concentrations or to reduction by organic matter in sea water. The
potential reducing capacity of dissolved organic matter in sea water at a
concentration of 2 mg/liter (taken as glucose) is equivalent to the

consumption of 9.5 ppm Cl_. At 3.5 ppm Cl? a certain reduction by the
dissolved organic matter would indeed be possible; the same could occur in
the presence of bromine and bromamines.
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^igure_33. Free chlorine and combined chlorine (mono- and dichloramines) in sea water as a function of time.
- 112

The behaviour of organic chloramines formed by the addition of

aminoacids and Cl_ to sea water parallel those of inorganic chloramines.
Table 35 lists the half-residence times of total chlorine (C10~ and
chloramines) in sea water to which were added various ammonia containing

compounds.

Table 35. Half-residence time of total chlorine (C1Q~ and
chloramines) in sea water containing added ammonium and amino
compounds
Compounds

T, (hrs)
T _

Ammonium chloride

1-3

Hydrazine sulfata

<%

Glycocol
Alanine

10-15
2-4

Cysteine

0

Leucine
Thyrosine

3-10
1-2

Diphenylamine

5-15

Blank with only NaCIO
Sewage effluent from Monaco

> 30
3-8

The concentrations of the compounds added were all 1 mmol/lOOml sea
water; the Cl« concentrations were 0.1, 0.5, 1, 2 and 3 ramol Cl2/100ml.

In the case of glycocol, amperometric titration showed that at

an initial Cl?:glycocol ratio of 0,86:1, monochloramine was the principal
product formed.

For cysteine, Cl_ was immediately consumed at all concen-

trations used, indicating oxidation and perhaps deamination of the organic
molecule by Cl™.
rate.

For the other aminoacids, this process occurs at a slower

Since the amounts of Cl- used were insufficient for a total oxi-

dation of the aminoacids present, all Cl~ could have been reduced.
In order to qualitatively establish the concentration range over

which biological effects could be observed due to the presence of chloramine
in sea water, a series of experiments were performed in which mixed algal

cultures were treated with various concentrations of NaCIO with and without
the addition of ammonia and aminoacid solutions. While a complete
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explanation of the results must await further experimentation, some trends
were observed. First, a fresh algal culture is more susceptible to
chlorination than an aged culture. The presence of extracellular organic
substances acts as a buffer to reduce chlorine in solution. Killing of the

algal culture was retarded when 35.5 ppra Cl~ was previously mixed with NH~
(NH3/C12 * 2:1), No effect was observed when 35.5 ppm Cl^ was initially
mixed with alattine in the same molecular ratio as for ammonia. Indeed,
the algal growth was stimulated.
An algal culture once killed usually renews growth after addition
of a fresh culture, at least when no residual chlorine is measurable. An
exception was found for cultures killed by C1,-NH« mixtures (35,5 ppm Cl.)
where the solution remained toxic for several days. Potentially, chlorine
is very toxic to algal cultures, but to kill a culture completely requires
the persistence of chlorine relative to its consumption by oxidation of
available organic material. The oxidation reactions and toxic effects occur
rapidly and the quantities of algae present relative to the amount of
chlorine added determines whether the culture will survive. Chloramines
made by mixing 35.5 ppm Cl_ end 1 ismol NH,/Jt if added to a culture is less
toxic than 35.5 ppm Cl~ alone, but once the culture is killed the toxic
properties persist for nine days so that no new culture could be started
with additions of small amounts of fresh culture. This would indicate the

presence of some relatively persistent toxic compounds.

In summary, in natural sea water the formation of monochloramlnes
would consume 0.7 ppm Cl« by reacting with the natural 10y mol NH,/A and
0.035 ppm C1- by reacting with the G.5p taol/£ of araitioacids present.
Deamination occurs easily with excess €!„ above a NH3:C12 ratio of 1:3/2.
Thus, only low level chlorisation would potentially form chloramines , at
higher levels decomposition by oxidation prevails.

7.3

Studies on solubility, glass-adsorption^ extraction and
evaporation of
"^
E.K. Duursma, D. Vas, M* Marchand

The analysis of sea water for pesticides is a difficult analytical
problem. In order to Investigate the behaviour of one such compound, DDT,

a series of experiments were designed using

36

Cl-DDT to determine DDT

solubility in sea water, its adsorption to walla of glass vessels, the
reproducibility of DDT extraction from sea water by organic solvents and its

volatility when brought to dryness fro® solution.
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Incremental additions of

Cl-DDT added to sea water showed

equilibrium dissolved concentrations ranging from 0.020-0.067 ppm

(equivalent to 5-7 cpm/ml hexane as shown in Figure 34). These concentrations fall in the solubility range 0.0012-0.1 ppra which have been
reported in the open literature.
O£

The amounts of

Cl-DDT adsorbing to the walls of glass containers

depend both on the concentration of the pesticide and on contact time. The
time dependency is shown in Figure 34 for a 20 pfc addition of standard
Qkmwoll

cpm/ml he HOIK

adsorption
100%

SOT(0.?OOP pit, I

0glQ5t*all adsorption

10 -50 pl^ClPOT-itock soln./ZOOml diet w

• c pm

5ml iliakon with 2mI n«tan«
I ml hdxone for counting

& c pm l»t * 2nd entract
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- 60%

-40%

20%

<toy«

Figure 34. Wall adsorption of 36,Cl-DDT with time in glass
vessel.

solution.

This represents approximately 0.08 ppm DOT suggesting that wall

adsorption will occur quite readily at 0.1 ppm. At concentrations
approaching 0.04 ppb the time for comparable deposition would be much
longer.
The extraction procedure for removing DDT from sea water could not

be verified at concentration levels of pesticide which are expected to occur
O/r

in sea water due to the low specific activity of the Cl-DDT. The sensitivity of the beta counting system used gave only 100 cpra/ug. Thus for a
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concentration, of 0.04 ppb, the expected count rate would be only A cpm
per liter of sea water or an activity near background. At 100 ppb however,
using a ratio of one volume sea water to 0.4 volume bexane or petroleum
ether, it was possible to demonstrate that a single extraction removed
80-90% of the added Cl-DDT; a. second extraction recovered the remainder.
og

Evaporation of * Cl-DDT during drying of extracts does occur,

but by working quickly with a standardized routine, reproducible results
could be obtained. Methods employed to avoid loss of DDT through
evaporation by adding paraffin to the organic solvents or by covering the
organic solution to be dried with polyvinyl fomol failed to give acceptable
results.
Earlier experiments vith C-DDT failed completely due to the
low specific activity of the tracer.
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MEDITERRANEAN FIELD MEASUREMENTS
DURING 1972/1973, THE GOVERNMENTS OF THE UNITED STATES AND
FRANCE MADE SUBSTANTIAL CONTRIBUTIONS OF EQUIPMENT TO THE MONACO

LABORATORY. THE INSTRUMENTATION PERMITTED THE EXTENSION OF THE RADIOACTIVITY INTERCALIBRATION PROGRAMME TO INCLUDE TRANSURANIC RADIO-

ELEMENTS AND THE INITIATION OF THE SUBPROGRAMS DEALING WITH CHLORINE
INTERACTIONS IN SEA WATER. IN ADDITION, TRACE ELEMENT MEASUREMENT
CAPABILITY WAS EXPANDED FOR CONDUCTING LABORATORY EXPERIMENTS DEALING
WITH THE BIOLOGICAL UPTAKE AND LOSS OF METALS HAVING IMPORTANT RADIONUCLIDE COUNTERPARTS.

FOLLOWING THE STOCKHOLM CONFERENCE ON THE HUMAN ENVIRONMENT
AND THE SUBSEQUENT CREATION OF THE UNITED NATIONS ENVIRONMENTAL
PROGRAMME (UNEP} THE IAEA IN COOPERATION WITH UNESCO PROPOSED AN
EXPANDED PROGRAMME AT THE MONACO LABORATORY WHICH WOULD USE THE

EXISTING FACILITIES AND EQUIPMENT OF THE LABORATORY TO INITIATE AN
INTERCALIBRATION PROGRAMME FOR THE MEASUREMENT OF BOTH TRACE METALS AND

CHLORINATED HYDROCARBONS IN MARINE SAMPLES. AS A SECOND OBJECTIVE,
MEASUREMENTS WOULD BE UNDERTAKEN FOR SELECTED TRACE METALS, CHLORINATED
HYDROCARBONS AND A LIMITED NUMBER OF RADIONUCLIDES IN SAMPLES COLLECTED
FROM THE LIGURIAN SEA.
IN PREPARING FOR THESE ADDED RESPONSIBILITIES AND IN ORDER TO
DEMONSTRATE SAMPLING AND MEASUREMENT CAPABILITY, A SERIES OF COLLECTIONS

WERE MADE OF BIOTA, SEDIMENTS AND WATER WHICH BASE BEEN ANALYZED FOR
HEAVY METALS, CHLORINATED HYDROCARBONS AND SELECTED RADIONUCLIDES. THE
FIRST RESULTS FROM THESE COLLECTIONS ARE PRESENTED IN THIS SECTION.
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8.0

Trace metals in biota, sediment and water

8.1

Trace element concentrations In mussels of the Ligurian Sea
S.W, Fowler, B. Qregioni, J. LaRosa and W.C. Renfro

Information is accruing on the heavy metal content of many
M-**6
marine molluscs in various areas of the world
, however, there is a
definite lack of data for species in the Mediterranean Sea, a semi«f7
enclosed body of water where pollution effects may be magnified . A

survey was initiated to establish baseline levels of metals in a single
marine species of widespread ecological importance, the mussel, Mytilus
galloprovineiali-s, and to assess the effect of spatial and seasonal
variation on the level of these metals along the Ligurian coast.
All collecting stations are shown in Figure 35. During a three
day period in late June 1973, several dozen similar-sized individuals
(3-5 gm wet weight) of the common Mediterranean mussel, Mytilus gallopyovineialiBfWere. picked from the rocks at each station and the soft parts
immediately removed by means of a plastic knife. The tissue was then
rinsed with filtered sea water to remove adhering debris and several grams
placed in each of two stoppered plastic containers. The samples were then
stored in ice chests and immediately transported to the laboratory where
the tissue in each tube was weighed and then dried at 60°C for 48 hours.
The dry weight to wet weight ratio for soft parts averaged 0.165. Following
drying the two samples from each station were divided in three aliquots
giving a total of six replicates for metal analysis. Contact with metal
objects was avoided in all phases of the sample preparation. Approximately
0.5g of each sample was placed in a conical pyrex flask and 10ml of a nitric
and perchloric-acid mixture (3:1 by volume, reagent grade) was added. The
initial digestion required a temperature of approximately 100°C for 30-45
minutes.

In the evaporation stage, heat was increased to about 180°C until

steady boiling of the mixture occurred. The wet ashing procedure was
considered complete when no visible liquid was left. The residue was then
dissolved and brought to volume in 0,1 jN HC1. Appropriate blanks and

standards were prepared for analysis at the same'time.
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As a check on the analytical method, a sample of NBS orchard

leaves was similarly prepared and analyzed for Pb, Cd, Cu and Zn, four
*t8
elements which recently have been cited by GESAMP
as being potentially
hazardous in the marine environment.

Results are presented in Table 36,

Table 36. Elemental concentrations found in NBS orchard leaves,
SBM 1571, using atomic absorption spectrometry

Element
Pb
Cd
Cu
Zn

Monaco Laboratory
46.1 + 0.3
0.5 + 0.3
11.5 + 0.2
27.3 + 0.3

NBS Certified Values
45+3
0.11 + 0.02
12+1
25 + 3

Mussel samples were analyzed for Ag, Cd, Co, Cr, Cu, Mn, Ni, Pb
and Zn. All data were obtained using a Perkin-Elmer Model 403 atomic

absorption spectrophotometer equipped with a three-slot burner head. The
100-average mode was used. This procedure provides a coefficient of
variation of about. 0.2 to 0.7% depending upon the absorbance of the samples.
An air-acetylene flame was employed in all cases.
One feature, particularly noteworthy in the data from Table 37,
is that the mussels from stations 7 and 8 contained the lowest concentrations of almost all the metals analyzed. Surface circulation charts of
the region near Hy§res indicate the presence of a small gyre which, by
removing the surface waters in a seaward direction, could perhaps cause
upwelling of deeper, less polluted waters in the vicinity. It is also of
interest that samples from Sete, the only region along the French coast
where mussels are grown commercially, contained consistently low amounts of
metals except for Cd; thus metal pollution does not, at present, appear
to be a problem in this area.

