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1. jjgesgnji research programme
1.1. Radioactive contamination in marine environment and "biota in the

eastern Mediterranean.
1.2. Detail of programme

(1) Objectives and most important points
The study of radioactive contamination of marine environment
and biota involved qualitative and quantitative determinations
for radionuclides of biological interest. The purpose of such
an investigation is to determine;
(a) Rate of passage of radionuclides through the food chain to
the human organism in subtropical conditions prevailing in the
eastern Mediterranean. The Levantine Basin of the Mediterranean
is characterized by high temperatures and salinities which are
typical for a tropical area. These are the cause of survival
and development of numerous Indo-Pacific organisms which pene-
trate from the Red Sea through the Suez Canal into the eastern
Mediterranean. It is therefore of interest to determine concen-
trations of radionuclides taken up by the endemic as well as the
Indo-Pacific species at various levels of the food chain,
(b) Indicator organisms which can be used in measuring the con-
centration of radionuclides in marine environment.

(c) Effect of organisms on the distribution of elements in the
sea. The elements, of which a large proportion passes through
the organisms, will thus undergo a modification in their spatial
and seasonal distribution in the water and sediments.

(2) Specific aims
The eastern Mediterranean is an example of a subtropical area,
the radioactive contamination of which has not been studied in
the past. The behaviour of radionuclides in waters of high
temperature and salinity has not yet been sufficiently explored?
neither has the rate of uptake of radionuclides by the marine
biota in subtropical and tropical areas.



The dilution and dispersion of racb.onuclid.es have a special
significance in the eastern Mediterranean due to the effect of
the. Wile Flood which causes the accumulation of large masses of
fresh water during a certain season of the year. The upwelling
and vertical mixing have an effect on the distribution of radio-
active nuclides,, The Levantine Basin of the Mediterranean is
characterized by high temperatures and salinities which are
typical for tropical areas, and the productivity is relatively
low as compared with other areas« The eastern Mediterranean is
inhabited "fay a characteristic flora and fauna of Atlantic and
Indo-Pacific origin. Species which penetrate through the Suez
Canal are continuously changing the balance in the existing
animal communities.
This dynamic aspect of marine ecology poses problems which are
unique in the oceans. Thus a variety of food chains exists,
which is characteristic for tropical and subtropical seas and
which is liable to constant periodic fluctuations. As a result,
any radionaclicle entering this environment will have various
possibilities of passage through these chains before reaching
the edible fishes and invertebrates6

(3) Methods of procedure
(a) Planned sampling of the sea-water sediments and organisms
in a grid of stations on the continental shelf.
(i) Spatial sampling: Sampling at various depth levels in

relation to thermocline, Mile ;̂ ater distribution, upwelling
and other mixing processes on the continental shelf. The
stations grid to be determined mainly according to varia-
bility of the sea-bottom structure*

(ii) Seasonal sampling: The sampling is generally planned to
be carried out at monthly intervals» However, within the
period of rapid changes in the characteristics of the
environment and composition of the plankton benthos and
nekton, time series of data at shorter intervals will be
required. This refers to the following periods:
Increase of primary production as measured by means of
the ^C method.
Peaks in the phytoplankton and zooplankton abundance,,
At periods following the reproduction of oenthic
invert ebrat es.

At seasons of the increased abundance of certain indicator
species of pelagic and demersal fishes.



Sampling of the sea-water is carried out "by means of a Van Horn
sampler which was recently modified (Finucane and May, 1961)0
This is a plastic water sampler which is chemically relatively
inert and ca,n "be messenger activated. An improved tripping
mechanism has "been designed for this sampler (Stephens, 1962).
Water samplers, collecting 5 litres of sea-water, were used by
Corcoran and Alexander (1564), constructed from PVG and equipped
with reversing thermometer mechanism*