At the eastern end of the survey zone, the Savona and Geneva
samples, in general, showed the highest metal concentration for most of
the elements analyzed. Mussels from Savona alone contained the highest
concentrations of Pb, Cr and Co and. the second highest concentrations of Cd
and Mn, while specimens from the Genoa station displayed the second highest
concentration of Zn, Cr, Ni and Cu measured in the entire survey. Other
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Table 37 Trace metal content (yg/g dry) of Mytilue gallopvovine'ialis soft parts
collected in the Ligurian Sea, 19-22 June 1973. Values represent mean and 10 of

six replicates.
Station
No. Location

1
2
3
4
5
i
iSS

6

?

7

3
9
10
11
12

13
14

Ratio
wet/
dry
Sete (etang) 5.66
Grau de Hoi 6.09
Port St,Louis5.84
Marseille
5.50
Cap de
5.82
1'Algle
Cap Side
5.89
Toulon
5.72
Cap Camarat 6.72
St, Tropes 6.34
St.Sapha&L 5.57
7.38
Monaco
San Rerao
7.15
6.88
Savona
Genoa
5.09

Ag
0.1Q+Q.Q1
0.10+0.01
0.19+0.01
Q.45+0.01

Pb
Zti
Cd
Cr
C«
Mn
Ni
Co
3.64+0.44 3.1+0.5 1.0+0.1 7,2+0.2 10.1+0.7 1,0+0.1 7.3+0.8 107+
1.72+0.34 2.6+0.2 2.7+0.3 7,3+0.6 25.7+0.6 1.5+0.1 9.4+0.6 122+
2.13+0.10 3,1+0.3 2.8+0.3 8.2+0.3 45.5+1.6 2,2+0.3 18.1+0.6 181+
1.93+0,28 297+0.3 2.2+0.3 10.0+0.2 5.0+0.2 2. 9+0.2 20.8+1.7 209+

0.48+0.02
0.46+0.02
0.21+0.02
0.3940.02
G. 49+0. 02
0.48+0.02
0.48+0.02
0,49+0.01
0.41+0.02
0.40+0.01

2.01+0.25
3.38+0.24
1.45+0.05
1,72+0.21
1.74+0.20
2.19+0.28
1.83+0.27
1.93+0.01
3.43+0.21
2.75+0.16

Grand X + la

0.37+0.15 2.28+0.72 1.9+1.0 2.4+1.7

ppm dry

1.7+0.3
1,1+0.2
1,0+0.0
0,5+0.0
0.5+0.0
1.0+0.0
1.0+0,0
2.4+0.0
3,2+0.4
2.1+0.3

5.0+0.1 9,5+0.3
12,6+0.7 3.3+0.2 15,7+1.3
•«•
1.6+0.3 7.1+0.6 14,7+0.4 12,0+0,6 15.1+1.1
1.3+0.2 7.6+0,3 5.9+0.6 1.6+0.2 5.0+0.5
1.1+0.2 5.8+0,4 4,3+0.4 1.1+0.2 3.0+0,4
1.6+0.2 7.3+0,2 3.9+0.4 3.6+0.4 2.7+0.2
0.5+0.0 11,4+0,4 10,3+0.9 4.3+0.4 5.0+0.3
0.5+0.0 7.7+0.4 9.1+0,7 1.6+0.2 10,5+0.7
2.3+0.3 8.1+0.4 26,4+0.7 2.6+0.3 15.1+0.5
5.4+0.3 8.2+0,2 39,5+0.5 4.3+0.1 29.6+1.6
5.0+0.3 11.0+0,3 35,4+2.6 8.5+0.6 16.7+0.2

3
5
4
6

125+ 2
98+ 3
156+ 2
130+ 2
170+ 5
134+ 4
112+ 2
131+ 1
184+ 3
197+ 4

8,3+1,6 17.7+14,1 3.6+3.1 12.4+7.7 147+36

Standard deviations of + 0.0 represents calculated standard deviations of less than 0.05

areas with notably high values were the Port St, Louis and Marseille
stations which showed the highest Mn and Zn values, respectively. With the
exception of Port St. Louis, these stations were located in highly populated
as well as industrialised port areas where large amounts of shipping take
place. Port St. Louis, although a. small port, is situated at the mouth of
the Rhone, a river which flows through a heavily industrialized region in

southern France. Hence, it Is probable that the relatively high concentrations measured in these mussels are, in fact, a reflection of increased
metal loads in the organisms' ambient waters.

For certain potentially toxic elements such as Cd, Cu and Zn,
relatively little variation was noted between stations at this time of year.
On the other hand, Pb concentrations varied over an order of magnitude with
relatively high values present in mussels from Savona and near the mouth of
the Rhone river. The remaining metals, Ag, Co, Cr, Mn and Ni, also showed
spatial variations of approximately an order of magnitude, although no
definite trends, other than those previously mentioneds were apparent.

Table 38 compares the results of the present survey with those of
other recent studies made at several different localities throughout the
world. It Is immediately evident that metal concentrations in Ligurian Sea
mussels do not differ greatly from those of similar species analyzed over a
wide geographical range. In almost every case mean metal concentrations
from the Ligurian samples fell within the range of those from the other
surveys and were not significantly different from the grand means computed
for all studies.
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Table 38, Trace metal concentrations (yg/g dry weight) in the soft parts of Mytilua
galtopvovimyialis. Mean values are listed followed by ranges (in parentheses) when
available. N °* number of sajaples. Bash indicates sample not analysed for this metal.
Location

N Drying

°C

Ligurian Sea
(present study)
•42
California
New Zealand ** 1
Irish Sea, "
22
Meuport, Belgium
22
The Netherlands
Bristol Channel, U.K.
*Clyde Sea , Scotland
**Bay of Naples,

14 60
24 110
6 110
~ 60
10 *20
1 *20
- 105
6 100

Analytical
taethod
AAS
AAS
S
AAS
HA
HA
AAS
AAS

ppsa dry
Co

Cd

Ag

Cr

0.37(0.10-0.49)
1 (<1-1.3)
0.1 (0.1-1.3)
0.03
0.15(0.09-0.24)
0,02
-

2.28(1.45-3.64) 1.9 (0.5-3.2) 2,4 (0.5-5,4)
4 (<2-8)
5 (3-7)
16 (9-24)
<10 (<10)
5.1
1.6
1.5
~
1.74(1,21-2.23) 1.23(0.56-2 ,00)
2,27
6.6
_
18 (4-60)
1.8(0.6-3.5)

0.28

7.0

AAS

Grand X
AAS
KA
S
*
**

1.9

» atomic absorption spectrophototnetry
» neutron activation
» spectrographic analysis
« dry weight/wet weight ratio of 0.165 used to convert values to ppa dry weight
« assumed values are ppm dry weight
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Table 38 (Cont.)
Location

N Drying
Temp
°C

Ligurian Sea
(present study)

Analytical
method

ppm dry
Cu

Mn

Ni

Pb

Zn

14

60

MS

8.3(5.8-11.4) 17.7(3.9-45.5) 3.6(1.1-12.0) 12.4(2.7-29.6) 147(98-209

California

24

110

MS

7

New Zealand

6

110
60

S
MS

9 (8-11)
9.6

=20

NA

42
i
J_l

to
t

Irish Sea,
Nieuportj Belgium
The Netherlands22

22

10

(5-11)

16 (6-28)
27 (12-38)
3,5

7 (1-17)
3.7

5 (2-8)

284(204-34;

12 (3-25)
9.1

91(50-180

_

40(29-57)
95

NA

Bristol Channel jUK***

105

MS

*Clyde Sea, Scotland

6

100

MS

**Bay of Naples,
Italy
Grand X

„

_

MS

10.7(1-30)
12.5(5.7-30.0)

8.0
9.1

91

-

43.4
21.5

-

6.6
5.2

147(62-250

15.7(6.0-33.0) 155(79-259

56.7
17.4

227
142

8.2

Trace metal concentrations^ip waters of^the^Ligurian Sea
R. Fwkai and L. Huynh-Hgoc

As has been mentioned previously ia Section 8.1 of this report,
the available data on trace metal concentrations in the Ligurian Sea is
limited* As a consequence, it is not possible to compare existing conditions in this part of the Mediterranean Sea to sea water concentrations of

heavy metals which have been measured in other parts of the world oceans.
Both coaatal and offshore samples have been analyzed for Cd, Cu and Zn in
an initial attempt to provide data for such comparisons and to supplement
the trace metal measurements in biota and sediment cited elsewhere in this
report. Measurements were made using the technique of anodic stripping
voltammetry (Section 5,0) for samples collected from stations shown in

Figure 35.
The results of the sea water measurements are presented in Tables
39a aad b. Lead was also determined in the samples, but the values were

Table 39 a. The results of sine* cadmium and copper determinations
on the coastal waters collected froui the Ligurian Sea (measured
at pH 8}
*
Cu
Cl
Zn
Cd
Station
No.
Location
(%.) (vg/i)
(wg/t)
(ug/fc)
19.21
0.2
55
0.5
Sete
1
0.7
2
Grsu du Hoi
20.13
37
0.3
10.5
< 0.2
Port St. Louis 15.50
0.3
3
0.6
< 0.2
20
Marseille
20.69
4
52
0.4
< 0.2
5
Cap de 1'Aigle 20.48
18
20.59
0.2
0.3
Cap Sicie
6
< 0.2
20.45
23
< 0.1
Toulon
7
< 0.2
0.8
20.45
3.6
Hyeres
0.4
< 0.2
20.45 12.2
Cap Camarat
8
< 0,2
20.52
30
< 0.1
St. Tropes
9
< 0.2
18.10
10.1
< 0.1
10
St. Raphail
1.5
20.93
35
0.3
Cannes
0.4
20.30
17
San Remo
< 0.1
12
20.30
5.3
< 0.1
3.9
Savona
13
0.2
Genoa
20.16
18
0.2
14

* Contamination of sine from the walls of the containers used is suspected
for most of the values presented
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systematically higher than values reported by other investigators for
marine waters. It is not clear whether our high results represent actual
concentrations or are the result of a systematic analytical error. Since
we are in the process of verifying the analytical technique, we have chosen
to exclude these data pending the conclusion of these tests.
The coastal water samples were collected by hand from a rubber
boat by dipping surface sea water directly into acid cleaned polyethylene
bottles. The high values for Zn were initially suspect, since previous

measurements of zinc in coastal waters near Monaco and elsewhere in the
Ligurian Sea have shown concent-rations less than 10 tag/A. Subsequent
analyses of water over time confirmed that the polyethylene containers used
did lead to contamination; acid rinsing of the bottles etched the plastic
caps of the bottles which contained relatively large concentrations of zinc.
Since the degree of the contamination was not constant for individual

containers, it is not possible to apply corrections to the zinc data
obtained. Contamination of cadmium and copper was not observed, however,
the existing levels of these metals in many cases was below the level of
detection. For copper, the values accompanied by high zinc content in the

sample represent lower limits of copper concentrations, since high zinc
concentrations make the voltammograms in the copper region difficult to

quantify. The data do indicate higher cadmium concentrations near the mouth
of the Rhone and elevated copper concentrations near Savona.
The concentrations of zinc, cadmium and copper collected at the
offshore stations are shown in Table 39b. These sea water samples were
collected using 30i Niskin samplers which have proven to be satisfactory from

the standpoint of contamination. Relatively high zinc concentrations were
found in the surface and mid-depth samples along the Sete transect, while
along the Monaco transect, at all depths, Kinc concentrations were low.
In general, the zinc concentrations along the Hyeres transect at the surface
and mid-depth are intermediate to those measured off Sete or Monaco. The
Sete transect would most likely be influenced by Rhone river discharges,
with some effect being possible at the Hyeres stations. Because of the low

levels of both cadmium and copper, it is not possible to judge whether
concentration gradients truly exist. It is clear that preconcentration of
these metals from larger samples will be necessary before the required
sensitivity for their measurement will be possible.
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Table 39b. The results cf zinc, cadmium and copper determinations
on the off-shore waters collected from the Ligurian Sea (measured
at pH 8)
Depth (meters)
Element

Zn

<yg/*>

Cd
(pg/&)

Cu

(yg/t)

Station

5

50

S-l
S-2
S-3

10.2
5.6
5.1

3.5

R-l
H-2
H-3

3.2
7.9
0.9

0.2

M-l
M-2
M-3

1.5
2.0
1.7

1.6

S-l
S-2
S-3

< 0.1
0.1
0.7

0.1

H-l
H-2
H-3

< 0.1
< 0.1
< 0.1

< 0.1

M-l
M-2
M-3

< 0.1
< 0.1
0.5

< 0.1

S-l
S-2
S-3

0.4
< 0.2
0,3

< 0.2

H-l
H-2
H-3

< 0.2
< 0.2
< 0.2

< 0.2

M-l
M-2
M-3

< 0.2
4.9
< 0.2

< 0.2

< below detection
* S - S6te transect
H - Hyeres transect
M - Monaco transect
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500

2000

4.7
8.1

^.
_
2.5
^

2.0
4.5

0.4
-

0.2
0.9

„
0.8
-

< 0.1
< 0.1

^
0.2

0.9
0.2

—
< 0.1
-

< 0.1
< 0.1

,».
< 0.1
MK

< 0.2
0.8

< 0.2

0.5
0.4

_
0.9
-

< 0.2
< 0.2

*-

«.
0.2

8.3

Metal concentrations in nearshore Mediterranean Sediments
W.C. Renfro and B. Oregioni

The high sorptlve capacity of marine sedimentary particles for
many elements has been suggested by others to be a mechanism by which

various metals are removed from sea water to bottom sediments. Determination
of metal concentrations in coastal sediments might be used to contrast those
areas where industrial or population centre inputs might be high with less
developed parts of the coastline receiving trace metals, principally from
natural weathering processes. A small scale survey of coastal sediments
from the Ligurian Sea was undertaken to compare trace metal concentrations
from both populated and sparsely populated areas to determine whether large
concentration gradients were, in fact, occurring.
All sediment samples were taken on 21 February 1973 at 50 and
100 meter depth contours by saeans of a gravity corer. The 18 sampling
stations arranged in 9 two-station transects are shown in Figure 36.

SEA

Figure 36.
Location of sampling stations between Monaco
and Nice Airport.
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The 20kg coring device employed a polyvinychloride tube 5cm in diameter

protruding 50cm below any metal part. The corer was lowered slowly at
each station to penetrate the sediment to a depth of 15 to 30cm. After

retrieval, the sediment core was carefully extruded onto a plastic sheet
where 2cm thick core sections were cut with s plastic spatula from the
surface layer (0 to 2nd cm) and a lower layer (4th to 6th CHI) . The

samples were returned in plastic bags to the laboratory for immediate
freeze drying and were then ground in % mortar and pestle. The dry sediment
was then passed through a stainless steel sieve having a mesh size of
63 microns so that all sediment samples analysed were of the silt-clay

fractions. With the exception of passing through the stainless steel sieve,
which in separate tests was shown to have no influence on their metal concentrationst the sediment samples were exposed only to non-metallic utensils.

To extract metals from the sediments O.Sg samples were refluxed
in a ceramic crucible on a hot plate with 7.5ml of concentrated HC1 and
2,5ml of concentrated HNO,, for one hour. This mixture was evaporated to

dryness under an infrared lamp and then resuspended in 4ml of 0.1 II HNO-.
After filtration through a Schlieeher and Schull blueband filter paper,

the solution was brought to 20ml standard volume with 0.1N*~ HNO,,.
J
The solutions containing metals leached from the sediments were
analyzed for concentrations of 10 metals by standard flame methods utilizing
a Parkin-Elmer Model 403 atomic absorption spectrophotometer« Thirty-five
samples were processed and subsequently analyzed. The lower sediment
sections from the 100m stations in the middle transect off Cap Ferrat were

not obtained.
The concentrations of metals removed by acid treatment from the
silt-clay fractions of each sediment sample are shown in the bar graphs of

Figure 37. All concentrations are micrograsis (yg) of metal per gram dry
sediment except Fe, which has concentration units of milligrams (mg) per

gram dry sediment. For each two-station transect the concentrations for the
surface layer (0 - 2cm) from 50 and 100 meters are followed by the concentrations for the lower layer samples (4 - 6cm) from 50 and 100 meters. The
horizontal line in each graph represents the overall mean concentrations of

the metal for all samples analyzed. Also included in the graphs are tables
which present the mean metal concentrations for all samples in terms of
sediment layer and station depth. In addition, the overall mean and single
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Trace metal concentrations in sediment saraples (Cont.)
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standard deviation for the met'al concentrations in all samples is shown.
For many of the metals measured, values were in the same range as previously

reported for nearshore Monaco sediments

and other Mediterranean sediments .

Examination of the mean concentrations of the metals in sediments
from different layers and station depths revealed few significant differences.
Iron in the lower layer samples was markedly higher than in the surface
samples. The mean concentrations of Mn in all the samples from the lower

sediment layer were higher than in the surface samples. Using "Student's"
t-distribution it was found that the saean for the lower layer was
significantly higher at the 5% probability level (t« 2.188 > d.f. - 16) than
the mean for surface samples at the 50m stations. However, the differences
in Mn means between these two layers at the 100m stations were not statistically significant.
The individual sample concentrations represented in the bar graphs
do not show excessive variation around the grand mean. Except for Fe9
relative standard deviations for the concentrations of all metals were
between 17 and 31%. Study of the bar graphs suggests that there was a slight
tendency for Cr, Fes Mn and Ni to be higher in the eastern transects. Copper,
Zn and Pb showed slightly elevated levels in the vicinity of Nice. Table 40

Table 40. Student's t-values for the differences between mean metal
concentrations in transects 1 - 4 a n d 6 - 9

Element
Cr

Surface__la2SH_
-2.182*

Lower layer

Mn

-4.130*

-1.919

Fe
Co

0.889

-2.222*

-2.727*

-2.625*

Ni

-1.333

-2.950*

-6,000*

Cu

2,307*

1.263

Ag

1.666

3.000*

Zn

0.686

0.773

Cd

-1.000

Pb

1.488

0.710
0.740

* ... calculated t-statistic is greater than 2.145 or less than -2.145,
the tabulated t-value for p = 0.05 with d.f, = 14
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shews the results of statistical distributions between the two regions.
Calculated t-values for differences between the means of the 4 western
transects and the 4 eastern transects are tabulated by element and sediment
layer. If the calculated t-statistie for the difference between the mean
of the 8 western stations (50 and 100m stations combined) and the mean of
the 8 eastern stations had been greater than 4-2.145, then the metals would
be statistically higher in the vicinity of Nice with only a 5% probability
that the difference was due to chance.
Table 40 shows that, except for Ag in the lower layer and Cu in
the surface layer samples, all differences that proved to be statistically
significant were negative. This indicates that, in fact, the concentrations of several metals tended to be greater is the eastern half of the
survey area. These t-distributions failed (except for Ag and Cu) to
indicate that metal concentrations were higher in the western transects,
therefore, if metal pollutants are being introduced into the coastal
environment around the highly populated metropolitan area of Nice, increased
metal levels are not detectable in aearshore sediments when compared to
those from regions assumed to be relatively non-polluted.
8.4

Radionuclide measurements of water, sedto«nt and..biota
collected from the Ligurian Sea; jZ39,2<Pgy 90sjr and 137C8
R. Fukaif C,N. Murray* G. Ststhata and K. Asari

Nuclear power is expected to play an increasingly important role
in meeting future energy requirements. The implementation of fast breeder
reactor technology will lead to greatly increased production of plutonium
and transplutonium radiotmclldes? the future assessment of the safe
operation of these installations and their attendant waste management
practices will require a thorough understanding of the environmental
behaviour of these radioelements.
There are virtually no published results which show existing levels

of plutonium in Mediterranean Sea water.
Measurements were therefore
undertaken to obtain data for comparison with measurements of plutonium made
elsewhere in the world oceans. Strontiraa-90 and 137Cs determinations were
included in a limited nuaber of samples (sea water) to contrast their
distributions with those of plutonium.
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The analytical procedure adopted for Plutonium analysis was
52
that reported by Wcmg . Slight raodificatioos were made in the methodology
at various steps for the different samples analysed.

Plutonium-242 was

added to all samples as a yield determinant (2 dpm/sasaple) and the

resulting purified plutouiusn isotopes determined by alpha spectroraetry

measurements, after electrodeposition onto stainless steel discs

53

. Sample

sizes for sea water were 901; approximately 1kg of wet material was taken
for the analysis of dissected taussels; 200g of air dried sediment taken

from l~2aa depth, which had been passed through a 2mm sieve, constituted

the sediment sample.

The alpha spectrometer was calibrated using a standard electro239
deposited
Pu source obtained from the Radioeheraical Centre, Amersham,
U.K. The calibration of the standard 242Pu solution was compared with
this source both by spectroraetric and total alpha counting techniques; the

calibration agreed in both cases.

Samples were collected at selected stations shown in Figure 35.
For sea water, the stations and depths of the sampling were so chosen that
the spacing would facilitate the interpretation of the data with respect to
the characteristic distribution of water masses in this area. The results
of the sea water analyses are shown in Table 41.
As can be seen from Table 41, the

239 240
* Pu concentrations in

surface sea water (5m depth) range between 0.5-2.8 fCi/kg with an average
mean of 1.0 fCi/kg.
5U

The results are comparable to those of Pillai et at.
for
Pacific Ocean surface sea water (0.3-3 fCi/kg) and to those measured by
Bowen
in Atlantic Ocean surface sea water (0.3-1*8 fCi/kg). The waters
taken from 50m depth at three nearshore stations (S, H, M-l) always
239 240
contained more
' Pu than that in near surface water from the corresponding stations. The values of 8.5-H.8 fCi/kg obtained from 50m depth at
H-l is the highest result obtained to date.

These higher concentrations

may indicate the accumulation of 239" * 240Pu in near bottom layers of near-

shore areas. The mid-depth samples tend to show lower values than those
for surface waters collected at the same stations. Surprisingly, the deep
samples (2000m) appear comparable in 239 "240 Pu concentrations to the surface
samples.