Sediments are collected "by means of the Petersen "bottom grab or
a dredge which is also used for collecting the benthic organisms
(Barnes, 1959)° The macroplanlcton is collected "by ring nets
which may be towed horizontally, vertically or obliquely,, In
areas where the plankton is scarce, a larger diameter of the net
opening is required to obtain a quantity of material sufficient
for biomass determinations. The use of Isaacs-Kidd midwater trawl is
therefore the most useful net designed for sampling the bathypelagic
forms (Aron, 1962)0 The benthos sampling methods were dealt with
in a very extensive paper by Holme (1964)0 In the eastern
Mediterranean of the Israel coast the Petersen bottom grab, dredge
and "beam trawl were used. The last two pieces of equipment were
specially constructed and their performance has been described
elsewhere (Gilat, 1963)= Fishes are taken by means of commercial
gears used in the Mediterranean.
(b) The suspended matter in sea-water is composed of the organisms,
products of their decomposition and solid matter resulting from
precipitation processes or from rock erosion. The concentration
of particulate matter is interlinked with the chemical and physical
properties of water masses. Goldberg et ale (1952) used filters
which retained all particles greater than 0.5 (-im (type HA Lovell
Chemical Co., T-Iat e.rt own, Mass.). Determination of the total dry
weight and ash weight of leptopel retained by MF ashless membranes
as suggested by Fox et al. (1953) is planned., The membranes are
ignited in a muffle furnace and the organic matter determined by the
difference between dry and ash weight. The sea-water sample is
filtered through a Millipore AA filter previously treated with
magnesium carbonate powder to prevent particles adhering to the
surface of the membrane= The concentrated particulate matter is
rinsed off the membrane filter with a little saline solution.
The. sea-water is filtered through a netting of 150-300 [im mesh
size, to remove the zooplankton without loss of plant cells or
detrimental particles.. A comparison with another method is recom-
mended such as sedimentation technique (Utermb'hl, 193l)° The
microscopic technique for estimation of particulate matter is used
for differentiating between the living and dead material. Sea-
water is filtered through Millipore, the disc dried and cleared
with cedar oil for microscopic examination. Measurement of
organic particles resulted in an indication of seasonal changes
in their abundance. The surface of organic aggregates is an
important factor in the adsorption of radionuclides (Riley, 1963).
A gravimetric method was recently modified by Banse et al. (1963)
for determining suspended matter in sea—water using Millipore
filters. A survey of the methods for measurement of suspended
organic matter in sea-water is presented by Parsons (1963). The
use of ultra-centrifugation methods may also be considered.
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(c) The extent of adsorption of a certain radionuclide depends
on the physical and chemical state of the radionuclide in the
sea-water and the physical and chemical character of the adsorb-
ing surface,, For sediments the adsorption depends to a large
extent on particle size distribution. The granulometry of marine
sediments refers to the following grades: gravel > 2 mm, sand
2-0.062 mm, silt 0,062-0.004 mm, clay < 0.004 mm. The coarse
fraction including gravel may "be determined "by sieving. In the
eastern Mediterranean an extensive study has been carried out on
the physical and mineralogical composition of the sediments of
the continental shelf (NEEV, 1965). The following sedimentation
.methods are applicable: for sand - Emery Settling Tube (Emery,
1938); for silt and clay - Sedimentation Balance as devised by
Bostock (1952) and Cohen (1959). The methods used in the mechani-
cal analysis of sediments are widely discussed by Gripenberg (1955)
(d) Identification of species for the pelagic and benthic organ-
isms is required. The taxonomy of invertebrates and fishes of
the continental shelf of Israel is well known and the results of
previous investigations are published mainly in the Bull. Sea
Fish. Res0 Sta. Haifa, and Bull. Res. Coun. Israel, Jerusalem.
The constant changes, however, in the composition of the fauna
due to penetration of Indo-Pacific species through the Suez Canal
require special attention during the identification of the
organisms.
The presence of Indo-Pacific forms has been summarized by Gilat-
Gottlieb (1959) for benthic invertebrates and by Ben-Tuvia (1963)
for fishes. There exists a comprehensive list of publications by
other authors for separate taxonomic groups which is not cited.
(e) The methods of quantitative sampling of plankton were
recently discussed during the Symposium of Zooplankton Production
held in 196! in Copenhagen (Ka'pp. Proc. Verb, des Reun., Conseil
Perm. Intern. Explor. Mer., Copenhagen, 13_3» 22 pp.)<>
In the western Mediterranean a comparative study of various types
of plankton nets was recently carried out (Gilat et al., 19&5?
in press). A very important contribution to this problem was
made by Motoda et al. (l95?)« In laboratory it is recommended
to use a gauge for determining plankton volume as devised by Yentsc
et al. (1956).
The methods of sampling benthos were discussed extensively by Holme
(1965). The biomass of the invertebrates is calculated from
samples taken by means of a Petersen grab (0.1-0.2 m ). A study
for the Israel continental shelf was carried out showing the values
of living tissue in grams per square metre of sea-bottom for most
important taxonomic groups. More information is needed for the
dominant species or those which will show high concentration
factors for certain radioisotopes* Thorson (1957) m the review
of the invertebrate bottom communities suggested that the dry
weight be determined by treatment in a drying oven at a tempera-
ture of 110 C to obtain a constant weight. The organic matter
can be determined by ignition in a muffle furnace at 550°C as a
result of which the ash weight is obtained,,