The exception occurs at the Sete transect, where the deep sample

is comparable in concentrations to those at mid-depth, yet definitely lower
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Table 41.
water
Station
No,

Depth
(m)

Plutoniuoi-239,240,
Salinity

90

Fu
(fCi/kg)

S-l

5
50

36.10
38.08

1.2+0.2
2.6+0.6

S-2

5
500

37.19
38.26

1*440,2
0.940.3

S-3

5
500
2000

37.76
38.42
37.86

1.3+0.2
0.6+0.2
0.740.2

H-l

5
50

38.96

2.740.4
8.5+1.8

5
500
2000

37.81

38.60

1.0+0.2
0.740.4
1.740.4

H~3

5
500

37.76
38.04

1.0+0.4
0.5+0.1

M-l

5
50

37.29
37.10

2.1+0.7

5
500
2000

37.81
38.04
38.17

1.840.4

5
500

37.72
37.81

0.940.3
0.740.4

3.91

0.740.7

H-2

M-2

M-3

R-l

surface
filter

38.42

37.99

Sr and

3.340.7

1.6+0.5
2,440.5

137

Ca la Ligurian Sea

90

Sr
(pCi/kg)

137

Cs
(pCi/kg)

0.1440.05

0.1840.06

0.1540.06
0,1340.06

0.2040.05
0.1840.04

0.1240.04
0.1040.05
0.1440.05

0.1940.06
0.1740.04
0.2140,05

0.2840.08

0.3440.08

0.6+0.2

The errors associated with the plutoaium measurements represent 2a
propagated errors; those associated with $®l>r and 137cs are 10 propagated
errors.
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than the surface concentration. Neither the 239 *240Pu or 90Sr and 137Cs
concentrations in the sea water samples show any influence of the Grande
Rhone discharge on the Sete transect. It is also interesting to note that
it was virtually impossible to measure 239 "240 Pu in filtered brackish water
taken near the mouth of the Rhone (R-l), and the filter itself with its
particulate matter (principally unidentified diatoms) showed one of the
239 '*?40Pu values measured. By contrast, 90Sr and 137Cs values at
lowest
this station were the highest measured. Table 42 contains the results of the
sediment analyses.

Table 42. Plutonim-239,240 in coastal Ligurisn Sea sediments
Location

oSediment
^4
*
type

239,240,,
Pu
(pCi/kg)*

1

Sete

Silty sand

4.2 + 0.6

2

Le Grau de Roi

sand

2.6 + 0.6

3

Port St. Louis

sand

2.3 + 0.8

7

Toulou

sand

2.0 + 0.1

8

Cap Camarat

pebbly

1.8 + 0.2

10

St. RaphaMl

pebbly

2.1 +• 0.2

13

Savona

pebbly

0.3 + 0.1

Station
No.

* 2cr propagated errors

Although the differences found in the grain size distribution
of the sediment samples may alter the 2399 240Pu content per unit mass,there
appears to be a steady eastward decrease of 239 *240Pu from Sete to Savona.
This trend may be representative of the near shore sedimentary processes
occurring under the Rhone discharge; further sediment sampling will be
239 240
necessary to describe the general offshore
*
Pu concentration
distribution.

Finally, Table 43 shows the results of a single dissected mussel
sample which was analyzed for 239 *240Pu.
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Table 43. PlutonItsm-239,240 in mussels from Marseille Harbour

(Mytilua
Tissue

239,240pu
CfCI/kg wet)*

Shell
Soft parts
Pallial fluid

610 j; 50
180 + 30
19© + 80

* 20 propagated errors

The values reported here are In reasonably good agreement with
C |*
those reported by Noshkin for mussels taken from the Cape Cod area. On
239 240
the basis of the
' Pu results for each part of the mussels and the wet
weight percentage of each tissue to the total body weight, the total body
239 240
concentration of
' Pu Is calculated as 420 fCi/kgj 330 fCI In the shell
and 90 fCi for the soft parts and palllal fluid. If the average surface
sea water concentrations of 1.0 fCI/kg are representative of ambient water
in the area, the calculated concentration factor for mussel soft parts from
Table 43 approaches 180 which is somewhat lower than those observed by
Noshkin57for Mytilus oalnUs (250-350) and those reported by Filial et alf^
for Mytilus ealifom-umis (230-290); the errors Involved in the measurements
themselves coupled to the differences expected from biological variability
do, however, suggest comparability with these previous measurements.
8.5

Chlorinated hydrocarbon residues in biota, sediments and
water collected frota the^Ligurian Sea
E.K. Duursma, M. Marchand and D. ¥as

Despite the growing body of data relating to the presence of
chlorinated hydrocarbons In the marine environment, few measurements have
been reported for samples collected from the Mediterranean Sea. To complement the baseline measurements of both trace metals and selected radionuclides described In the previous sections of this report, a series of
samples was collected for the measurement of DDT (and Its serlvatives DDE
and ODD), lindane and polychlorlnated biphenyls In order to assess their
presence in biota, sediments and water of the Llgurian Sea.
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All samples collected were taken with non-plastic samplers.
Sea water was collected and stored in pre-cleaned glass bottles; both
sediment and biological samples were collected by hand and stored in
aluminum foil. Solid samples were frozen after transport to the home
laboratory and were freeze dried prior to analysis. Extraction of the
chlorinated hydrocarbons (and the coextracted lipids and other organic
compounds) was accomplished by refluxing the freeze dried sample in a
Soxhlet apparatus for 8 hours either with hexane or petroleum ether, or
with mixtures of hexane-acetone (2:1 v/v) or petroleum ether-acetone
(2:1 v/v). Three methods were investigated for the subsequent purification
of the hydrocarbon residues prior to their determination by gas chromatographic techniques; a) the extract was purified on a Florisil column,
57
deactivated with 5% bidistilled water ; b) the extract waa purified on a
Celite column, impregnated with a mixture of concentrated and fuming
CO

sulfuric acid

; c) purification by simple treatment with concentrated
59

sulfuric acid . The best results were obtained with this last method,
which was used through all subsequent analyses. Coextracted substances
which interfere with PCBs and certain of the chlorinated pesticides are
removed from the extracts by contacting them with sulfuric acid solutions.
While this treatment does destroy compounds of interest such as the epoxy
chlorinated pesticides (dieldrin, endrin, etc) and organophosphorous
pesticides, it does afford a rapid, efficient and economical clean-up
procedure for the analysis of DOT and its derivatives, PCBS and other acid
stable chlorinated hydrocarbon residues.
Aliquots of cleaned extracts were analyzed on a Mo'del 2100 Varian
Aerograph gas chromatograph equipped with an electronic integrator and
fo
recorder. A Ni electron-capture detector was used for all measurements;
the column consisted of 10% DC 200 (methyl silicone liquid phase) on Gas
Chrome Q(80 mesh). Retention time for pp'DDT for a column temperature of
200"C was 18 minutes. Table 44 shows the relative retention times on the
experimental column for a number of chlorinated pesticides and a PCB standard
of PHENOCHLOR DP-5 relative to the retention time of aldrin.

Quantitation of PCBs was accomplished by comparing the area under
the J peak (retention time of 2.65 relative to aldrin) with that of suitable
standards. Having quantitated the PCB in the sample, its contribution to the
K + L peak is calculated and by subtraction, the quantity of pp' DDT

(retention time 3.03) can be calculated. This is repeated for the I and G+H
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Table 44. Retention times of chlorinated hydrocarbons
relative to that of aldrin*
Chlorinated
hydrocarbon
a benzene hexachlorlde (BHC)
lindane (7 BHC)
hexachlorobenzene
aldrin
op' DDMD
pp1 DDMCI
op' DDE
pp' DDE
1

op ODD
pp1 ODD
op* DDT
pp' DDT

Relative
retention
time

Phenochlor
DP-5

0.38
0.46
0.43
1.00
1.17
1.42
1.47
1.81
1.86
2.30
2.44
3.03

Peak A
3
C
D
E
F
G
H
I
J
K
L
M
N
0
P

Q

Relative
retention
time
0.85
0.96
1.05
1.25
1.40
1.50
1.75
1.86
2.22
2.65
2.88
3.13
3.61
4.13
4.38
5.03
5.28

* Determined using glass column filled with Gas-chrom Q loaded
with 10% DC 200
peaks, and the calculated quantity subtracted for the quantification of
pp' DDD and pp' DDE. When spectra were complicated by high quantities of
PCB's, confirmation analysis of the DDT and DDD present in the sample was

effected by converting these pesticides to their ethylene derivatives by
treatment with an alcoholic KOH solution, DDT is transformed to DDE and
DDD is converted to DDHU.

The results of the pesticide analyses on biota and sediments are
presented in Tables 45-47. The plankton was sampled with a cleaned meter
net having a mesh size of 160 microns; the sample was taken 1 mile off

the Honagasque coast. The sea plant was collected by hand from a beach near
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Monaco. In order to determine If losses of chlorinated hydrocarbons
occurred during freeze drying, aliquots of both plankton and seaplant were
analyzed fresh and after freeze drying. The results in Table 45 (expressed
on a dry weight basis) suggest that such losses do not occur. The measured
water content was 92% for zooplankton and 82% for seaplant.
The wet weight concentrations of the chlorinated hydrocarbons are
shown in Table 46 and include separate measurements of the zooplankton made
by the Netherlands Institute of Sea Research. While the zooplankton were
collected from the same general area, both samples were not taken at the same
time. This may account, in part, for the observed analytical differences
between institutions. The total DOT and PCB concentrations can be compared
to the results obtained by Harvey et at. for coastal and open ocean
Atlantic samples. Their zooplankton values ranged from 0.01 to 0.5 ppb/wet
weight for DDT and from 10 to 450 ppb/wet weight for PCBs
In addition,
Ware and Addison reviewed PCBs in plankton samples from the Clyde of
Scotland and the Stockholm Archipel reporting concentrations ranging from
3 to 350 ppb/wet weight. Our total DDT values would appear to be higher
than those from Atlantic samples, while the PCB concentrations fall within
the range of results obtained from other areas.
Samples of mussels, sediment and water were collected at coastal
stations corresponding to those shown in Figure 35 plus several other sites
where elevated concentrations of chlorinated hydrocarbons were expected to
occur. Table 47 shows the results obtained for the mussel analyses. Wet

weight concentrations of total DDT and PCB are given for easy comparison
with other measurements.
The PCB composition in all samples closely resembles that of

PHENOCHLOR-DP5, as shown in Figure 38. The concentrations range of 93-1062
CO
ppb/wet weight is similar to that observed by De Lappe et al.
from mussels
collected from the Mediterranean coast of France (110-1492 ppb/wet weight).

Measurements in mussels collected from the Spanish Mediterranean coast
showed PCB concentrations ranging from 90-1800 ppb/wet weight with high values
being recorded at Barcelona (1500 ppb/wet weight) and in the Delta del Ebro

south of Barcelona (1800 ppb/wet weight). The PCB concentrations in these
mussels were some 3 to 10 times higher than in the same species of mussel

- 141 -

Table 45. Comparison of chlorinated hydrocarbon concentrations in fresh and freeze dried
samples collected from the Ligurian Sea

concentrations (ppb/dry)

Sample
state
wet
Seaplant
(Posidonia oceaniea)
Plankton
i—'
to
1

freeze dried
wet
freeze dried

a BHC

YBHC

pp'DDT pp'DDD

16.2

2.8

48.0 5.9

13.0
70 .0
11.3 63 .4

45 .9
76 .5
88 .7
90 .0

pp'DDE

I DOT

PCB

16.3 70.2

3.6

13.6

7.0
4.6

14.9
11.2

E DDT/PCB

406

73.1

397
2140
111 2060
106 1920

0.17
0.18

0.05
0.5

——————————————————

Table 46.

Chlorinated hydrocarbons in zooplankton and seaplant from the Ligurian Sea
Mean concentrations (ppb/wet)
a BHC fBHC pp'BBT pp'DDD pp'DDE 1 DDX PCB

Seaplant
(Posidonia oeeaniea)

2.9

0.5

S.6

1.1

2.9

12.6

73

Zooplankton
(Monaco)

0.8

5.1

6.8

0.4

1.0

8.1

151

Zooplankton
(Netherlands)

0.6

1.0

6.3

1.2

0.6

8.1

124

Table 47. Chlorinated hydrocarbons in mussels (Mytilus gallopi^ovincialis) collected

from the Ligurian Sea
Dry Tissue (ppb)
St.
No. Location
1 Sete(etang)
2 Grau du Roi
i
!-*
*£•
CO

/
*

a BHC
11
11
(9-13)
30
Port St. Louis
(28-31)
Marseille
6

5

Cap de 1'Aigle

6
7

3

Y BHC
(Lindane)

191
14

(14-13)
58
(52-63)
5

HCH

pp'DDT

pp'DDD

82
587
125
10
101
140
(10-10) (126-154) (82-120)
18
140
146
(18-18) (188-91) (148-145)
278
4
103

pp'DDE

E DOT

272

984
255

£ DPT Wet tissue (ppb)
PCB
PCB
E DDT
508
0.56
285
0.12
610
74

PCB
1753
2080
(2105-2055)
2111
0.16
(2039-2183)

14
(10-17)
34
(32-36)
21

402

4580

13

296

1866

5
ND

84

557

0.09

93

1062

0.16

69

434

123

1313
0.09
(1329-1298)

28

296

133

2461
0.05
(2490-2432)

29

541

320

\

4

15

T

Cap Sicie

5
(3-6)

12
(9-14)

5

Toulon

7
(9-4)

14
(12-15)

3
(6-T)

274
96
(109-82)
114

9
22
(30-13)
19

Numbers in parenthesis represent analysis of two samples collected from same location. The reported value is the
average of these two measurements rounded to the nearest whole number.
T •= Trace

ND - Not detectable

Table 47. (Cont.)
Dry Tissue (ppb)
St.
Np.

y BHC
(Lindane)

HCH

pp'DDT
78
(41-116)

Location

a 3HC

3

Cap Camarat

11
(8-13)

11
(8-14)

4
(3-5)

9

St. Tropez

8
(10-5)

13
(20-6)

2
(T-3)

10

St. Raphael

11
(9-12)

4
(4-4)

PCB

E DDT
PCB

Wet Tissue (ppb)
I DDT
PCB

pp'DDD

pp'DDE

26
(10-42)

45
(21-68)

147

396
(372-415)

0.37

34

93

56
(97-15)

29
(35-23)

221

746
(828-665)

0.30

49

164

32
172
21
177
(29-34) (188-168) (170-175) (10-32)

370

2660
0.14
(2879-2320)

90

631

136

Cannes

4

4

2

394

65

ND

459

1916

0.24

132

550

Aatibes

3

15

T

200

52

12

264

1179

0.22

61

273

12

6

5

246

179

31

456

1830

0.25

105

424

8

10

5

618

87

73

778

445

1.76

223

127

Golf Juan

14

I DDT

Genoa

PHENOCHLOR • DP-5

MUSSELS

PORT S* LOUIS

Not Saponified

MUSSELS PORT s* LOUIS
Saponified

Figure 38. Gas chromatograras of PHENOCHLOR-DP5 standard, saponified
and unsaponified mussel sample (Port St.Louis).
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collected from the Atlantic coast of Spain . By comparison, Jensen et al.
reported low PCB concentrations in mussels collected from the coast of
Sweden; values ranged from 2 to 57 ppb/wet weight.

There appears to be less variation in the total DDT concentrations
in mussels than for PCBs. We note two high values; one for Sete (285 pph/
wet weight) and one for Genoa (223 ppb/wet weight). The elevated PCS concentrations at Sete suggest that the Shone delta tnay be a source of input for
these chlorinated hydrocarbons in the area. Indeed, the values for the
stations from Marseille to Sete all have elevated FOB concentrations in the
mussels; the trend is not observed, however, for DDT. By contrast, DDT
levels exceeded those of the PCBs in the mussels collected from Genoa. In
all other cases, the ratio I DBT/PCB was less than one, indicating the
predominance of the PCBs in the samples analysed.
For both E DDT and PCB, the lower concentrations in mussels
collected from Cap Camarat parallel the lower trace metal concentrations
found in samples collected at the same loactlon. The zone between Cap Side
and Cap Camarat does receive offshore water during most of the year, and is
therefore under less influence from littoral input sources than the other
areas samples.
Table 48 shows the concentrations of DDT and PCB which were
measured principally in shoreline sediments. The isomers BHC and HCH were
not measurable due to chromatographic interferences with unidentified
coextracted substances. Sulfur compounds were initially suspected, but
purification procedures specifically designed to remove such compounds did
not remove the interferring impurities.
The PCB composition resembled that of PHENOCHLOR-5 as was observed
for the mussels, with the exception of samples taken Bear Nice and
Villefranche. These samples gave PCB chromatograms representative of the
PCB, DP-6, These particular samples had much higher concentrations than
those of the other sediment samples. Aliquots of these samples were analyzed
by the Netherlands Institute for Sea Research; their PCB values were 33,
2084 and 88 ppb/dry weight and their DM* values were 1.5, 64.5 and 10.5 ppb/
dry weight for Nice Airport, Nice Casiao and Villefranche, respectively.
The discrepancy between the Villefranche sample for both the DDT and PCB
determinations are as yet unresolved, yet the conclusion concerning the
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Table 48.

Chlorinated hydrocarbon concentrations in sediments frota the Ligurian Sea
ppb/dry weight

Station
No,

Location

pp'DDT

pp'DDD

1

Sete (etang)

2

Grau du Rol

3

Port St. Louis

0.56

4

Cap Sicie

0.04

7

Toulon
Le Lavandou

8

Cap Camarat

pp'DDE

PCB

I DDT

7
(8-6)

11
(12-10)

1.1
(1.4-0.8)

0.3
(0.3-0.3

0.50

0.22

0
.
9
8

0.9
(0.8-1.0)

0.87

2.3

T

ND

29
(34-23)

19

4
(3-4)
26
(25-27)

0
.
0
4

0.83

I DDT
PCB
0.66
0.2
0.09
0.05

0
.
0
4 0.11
(0.3-0.5)

0.18

0
.
6
6 3.4
(2.8-4.0)

0.60 1.0

0.70

2.3

15

0.15

0.05
(0.01-0.09)

0.64

1.6
(1.5-1.7)

0.40

0,5
(0.5-0.5)

0.05
(0.02-0.08)

Numbers in parenthesis represent analyses on two different samples collected at the same location.
Reported value is the average of these analyses rounded to the nearest whole number.
R « Trace
ND « Not detectable)
* « Samples taken at 100m depth

0.19

Table 48. (Coat.)
ppb/dry weight
Station
No.
9
10

Location

1.4
(1.2-1.6)

0.4
(0.2-0.6)

0.3
(0,1-0.5)

2.1

10.3
(10,5-10.2)

0.20

St. RaphaSl

0.6

0.7

0.2

1.5

8.5

0.17

Hice Airport
*
Nice Casino

ND

0.3

0.09

0,4

29

0.01

4.4

7.4
(9.5-5.3)

24
(33-16)

31.3

1165

0.03

5.8
(5.8-5.9)

1.3
(1.6-1.0)

1.5
(1.9-1,1)

8.6

86
(84-88)

0,10

2.1

0.5

0.2

2.9

5.5

0.53

8.4
(8.5-8.4)

3.5
(4.3-2.7)

5.0
(7,0-2.9)

17

4.8
(6.4-3,2)

3.5

0.03

0,05

1.8

0.03

1.3

4.0
(4.5-3,4)

St. Tropez

Villefranche*

i

1 DDT
?CB

pp'DDD

H-i

00

£ DDT

pp'DDT

pp'DDE

11

Monaco

12

San ReatQ

13

Savona

T

0.02

14

Genoa

0.8
(0.7-0.8)

0.25

0,25

(0.3-0.2)

(0,2-0.3)

PCS

(1220-1110)

higher concentrations in these samples over those for shoreline sediments
seems justified. By comparison, surface sediments collected from Swedish
estuaries contain PCBs at levels between 40-160 ppb/dry weight

The £ DDT concentrations in the sediments are not particularly
high and are generally characterized by a low £ DDT/PCB ratio. The

exceptions appear in samples collected at Savona where concentrations of
I DDT exceeded those of PCS. The E DDT/PCB ratio for sediments closely

parallels that observed for mussels, as is shown in Figure 39.

Figure 39. The I DDT/PCB ratios as determined for mussels and
sediments sampled from the Ligurian Sea.

The variation of Z DDT and PCB concentrations between stations is complicated
by two factors, i.e. sediment type and organic matter content. The
composition of the sediments varied from fine grained detrital sediment to
gravel. Thus if adsorption processes are operative in the fixation of the
chlorinated hydrocarbons to the sediment, the fine grained material would have
higher concentrations per unit weight than the coarse grained material. In
addition, the organic content of the different samples was not comparable.
- 149 -

After measuring the content of extractable organic aatter in a number of
the sediment samples, standard statistical tests were applied to the data
to determine whether or not there was a correlation between the chlorinated
hydrocarbon content of the sedisaents and the extraetable organic matter.
The correlation coefficients &s determined for eight stations between Sete
and Genoa were 4-0.57 for PCB and 4-0.69 for DDT. A correlation coefficient
of 4- i signifies a linear relationship; thus we conclude that the PCB
and S DDT concentrations are related in some way to the organic tsatter
content of the sediments. This could be an additional source of variation
in the sediment data presented.
Finally, the results of water samples collected from the same
sites as the mussels contained very low concentrations of both X DDT and PCB.
Both the extraction efficieacy and Interfering organic compounds which are
coextracted have usade the quantification of existing levels extremely
difficult. Other techniques are being tried to improve the analysis of sea
water; our measurements to date suggest that the PCS concentrations are
near 0.1 ppb and £ DDT approaches 0.006 ppb. It is hoped that refinements
can be made in these approximate determinations is the near future.
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11.

Ab stracts of recent: juubl 1 cat• ions

Interaction of Radioactive Contaminants with
Constituents in the Marine Environment

S.W.

Fowler and A. Klimov

Papers presented and ensuing deliberations which took plane at the
IAEA International Symposium on the Interaction of Radioactive Contaminants
with the Constituents of the 'Marine Environment are reviewed. Certain
conclusions emerged from the meeting. Both natural and artificial radionuclides have proved useful ^tools for studying oceanic circulation,
biogeochemical processes^ aftd the dynamics of non-radioactive pollutantshowevert the numerous models proposed to explain these processes* are not
always in agreement with the observed measurements. Discrepancies are due
not only to lack of dataf but also to poor understanding of the basic
mechanisms involved.
Previously contaminated ecosystems have begun to cleanse themselves
once the source of input has stopped. The cleansing time depends on the
half-times of the various components of the system* interest in the study
of which is now growing among radioecologists.
Although studies continue to center on fission products and radionuclides of the transition series^ the importance of transuranium elements
was stressed with the hope that future studies would concentrate on these
long-lived radiocontaminents.
Much recent research shows that the mechanisms of accumulation and
loss of radionuclides are governed by the physico-cherrical state of the
isotope in seawater. In view of these results^ reconsideration should be
given to such parameters as concentration factors which have been computed
using only stable element data,, in particular those biological concentration
factors that form the basis for health 'hazard evaluation.
At present levels of radiation in the marine environment,, no
significant deleterious effects have as yet been detected in marine biota.
The individual rather than the population has been the focus of attention in
most studies to date; howeverf in the -marine environment the fate of
populations should be the prime concern. ...Thusf more emphasis should be put
on measuring effects of low level chronic irradiation in entire ecosystems.