(4) Evaluation of measurements and experimental studies
Evaluation of radioactivity levels in marine environment and
organisms - where possible at the equilibrium state - with respect
to the radionuclides under investigation is desirable. Experi-
mental studies for evaluation of accumulation factors must be
carried out in view of the fact that marine organisms accumulate
radionuclides to different degrees and at different rates,,
The filter-feeding animals take in a larger quantity of radio-
nuclides which are adsorbed at the surface of organic and in-
organic particles suspended in sea-water. The chemical form of
the element in the environment is an important feature in the
ability of the organism to retain it in the body tissues. The
levels of radioactivity of the majority of species may be
expressed as a fraction of the levels found at the same station
and at the same time in the indicator species. Biological indi-
cators of "particulate radionuclides" were found in the Windscale
area (Mauehline and Templeton, 1963). This method of comparison,
if verified in a time series, will lead to a restricted number of
species to be investigated. The importance of this may be
stressed in tropical and subtropical waters with an extensive
variety of species, which is true for the eastern Mediterranean.
The specific activity of sea-water will vary seasonally as a
result of the hydrographic conditions. The existence of a
thermocline which varies in depth and stability will affect the-
distribution of the various radionuclides in relation to space
and time* Direct transport of radionuclides by currents was observed
in Pacific waters. The seasonal fluctuations of the phytoplankton,
zooplankton, benthos and fishes affect the concentration of various
radionuclides. The spring and autumn peaks in the plankton abundance
and its specific composition will influence concentration of radio-
nuclides taken up by means of biological processes and physico-
chemical .adsorption (Ketchum, 1957)«
The accumulation of radicnuclides in marine biosphere is dependent
upon the chemical characteristics of the water,, The most important
parameters arc temperature, salinity, pH and the presence and
nature of complexing agents (Krunholz et al., 1957)° Rice and
Murdoch (1963) proved that temperature and salinity have an effect
on the accumulation of radiocobalt by the brine shrimp Artcmia,
in experimental conditions.

The uptake of Zn by phytoplankton seems to be affected by light
as shown in the experiments carried out in the Laboratory of
Marine Radiobiology, Rovinj (Keckes et al., 1964).
The elements present in marine environment are accumulated by the
organism through chemical and physiological processes. The
accumulation of radioactivity occurs due to incorporation of
radioactive isotopes together with non-radioactive isotopes of a
certain element in the body tissues. The isotopic effect influ-
encing the chemical and physical behaviour of various isotopes of
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a certain element, when dealing with processes of accumulation
by marine organisms, can be neglected., Large-scale experiment
is carried out in the Windscale area where radioactive effluent
is discharged into the marine environment and studies carried
out on the accumulation of fission products by marine "biota
(Mauchlxne et al., 1964),,
On the coast-line at Windscale, the colonial polychaete,
Sabellaria builds tubes from sand particles which are contamina-
ted by radionuclides, e.g. lo6Ru, SSzi/̂ ub, l^Ce, In this
area, the radioactivity on the sea bed was found to be associa-
ted with pockets of fine mud and with organisms present in the
same areas and was mainly due to -̂ R̂u (Mauchline and Templeton,
1964)° This element is adsorbed to silt part-icles which form a
surface much larger than the organic particles. In experimental
studies it was shown that the accumulation of ̂ 0"Ru from the
water by the lobster was much more rapid than from the food
(Templeton, 1961)0

89Laboratory experiments on the uptake of radionuclides, e.g., Sr,
9^Sr? ^-37cs, Ru, -Zn, by marine organisms were carried out in
various laboratories,, Boroughs at al. (1957) discuss the results
obtained at the Hawaii Marine Laboratory and Fishery Radiological
Laboratory, Beaufort, North 'Carolina. Marine teleosts concentrate
radionuclides from food organisms composed of ^ooplankton..
Copepads (Tigriopus) become radioactive due to ingest ion of
radioactive phytoplankton cells and other suspended particles.
The accumulation of "5Zn and Co by ccpepads from sea-water is
rapid and amounts to iug.h concentrations, as proved by experi-
mental studies. They failed to accumulate significant amounts
of fission product radionuclides, e»gc -*-J7Cs, ^ Sr (Chipman, 1958).