At. Energy Rev. 10; No. 4, IAEA, Vienna (1972)
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Analisis de Microeletnentos en Invertebradoj*
Marines del Golfo de California
Adolfo Pena Garcia

Scott W. Fowler

Six elements were analyzed -in different marine invertebrates* from
the Gulf of California (Mexico)t uning spectrophotometric methods of
atomic absorption. In general, higher concentrations of zinct rvrngrm.exe
and oopper than of chromic, nickel find cobalt vert* found in all the, phyla.
The highest concentrations of Zn were found in molluscs and arthropods.
Several parts of decapod crustaceans were dissected and rmalynadj showing
different concentrations among them. These valuta* are similar to those
reported in the literature. Differences in concentrations were found in
some stages of the life cycle of mjlluftcs and cruptaeeanfi. An interesting
inverse proportion between concentration and size was found for Zn and Cr
in the juveniles of the shrimp Penaeufi califprnienia common in the Gulf of
California. This could be a consequence of the surf ace/volume relation of
the organisms,
Mem. IV Cong. Nac. Ocean (Mexico); 115 (1972)

The Role of Euphausiid Molts in the Transport
of Radionuclldes in the Sea

Scott W. Fowler, L,F. Small and Jacques La Rosa

The molting frequency of euphausiids waff extremely regular and
inversely related to temperature over a temperature rrmge from 5 to
F!uphausiid siv.e an well as the time of day were also found to influence
the' molting frequency, J^uphaufiiids accumulating ra.dionuclidf.s from a
ntiired-i&otope Sfi&wter medium shed molt ft that averaged .53, 3P, SP and 72%
of the Co-57, Mn~54f Zn-55 and Fe-SS^ respectivelyt in the animals, Th*(*e
percentages were reduced to 3. St 2.4f 3.3 and 10.6% of the same isotope
whan they were accumulated during a substantial period of tiw through tha
food chain. Despite the mode of accumulation, the percentages of iffotopps
held in the molta were greatly reduced in the second and succeeding moltr,
Taotope exchange rates betiteen molts and water were fastest for Mn-54 and
decreased for 7,n-6$,Co'~67 and Fe-$9 in that order. The ramifications of
contaminated exuviae sinking and disintegrating in the water column are
discussed.
Rapp. Coirnn. int. Mef. Medit. 21 (6): 291 (1972)
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Accumulation and Loss of Selected Radionucltdes
by Meganyctiphanes norvegica M. Sara

J, Antonini-Kane, S.W. Fowler, M. Tfeyraud, R. Keckes
L.F. Stnall and A. Veglia
To assess the possible role of vertically jrn'.gmting organisms in
distributing radionuclideSj the ac&trnulation md loss of 54*^ ^Cot
Q^Zn, 106 Ftu. and ^^Ce was investigated in euphausiidf* . bolting of the
chitinous ez&skelvton VMM found to strongly affect, tha kinaticfi of radionuc1i.de aocunrulation and. loss when th<z isotope ins aaaumul'rterf directly
from eeawatev* When isptakp of the isotope was through the food chain, loss
due to molting was insignificant. Differences in flux rates for the Various

isotopes are discussed.
Rapp. Comm. Int. Her. Medit. 21 (6)s 289 (1972)

Sinking Rates of Euphavslid Fecal Pellets
S.W. Fowler and L.F. Small

Sinking rates of natural fecal p<?7,lets from freshly collected
euphausiids (126-861 m/day) were in general^ tioo to three times higher than
the sinking rates of pellets produced by the same mirwls maintained on a
diet of Artemig and. algae (53-417. m/day). Tha difference is attributed to
different degrees of compaction as well as different food residues in the
£wo types of pellets. Sinking rates of natural fecal pellets from
euphausiids can account for the rapid descent of radionuclides. f!uphausiid
fecal pellets may be at least as important quantitatively as sinking
carcasses in the dotcnward transport of matter to deep water and fiediments.

Limnol. Oceanogr. OJ: 293 (1972)
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Geochemical Aspects and Applications
of Rsdlomjelides in the Sea
;i

E.K. Dmtrsma

This ravieii} is -intended to update the neoahemical part of cm earlier
review (1954) published in', the name annual raviett series, also on the
aspects of radionculides* in the, marine environment, The literature
is taken from 29$3 fortxxrd and aonaems nearly 480 articles dealing

artificial and national radionufiliden in the Ken,, and tha use of radiotracers for the study of vxiter and sediment transport. The seat-ion on
the artificial radionuolides is a treatise on all the ftxifitina and knoum
radionualidfis with half-liven longer than 10 dayft.
These radionuolidf.fi
are sufstematieally dieousfs^d tifliny the ala&sifivrzbinn of the periodin

ftystamt upon their potential and aotual existence in the sea from nuclear
explosions and peaceful applications of radioiftotope® and nuclear energy,
For some radionuelides where only release figures ara 'knfn,tnf a. budget
calculation is made in order to pr&diat their actual or maximum aoncen~
tration in the sea,
The discussion of the natural isotopes concern the enf$jnog@nia and
primordial radioiflotopes and their ufsv in ooemographic studies* of
watermass charaaterizatian and formation of ocean sediments. A
its given betbieen the diff&rent methodft of ag& determination using the
isotopes of the uranium and thorium

The application of radiotraaern in voter and nedi'mf-nt transport
studies' deals fnainly itith the. different teehnique.® usvd as well aft
information on the studies that have hgsn executed in different e
The Kediment transport Qtudiea are related to engineering studies in coastal
areasf while for water transport studies the diffusion of sevaga into
coastal areas was of primary interest*

Oceanog?. Mar. Biol., Ann.Rev.3er., JLO; 137 (1972)
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Mesure par Spectrometrie Gamma des Actlvites Relatives
d'une Melange de Radioelements d'Energies Voisines
- Note prellmlnaire -

R. Fukai, J.-L. Rapatre et D. Vas

A computer programme has been develop fid to resolve neighbouring photopeaks in Nal(Tl) y-rat/ spectrometry measurements. The nrogramne has been

tested using laboratory prepared standards containing ^7Cs (662 KeV) and
134cs ($Q5 and 796 KeV); data are presented /or the measurement of
environmental samples where the results compare favourably with values
obtained by Ge(Li) detectors,

Rapp. Comm. int. Her Medit. 21 (6): 293 (1972)

Possible Transformation of Zinc Dissolved
in Mediterranean Coastal Seawater
R. Fukai, L. Huynh-Ngoc and C.N. Murray

Data are presented showing the seasonal variation of dithizone
"extraetable" zinc and "total" zinc. The variations between extractable
and total zinc with time indicate a transformation in situ from an
extractable to unextractable form. Such transformations may play a
significant role in the cycle of trace metals in the marine environment.

J.Oceanogr. Soc. Jap. 29: 44 (1973)
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Flux of different forms of
Ru
through a Marine Zooplsnkter
S. Keckes, S.W. Fowler and L.F. Small

The dynamics of accumulation and loss of different physico-chemical
forms of 10&Ru were measured in the euphausiid MvjarjjctiphmeF; nprveaiaa.

The accumulation of IQ^Ru was directly related to the concentration of the
radioisotope in solution^ as evidenced by similar concentration factors for
euphau^siids in the "low" and "high" activity IQ^Ru chloride solutions. The
chemical form of the radioisotope in solution had a pronounced effect on
the uptake^ with 10® Ru chloride fractions being ftacumulated at a faster

rate than l06Eu nitrosyl-nitrato complexes, F.uphausiids lost 106RU,
^previously accumulated from the 10®Ftu chloride complexes^ at a faster rate
'than 106RU which had been accumulated from ^^ftu nitrosijl-nitrato forms.

AlsOj in the case of the ^l6Ru chloride complexes^ the loss rate was inversely

proportional to the time allowed for isotope accumulation. The process of
molting greatly accelerated the loss of l0$Ru from euphausiids,, with first
molts shed during the loss phase accounting for 70 to 80% of the total ^nsRu
body burden.

When euphausiids acerffnulated ^^^Ru from the food chaint the

initial loss 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* Molts from these individuals did not
contain ^06puf thus, loss from euohausiids obtaining this radioisotope through

the food chain is mainly due to fecal p&llet deposition and other excretion
or exchange processes*

Mar.

Biol. 13: 94 (1972)
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Theoretical } Experimental and Field Studies concerning
Reactions of Radioisotopes with Sediments and
Suspended Particles of the Sea

S»K<- Buursjsa and

help of a nutftber of national institutions a cooperative study
was made of the radionuelidsaedimnt behaviour of S9 chorosteristic marine
sediments* Th& sedimnt &an%>l&® w&re obtained from the sea floor of the
three ooeanSf the Arctic Se&st^ the Baltic Sea, the North Seas the
Mediterrane&i* the Black Sea and the Bed Sea* The radionu&lides studied
were Sr-$Gs C8-137t Zn-B^ Co-80* Zr/Nb-9S, Mi-54, Fr-69, Eu-10§9 Pm-14?
and C&-144> Only with Meditgrrcmem sediment the b&haviour of Pu-240t Ca.-4Bt
fib-BG md &b-2W was investigated*
The s&dimnt composition has been investigated for slay minerals in
different grain~§ise fractions* for median grain sin® and sorting, for
specific surface, for easahange ca^a^ity^ fo& ofgemic matte? and for the
esebvoetability of the ions Na9 Ks Ca* Hg and Fe with ass&t-io acid NH^~a&etatef
0,1 N EC13 30% BCl and ooneentvated BCl. Ea&h of the parameters of the
sediment eompoaitien has been mlated to the distribution eo&ffieient of
sorption wkioh eh&Pa/&teri%@8 th& radionufilide sediment behaviour. The "best
relationships were found with the ba8@-®xchange ecspa&iti&a and the specific
surfaae values of the s^dimsnts. For th& whole gr&ttp of aedimntSj the
ratio between the distribution coefficient and th& base-exchange aapaaity
increases in the order Sr~$0s Ca-45s Pu~24Qf C&-13?s Zn-SSt flb-869 Co-809
Zr/flfr-SS, Mn-54f Pe-$9s Ru-lOB, Pb-210f Pm-14?f Ce-144; there is, however,
also an increasing deviation from the mean ratio. Strontium sorption is
not retard to the GaCO$ aontent of the sediment^ C&-23? sorption has some
relationship laith the potassium and illite eontente of the sediment.
The experimentally defined half-tim of sorption and the correlation
of distribution aoeffieisnta with the characteristics of the sediments, made
it possible to distinguish some of the sorption reactions such as isotope
enxhange (Sr~°90}s ion essshemgs (Cs-lS?* Zn~6S)^ precipitation (2r/Nb~9Sf
Fe-5S)t <md a mixture of pr&eipitationt ion essahange and formation of compounds
(Co-60, Mn-54, Ku-106s Pm-147* C*-144).

Although the sediments with relative high orgcazie matter aonaentrationa
did not have elevated sorption distribution coefficients for all the radionu&lideSf the ovganio matter did increase the base-exanange eapctaity of the
sediment^ and to this parameter the distribution eoeffieients were more or
less related. In anoxia 8edwn0nt&s the sorption. distribution coefficients
are slightly differ&ntf for ezzsftple for Pe~$$ and ffit~54 lomrf and for Zn-6St
Sr-90 and Co-SQ higher them as determined for the same sediment under
oseygenated aondit-ions. For one river @@disasnt and some of the radionualides,,
sorption and los& were investigated in river sediments entering the sea.
Sorption and loos aould be observed by following the shifts of the distribution
coefficients*
For 2 marine aedim&nts the radionuslids binding by different
grains-size fractions was investigated* The fractions larger than 64\m had
negligible amounts of radionuelidee,, in the other fractions of smaller groin
the distribution woe different for different isotopes and sediments.
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Diffusion coefficients in packed sediment layers may be determined
by dividing the diffusion coefficients of a non-sobbed ion, sueh as Cl~3
by the distribution coefficient of sorption of a vadionuclide. The
diffusion applies only for the physico-chemical migration in a sea bed,
where both molecular diffusion in the interstitial water and side reactions
with the sediment particles are encountered. As these diffusion coefficients
are mostly very low, it is quite possible that reworking of the sediment or
sedimentation of new material may obscure this type of diffusion.
The results of these studies may be applied to description and
prediction. o$ the behaviour of various radionuclides in seawater sediment
systems. Using these data together with knowledge on the hydrography and
sedimentology of an area, it may be possible to predict some of the
consequences of future waste-disposal practices in this area.
As the radionuclides investigated are also indicators of the behaviour
of their stable counterparts of similar physico-chemical forms, the results
have an equal importance in the field of metal pollution in the marine
environment, a difference being that metal accumulation is not affected by
decay,
Neth. J. Sea Res. 6: 265 (1973)
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Flux of Zinc through a Macroplanktonic Crustacean
L.F. Small, S.W. Fowler and S. Keekes