The accumulation of radioactive mc-^erials by teleost-3 occurs by
means of adsorption and absorption from the sea-water or by means
of ingestion. Experimental studies shew that "5Zn was accumulated
by marine fishes to a la;gor extent from food than from sea-
water (Rice, 1963)0
The marine biosphere tends GO concentrate nervy metals; e.g. Cu,
Zn, Ni, over the hydrosphere by factors of up to 10° on a we i girt-
for-weight basis* These elements fora stable complexes with
organic chelating agents (GoMl/erg. 1957)- Tne accumulation of
radionuclides with special reference to the heavy metals is dis-
cussed by Templeton (1961). The uptake and accumulation of 5zn
by marine organisms was studied by Chipman et al. (1958). The
work covers various levels of the marine food chain, ecg» phyto-
plankton, molluscs and teleosts. The marine diatoms accumulated
considerable amounts of (j5zn which remained in the cells to a
large extent, though zinc present in the cells is exchangeable
witla "that of the wj-ter* The shellfish accumulated °5Zn frcim the
surrounding sea-water probably because of the great difference
between the zinc content of the wai;er and that of the organisms*
The fish excrete this radionuclide efte^ the uptake through the
digestive tract, However, certain internal organs show accumu-
lation of "5zn which is slor? and long continued.
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The metabolic processes considered .in the uptake of radionuclid.es
differ according to the physiology and ecology of these organ-
isms. The differences in uptake must "be considered in view of
the physical and chemical states of the elements involved. The
phytoplankton takes up the radionuclides which are either metabo-
lized "by the cells or adsorbed to their surfaces., Therefore, both
the ionic and particulate states of the radionuclide are concen-
trated by the phytoplankton by a factor of one to many thousands
and therefore seem to be a biological indicator of the presence of
certain radionuclides in marine environment (Seymour, 1959)°

The molluscs which are filter-feeding animals concentrate in the
digestive tract radionuclides occurring in the phytoplankton.
This process depends largely on the physical state of the nuclide
in the water and the physiological demand for the element of the
molluscso The ionic radionuclides pass readily through tissue
membranes while the particulate form is associated by means of
adsorption to the body^surfaces. The giant clam Tndecna con-
centrates 5?Co, 58co, °̂ Co and 5%jn in the internal organs
(Weiss and Shipman, 195?)°
Some of the elements accumulated by marine organisms are involved
in metabolic processes,0 the others taken up directly from the
water, sediment or food do not seem to have any metabolic sig-
nificance. This fact was observed for a series of heavy metals,
the role of which - in the physiology of the organisms - is unknowno
It was proved in the laboratory that EDTA depresses the uptake of
°5Zn by the clam Bfetilua and speeds its loss. The same was also
true for 5°Co, ^'Co and 5tco? the uptake of which from the sea-
water by the shrimp Leander wa,s considerably inhibited in the
presence of EDTA,,

The influence of increased iron, cobalt 3,nd zinc concentration on
the uptake of cobalt and zinc radionuclides by shrimps and mussels
was studied. The results show that iron enhances the uptake of
radiocobalt in mussels but no such effect was observed for the
shrimps (Keckes et al,, 1964)=

The uptake of radionucludes may be represented as an exponential
process in which the time required to reach an equilibrium is a
function of weight of the organism (Morgan, 1963)= In nature,
the organisms tend to reach an equilibrium state in which the
ratio of radionuclide to stable element remains the same as in
the environment, It is instructive to conduct experiments in
conditions peculiar for each zoogeographic region., The Levantine
Basin of the Mediterranean is inhabited by characteristic popu-
lations of animals which are to a large extent of Indo-Pacific
origin, and form an example of a tropical environment with a
relatively low productivity (Oren, 1965) •
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