A simple linear model haft bean employed for an heuristic exami.nation
of the flux of zinc through the euphausiid Mfgany^tiphanes norvegi.oa in
the Mediterranean Sea. The model if! generated from the, basic equation

k& » v & •*• X K, where k & is the rate of ingestion of particulate sine by the
euphausiid, v£* in retention of the element in newly elaborated body tissue,
and A is the rate of elim'-nation of the element. For a first approximation,
K
the k term is assumed to apply only to ingestion of particulate zinc,
though the model can also be made to incorporate direct uptake of zinc from
solution. The k & term breaks down into k & » (Q.& p Ts.), where 0.ir « zinc
concentration in ingested food and p . •* ingestion rate. The ]\ term is
equivalent to (Q p ), where Q =• r.inc concentration in new tissue, added in
3 0
J7
, and p » groi^th-rate. The A termt which really .<^t/? the flux of
w
zinc through M. norvenica, can be fractionated as \ « (Qf pJ + (Q p ) +
v

Lf

&

(Q p ) + (Q p ) + p , where Q^ Q* Q and Q are zinc concentrations in
c c
x x
£
jf
m c
x
faeaest moults, dead carcasses and nnn-ffi abl<* ^(jys, respectively t and p _,
V

pFt . pCT. and pX are the resnectiv
rates of production.
*

The pe t^rm accounts

for excretion of dissolsipd metabolic products, Ov^r the life spa*, of M.
norvenica some of the terms are discontinoi>s (p , for example)f and all a1"*
non-linear. Therefor", we have selected " ecologically significant" segments
of the life, span (segments representing most of the impact on zinc flux, from
biomass estimates), and have summed linear approximations of these sf>le/*t<?d
segments. Using adult animals feeding and defecating for 1? hr each day,
maximum X estimate!; (IZ&.Plvj Vn lost/g dry weight/day) pins ^a^'mm \\
estimates (4. 38vg ?,n rc.tainf>d/g dry ^eight/day) yielded a maxir^tm
for k (130.93yg 7-n ingestcd/g dry weight/day). Si.-*tilarly,
estimates of \ and t^ gave a rt ear-minimum "sti^at" of k (51.%?\\g 7>n/g dry
weight/day). The Zn concentration in the food of M. norvcgica IMS calculated
to be approxi-mately 40Q—4SO}\g ?,n/g dry weight to satisfy the elimination rmd
growth terms. Measured 7,n concentration in "natural" foods of the euphausiid
averaged &?Q\ig Zn/g dry, an estimate reasonably close to the calculated
concentration. The 7,n budget in M. norvegica is thus adequately described,
and indicates that faecal pellet deposition (Q p^J is the most significant
term (representing over 00% of the 7,n flux). Applicability of the above
approach, and the most sensitive parameters, are discussed relative to other
elements and other organisms.
0

Ins

Radioactive Contamination of the Marine Environment, STI/PUB/313: p. 437

IAEA, Vienna (1973)
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Experimental Studies on Feeding, Orowth and
Assimilation in a Mediterranean Fuphausiid

S.W. Fowler, G, Benayoun and L.F. Small

Meganyetiphanes norveg-ica, a euphausiid common to Mediterranean waters,
was maintained in the laboratory on a mixed diet of A^tcm-rr and diatoms*.
Mean growth rates, determined from molt vropod measurements of relatively
small individuals (about S to 20 rug dry weight), ranged from 0.03% to
0.085 mm/day and averaged 0.050 mm/day. Theee length increments amounted to
an average dry weight increase of 0,11? my/day, forger individuals
(> 40 mg dry weight) maintained on the same diet shotted little or no growth,
possibly a result of improper diet. The "filtering rate" concept does not
hold for M. norvegica feeding on relatively large Artern,a. The size of the
Artemia had a pronounced effect on the ingestion rate of M_, np^venica^
individual euphausiids in the 25 mg dry weight range ingested maximum amounts
of Artemi^r when the prey weighed 0. 20 to 0.40 mg. Concentration of Artemia
also affected the euphausiid ingestion rate as evidenced by a trend to>xird
mnxirwan ingestion at higher food concentrations. Percent assimilation of the
organic fraction in the food ranged from 73,8 to 91.9% with a mean value of
84.4%. No significant relationship could be found between percent assimi.lation
and either size of Artemia ingested^ concentration of Artemia^ or total dry

weight of Artemia ingested; hences no evidence for superfluous feeding by
"• nPf*tV2£rt'oa utilizing a carnivorous mode of feeding was apparent.
Thalassla Jugoal- Ti 35 (1971); Published in 1973
Flux of
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Ce through a Euphausiid Crustacean

S.W. Fowler, M. Beyraud, L.F. Small and G. Benayoun

The role of the Mediterranean euphausiid Merjanyctiphanes norvegica in
the cycling of radiocerium (l^lce) was examined. When uptake of T*^Ce occurs
directly from the waterf a "dynamic" population equilibrium is reached at a
concentration factor of about 250. Molting was responsible for up to 99% loss
of total body burden at first molt^ and about 45% of the remaining activity
at second molt,, thus denying true long-term equilibrium to individual animals.
Fecal pellets did not contain measureahle ^^-Ce activity when the euphausiids
accumulated the isotope from water^ thus proving that surface adsorption was
the key accumulating process from water. When radisicerivm was taken in through
ingestion of labelled Artr-m,gf about 99% of the body burden was voided as
fecal pellets. Fxcretion by this route was accelerated when euphausiids were
fed non~radioactive Artem.a during loss phase. Radioactive counts of the
^
pellets confirmed that all ingested ^T-Ce was lost through defecation. When ' Ce
was ingested as labelled phytoplankton^ a substatitial fraction of the total body
burden occurred in the molts, which indicated that the phytoplankton lost
l^lce to the water and the radioactivity was subsequently adsorbed to outer
si/rfaces of the avphausiids. Molts,, fecal pellets and freshly-killed
euphausiids lost ^^Ce to the stater exponentially3 the rates being similar to
the exponential portions of thn loss curves for livef non-molting individuals.
It is suggested that M. norveaicaj and probably other pelagic zof>planktersj can
greatly accelerate radiocerium transport to the ocean floor by packaging the.
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the isotope as fecal pellets. In coastal areas subject to low-level
radioactive waste disposal, ^^-Ce might be ionic (or at least soluble) to a
great extent^ in which case euphausiids could take up the isotope rapidly
and accelerate its vertical transport via molting,
Mar.

Biol. 21: 31? (1973)

TiUTiover and Vertical Transport of Zinc by the
Euphausiid Meganyctiphanes norvegica in the
Ligurian Sea

L.F. Small and S.W. Fowler

Participatory turnover time is defined as the time required to cycle
an element in a system through a given material in that system. The
participatory turnover time of ionic zinc by the adult Meganyctiphanes,
norvegica population in the Ligurian Sea ranged between 498 and 1243 years,
depending upon the available food supply,, and considering the food chain as
the only route for sine accumulation by the population. A total impact
turnover time was calculated as the sum of the participatory turnover time
for live individuals plus the time required for dead euphausiids to lose 90%
of their zinc to the water. Carcasses lost sine to the water slower than
either feces oi" molts, and so established the maximum loss time for all
particulate excretion products; nevertheless, total-impact turnover time
for zinc did not differ significantly from the participatory turnover time.
The net vertical transport of zinc by M. norvegiea from the sea surface to
any specified depth can be calculated as the sim of the dissolved zinc
excreted below the depth plus the concentrations of zinc left in fecesr molts
and carcasses after they have sunk to the specified depth. Carcasses sink
the fastest and lose the smallest fraction of their zinc concentration during
descent; fecal pellets sink the slowest and lose the greatest fraction of
their zinc concentration and molts are intermediate. Nevertheless, feces
represents the major route for delivering zinc to the bottom of the Ligurian
Sea (2500 m)3 because concentration of the element in the pellets is so much
higher than in carcasses or molts. Excretion of dissolved zinc into the
water at the vertical migration depth of the living population during the
daylight hours was also inconsequential. Feces zinc represented over 80%
of the total zinc transported to the sea floor if only marginal food supplies
were available to the euphausiids, and over 90% if food was in sufficient
supply. M. norvegiea can effect a net transport of about 98% of its. body
zinc concentrat^on below 500 m daily, in conditions of sufficient food supply
and assuming that no released products are eaten during descent. If the
food supply in the Ligurian Sea is considered only marginal throughout the
year,, M_, norvegiea can still effect a daily net transport below 500 m of
about 36% of ^t8 body concentration., and about G% of its body concentration
will reach 2500 m daily.

Mar.

Biol. 18: 284 (1973)
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General Recommendation for Designing
Marine Radioecological Experiments

W.C. Renfro and S.W, Fowler

Recommendations which ensued from an IAEA seminar on de&igning marine
radioecological experiments we presented. Participants concluded the
following: 1) Depending upon the purpose of the experiments, it is

necessary to define the physiao-eh&nrical forms of the tracert carrier and

contaminant presents %) Models of laboratory and field system* should
conform to the condition of the system^ hence,, the member of compartments
in the system and whether the system is "open" or "closed" with respect to

the elements considered, must be determined; $) flotations and symbols
suah as used in the report to the International Commission on Radiation
Units should be employed as standard terms for turnover models; 4) When
using radiotraaerS; laboratory experiments should commence only after
ensuring that isotopic equilibrium exists in the compartment in question;

5) Physiological parameters which could influence radiotraoer experiments
should be controlled or measured; 6) Physical or chemical conditions
which could influence radio-tracer experiments should be controlled or
measured.
Health Phy». 24 j 572 (1973)
Transfer of Zn from Sediments by
Marine Poly chaste Worms

W.C. Renfro

Silty marine sediments spiked with Zn lose only small fractions of
their radioactivity when exposed to slowly flowing seawater for several
weeks. However* polyahaete worms (Nereis diversiaolor)s burroiting through
the sediment, cause v^Zn losses 3 to 7 times higher than in sediment
without worms. Long-term experiments on the uptake and loss of ^^Zn by the
polyahaete Hermione hystriy^ indicate that SO or more sdays exposure are
required for this loorm to approach 6steady state with °?,n in the sediment,
Biological halfrlife estimate* for &?,n accumulated from sediment by
ff, hystrix are extremely variable (52 to 19? days)t depending on the loss~time
interval chosen for the calculation. Following S days exposure to 16 on?
of radioactive sediment^ £. diversicolor individuals contained an average of
0, 2% of the total ^#n in the sediment. When these worms were transferred to
non-radioactive sediment^ estimates of biological half-life for ssZn averaged

14 to 17 days during the lose period Day S to Day IS, Based on these
experimental results^ it is estimated that a population
of N. diversioolor
could cause an annual loss of 3% or more of the 85Zn in the"upper 2 cm of the
sediment of a hypothetical radioactive estuary,
Mar. Blol, 21: 305 (1973)
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Specific Activity of RfldiomicJidf>s Sorbed by Marine Sediments
in Relation to the Stable Element Composition
E.K.

DlHlTfiTTia

The problem investigated in whether the binding of radionuclides to
marine sediments in a. rxisti* Disposal area can he predicted from studies of
the trace metal contents of th* rudiments.

To mtnlvnte this3 the

experimentally determined distribution coefficients of Vfn'-oufi radioniflidefi
ond the eri'fiting corresponding. stable isotope distribution were compared for
different marine sediments of the major ocean basins. The ratio of the
distribution coefficient of the rad.ionuclide to that of ita stable cowtfwrvrrt
»-W8 considered to be. a treasure of the amount of the stable isotope cniailsible
for exchange w'-th the radiom*Qlid.e in fteai'iater. The ratio?; wra normllif
lobij but ranged from about 0.1 to 100% for the different alemtmtff rmd sediment
tested. The practical application for i-iast? disposal evaluations is that the
ratios efttinvtted for a particular area might be used for a first approximation
of the maximum amount of radiomtalides that might be. held by the sediment at
a given specific activity in the seawater.

In: Radioactive Contamination of the Marine Environment STT/PUB/313: p.57,
IAEA, Vienna (1973)

A Contribution to the Stability Aspect of
Metal Organic Complexes in Seawater
R. Fukai

Recent studies on the chemistry of various trace elements in
water have established the occurrence of an organically completed fraction
among the chemical forms present. Little, is "kncnim hotfevr>rf about the
physico-chemical properties of these, completes. In this paper our present
state of knowledge is critically reviewed.
On the basis of additional results obtained through experiments
using various test reactions^ such as decomposition•> acidification, i.on
exchange^ eta.., stabilities of the organic comple.res, especially of ?.incf
are considered in detail. The results suggest slota rates of exchange
ionic and organically bound fractions. It Man observed that no dissociati

of organic complexes of zinc occurred at the pH of seaa>nter at least up to
several days after the removal of ionic forms.

In:

I.A.G.C, Symposium on Hydrogeochemistry and Biogeochemlstry J2: 562 (1973)
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Adaorption-Besorption Equilibria of some Radionwclides
in Sediment-Freshwater and Sediroent-Seawater Systems
C.Ne Murray and L. Hurray
Knowledge of the behaviour of radionuclides in <?$tv.arJ,n? environments
-is required -in the understanding of their regulation in coastal areas. The
present paper describes experiments that were earried out to investigate
the uptake of certain radionualides cm fresh-water> sediments in river water
(adsorption) and their subsequent r&lease from the sediments to the sec/water
(desorption) . It was found that for the radionuolides studied* Wco^ s5Znf
220/5^ their behaviour was very individual. Laboratory results suggest
that certain factors strongly affect the adsorption-desorption characteristics
of the sediment. The influence of important factor it such as the pH of the
river,, estuary and se<ytfaters the concentration of sediment and tranv element
in the rivtsr i&zterj, the speciation of the trace element^ the mineralogy of
sediment^ the formation of paytieulate material in the river water and
floculation of this by sediment in the estuary and sea.,, and salinity effects

on desorption aye discussed. From a knowledge of these factors, it in possible
to predicts as a first approatimation,, for a given sediment -the amount of
radionuclide that will be taken up by a given weight of fresh-ioater sediment
in a very simple river system under equuilibrium conditions. When this
sediment reaches the marine environmsnt the amount of desorbed radionualide
eon b& calculated. An example of a predictive calculation for adsorptiondeeorption of Var River sediment is given for conditions of pHf sediment load
and tmaer concentration that are typically found in this system.
In; Radioactive Contamination of the Marine Environment STI/PUB/313: p. 105,
XASA, Vienna (1973)
Environmental Behaviour of Radiocobalt and Radiosilver
released from Nuclear Power
Stations into Aquatic Systems

R. Fukai, C,N. Murray

To deduce the general characteristics of the behaviour of radiocobalt
and radiosilver released from nuslear power stations into the aquatic
enviT>&mn^nt^ the release situations of several existing power stations together
with field data obtained to date on these and other releases are systematically
assembled and reviewed. These data indicate that., although the major sink for
radiocobalt is bottom sediments^ soms fractions tend to recycle into a soluble
phas® and go through complicated processes such as hydrolysis, inorganic arid
organic aonrplex formation, adeorption-desorption with suspended particles and
hc-Zi-cw vsdimentsj etc. In the case of radiosilver the complex formation nn.fk
chloride ions in the seawater medium seems to be important in maintaining this
element &t solution,, while there are practically no data, available for freshwater

system.
Si'tis-0 these retzations hav& pronounced effects on the availability of
the P£diont40lidee to aquatic biotas possible speoiafcion equilibria and related
of cobalt and gilv&r radionu0lid&8 in natural waters are
172 -

discussed in detail on the basis of the data, obtained by various workers as
veil as by the present authors from laboratory esperir"r>nts frnd field
measurements. An attempt is wide to evaluate and. compare the importance of
various processes under natural conditions.
Finally, the accumulation of radiocobalt by the aquatic biota t's
re~exarm',ned from the view point of concentration factor. Revised concentration

factors are presented for some groups of marine organisms.
In:

Environmental Behaviour of Radionuclides released in the Nuclear Industry,
STI/PUB/345: p.217, IAEA,'Vienna (1973)

Concentration effects on
Cs,
Zn,
Co and
Ru sorption
by Marine Sediments with Geochemical Implications

S.R, A^hton and E.K. Duursma
~f y*?

£ t\

7/7/7

ftf)

The uptake of
Csf
Znt
Ru and
Co by several types of marine
sediment was studied by a simple laboratory technique- The reaction* were
measured as functions of equilibration timet carrier concentration, sediment
concentration and salinity. Darya values of the distribution coefficients
of these radioisotopes at sediment concentration of 0. OS my/ml were
interpreted, as nucleationt respectively aggregation of particulate forms of
the radioisotopes by sediment particles. Constant distribution coefficients
are found at higher sediment concentrations where nucleation in masked by
adsorption onto the sediment particles. ^^Cs was found to have an uptake
proportional to the illite content of the sediments3 probably involving an
ion-exchange reaction with potassium. The other radioiftotopes showed less
specific adsorptions. All radioisotope sediment reactions could be
represented by the Freundlich isotherm model. The consequences of the uptake,

especially the hinh particulate proportions of the radioisotopes at law
sediment concentrations, were discussed with regard to the supply of trace
elements to bottom sediments in the open ocean and the availability of
artificially introduced radioactivity to filter feeders and benthic life.
Neth. J. Sea Res. £: 25 (1973)
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Jntercailbration of Methods for Measuring
Fission Products in Seawater Samples
R. Fukaij S« Bsllesfcra and C.N. Murray

To examine the pre-sent^day comparability of fission product
measurements on sea/Mater samples with the aim of achieving better
aomparabilitii in the futures an interoalibration ex&raifie was organized
by the Monaco Laboratory in 19?G~?1; t&o kinds of homogeneous &eaii>ater
samples contaminated ioith various radionuolides under natural conditions
at monitoring levels were distributed to laboratories aroitnd the vtorld 46 laboratories reported results of measurements on fission products -in
these samples. In this paper a survey made on the reported results in
presented together with the results of hoMogeneity tests of the samples.
The "preferred lvalues1' for str<mt&fm~9Q*rut'neniwn~106i caesiwr^lM and
caesium-Id? are e&tirmted for thf.se samples by statistical treatments of the
obtained results. The scatter of the results -is less pronounced for
Btrontiwrt-90 and case-iian-JS? than for 3ir>c&nt-!v?i~ni0bium"95f ruthenium~106'f
saesiwrr-lM and aeriwn~144* For ruth&niiwr-lOS in the higher Itivel ftamplp^
the results are especially not swarthyj, being spread over almofft tioo orders
of magnitude. This seems to relate to the incapability of fsowa methods to
measure different chemical forms of this radionuelide occurring in seatxiter.
Specific obsezmations made on the results for each radtonuslidfi as well as
general remarks on the rsport&d results are al&& given*

Ins

Radioactive Contamination of the Marine Environment:., STI/PUB/313:p.3,
IAEA, Vienna (1973)

The Fluorescence of Dissolved Orgasiie Matter in the Sea
E.K. Duursms

Stamarizing the different paBsibilities,, it seems obvious that there
are three main sources of fluorescent- substances. In coastal areas the
dominating soiree will be vun-^off from lands while in the open ocean rainfall
containing fluorescent substances from the atmosph&re and in_ situ formation
of fluoveseent substances &£ll add new material to the ntater£aT~already
present. The addition from plankton is mostly immeasurable in the quantities
produced? but theip &sietanee i& sha&n by the detection of certain special
fluorescent substances that have identical structures in both plankton and
seawatev,

Th&se budget calculations aref howeverf only tentative and much more
infoymation on the different facts of fLuoves-s&nt subst&neea i& r&quir&d to
obtain a cl&ay view on the produ&tions yesi-dsnse time and distribution.
In: Optieaul Aspects ©f Oeeaaogrsph>% ^»G. Jerlov and E. Sttessan Nialsen (Eds,)
Academic Fresss L*mdc»!, pp»494 (1974)
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Experimental Studies on Cadmium Flux
through Marine Biota

S.W. Fowler, Ohislaine Benayoun

The role of mussels (Mytilus galloprovinciali*} and b^nthic shrimp
(tysmata, seticaudata) in the cycling of cadmium -t,n the marine environment
fcYjs examined. Results from Cd-109 uptake experiments indicated that (steady
state between itater and the organisms was not reached after 2 months.
Concentration factors computed at this time were 130 and 600 in whole mussels
and shrimp, respectively. Concentration factors based on stable cadm'.um
concentrations were several times higher3 indicating incomplete equilibration
between Cd-109 and stable cadmium in the organisms. Mussels had the highest
Cd-109 concentrations in the viscera, with lesser amounts in muscle, mantle,
gills and shell, respectively. The highest Cd~109 concentration in shrimp
was also found in the vircera^ followed by e,r.oskeletonf muscle and eyes.
Relative differences between stable and radiocadmium content of certain tissues
are discussed. Increased cadmium uptake at higher temperatures ijas noted in
shrimp^ whereas uptake by mussels was unaffected by temperature. The uptake
of cadmium vas directly proportional to the cadmium content in seaj^aterj
hoioevert accumulation was unaffected by varying the zinc concentration. Shrimp
tended to lose cadmium faster at higher temperatures; however, differences
were not significant over the 2 months loss period. Shrimp maintained -in a
flatting seawater system retained an average 55% of their original Cd-in$ body
burden after 8 months. The biological half-life., computed wr* a 7 month
period, was 378 days. The relatively slow loss of Cd-109 from mussels ms not
affected by either the levels of zinc in their tissues or zinc concentration
in the surrounding seaixtter. Mussels maintained at a field station lost
significantly less Cd-109 than a similar group fold in the laboratory flowng
seatiiater system during th<* first 3 months. After this tine field animals
fluxed cadmium 4 times faster (7b^ =3(77 d) than the laboratory group
(Tb% » 1254 d). The observed discrepancy between flux ^ates is thotight to be
related to differences in the organisms1 food supply. It is concluded that
cadmium flur is a relatively &IOM process in rnsnsels and shrimp. Animals
coming into contact with cadmium polluted inters will retain a significant
fraction of the accumulated metal for a relatively long period of time.

In:

Comparative Studies of Food and Environmental Contamination
STI/PUB/348:p.l59, IAEA, Vienna (1974)
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Considerations sur les formes physico-ehiraiques du cobalt,
manganese, sine, chrome at fer dans une esu de tner
enrlchi.e ou non de matiere organique
Micbel Marchfmd

Using the radioifsotopez of five metal elements (Co., Ww, Zn, Of F?)
as tracers., tfte various phijnj.co-cherm.-cal forms of the radioactive isotopes
of the trace elements considered have been dat&rniripd fry strong catinnif
resin chvorm.tographtj in a natwal &eatoa.t@T and the same sftztxiter
with marine algal organic matter*
In natural semester, three days after the introduction of the
nttnganese and zinc were fojmd minty in settihlf cationir> forrns
Zn%*)* Cobalt seemed to "be foimrf in two solifote catiwir fomn
and Co(lT.+)i a, slight (mimic or neutral fraction ?-Kt$ detected which
my correspond to complexes ifrith the ligand (72™ (^oCl^""^ CoCl$~j Cof!l«>).
Chromium^ strongly absorbed on the- Malls was to be foitnd as a. aolvW.".
chrormte (CrO^'~° }. Iron wa.$ usually foimd in a coltoiAal state, Th<*
occurrence of an anionio or neutral fraction should point to a colloidal
dispersion rather than a truly soluble form,

The experiment shows the effect of organic matter on the p
equilibrium of t*,ines chrotrriim and iron by the formation of anionic^ neutral
(iron and chromium) or cationic (zinc) orgaw-o^Tnetallie carmlftyei* . ^he action
of the. organic matter is all the stronger as the degree of insoli&ility of
the rqdionualide is higher (Fe > G& > In), The oecyprenGe of ircn and chromiwn

organ-us complexes is less in geawater samples with a weaker pH (4.5),
J.Cons. Int. Explor, Mer, J5 <2}i 130 (1974)
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