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FORZWORD

Thiz is the third report to the Internationsl Atomic Energy Agency
under the Research Contract No. 37.

The study at Kjeller, Norway, is an experimental investigation of the
accumulation of some radicactive isotopes in some aquatic organisms, and
the aspects of the distribution of these substances in the food c¢hain of

a stream.

The research programme entered upon was intended as a three yesr experi-
mental investigation of some important biclogical problems related to the
disposal of radioactive wastes in a small Norwegian river, This report

covers most of the work performed during the summer 1961,
The experimental approach has been made in a specially designed model
recipient. Egquipment of this construction is for the first time used in

research on radicecological implications of radiocactive waste disposal

problens.
The present account is an accompanying paper to the application for [inan-

cial aid the last year of the research Programus.

Blindern, Novemver 25, 1901.

Karen Halvorsen Olav Skuliberg
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QUTLOOK. AND STATEMENT

Although inland waters are generally regarded unsuibted as recipients

for radioactive wastes, nevertheless, one of the important means of
disposing such materials is provided by sireams., The development of
atomic energy is thus faced with a water pollution problem. The efforis
to solve and manage a practical and safe waste disposal programme must
be given sericus attention {Straub et al. 1959). An understanding of
the effecis of introducing the wastes into the aguatic environment

ought to be the background for the sanitary engineer in the attempt to

solve problems ¢of this nature,.

The processes opersting in the recipient, affecting the distribution of
the radicactivity, have to be studied. When the significant biotic and
abiotic factors are recognized, it may be possible to define permissible
levels of radioactive contaminanits which will still preserve the watler
for man's direct and indirect use wilthout deleterious effects to man or
organisms. The knowledge of these factors may also make 1t possibkle to
establish a practical programme for supervision hased on a few selecled

crgenisms or other environmental components.

A congiderable amount of research work has been put into the fisld of
radioecclogy since the importance of these problems was receognized.

A list with selected references to the literature available on marine

and aguatic radiobiology of this category up to May 1960 contains 422
headings (Kilement et sl. 1960). Since then written contributions to the
topic have bheen steadily increasing. An examination of the literature,
however, demonstrates that the ecological research on phenomena relsted

to water polliution problems wilth radiocactive substances is in its commence-
ment. This situation is stressed by severzl authors (e.g. Dunster 1959,
Foster 1959, Nelson 1960, Tsivoglou et al. 1960, Jaag 1961},

A still better indlcation of the stale of research is perhaps represented
by the ecclogical studies of the streams that recelve radicactive wastes
in North-America (e.g. the Columbia River, the Ottawa River and the Clinch
River), and in smaller scale in Western~-Europe (e.g. the Thames, the Hhine,
the Elbe, and the Rhone). These investigations are performed to obtain

primary information about the problems involved,
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A statement in the paper ORNL - 2557 "Report of the joint programme of
studies on the decontamination of radiosetive Waters“, page 11, reads
as follows: "Summarizing, it may be stated that data available at pre-
sent on concentratlon of radiocasctive materials by natural agents are of
a preliminary nature. There is much to be learned about the many com-

plex mechanisms responsible for this concentration',

The need of extending and improving the research in radicecology is
reflected in the programme for studies of this nature in the various
centers for development of the use of atomic energy, as well as in
universities and other scientific institutions (e,g. U.8, Atomic Bnergy
Commission 1961).

During the Scientific Confersnce on Radiocactive Waste Disposal, Monaco,
November 16 - 21, 1959, and on the Second Panel on Coordination of
Research Contracts on Selected Topies in Radiobiology, Vienna, March 28 -
30, 1961, the status of research on biological implications of reconcen-
tration of radiocactive wastes in streams were commented upon by several
sclentists.

The current opinions at these meetings were that basic and applied
studies are needed and desirable in order to obtain further information
on the dispersion, movement, distribution and biological cycling of radioc-

nuclides in a wide variety of aquatic environments.

In the present state of development c¢oncerning radioecology there is a
demand for observations and experiments made in different geographical
regilons. The wide range of habitats, the variety of communities, the
different climatic and other physiographical factors involve a great
amount of research work to be done. On the other hand, data collected
furnish the science with evidence that make comparison and criticism
possible. This will form the base for progress in the field towards a

more adequabte understanding of the complex of phenomena considered,

The effectuation of the research programme concerned with the Intermational
tomic Energy Agency Research Contract No. 37, was intended as a contri-
bution to the international efforts to obtain information related to bio-

logical implications of stream poliution with radiocactive wastes,
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At the same time the results obtained may furnish a base for the
evaluation of the safe use of the river Nitelv as a recipient of low
level radiocactive wastes. The actual problem is for the flrst time
studied under conditions of nature prevailing in Scandinavia. The
geographical position will determine the physiographical factors as
well as the selection of organisms in the communities which are con-

sidered,

Most of the knowledge existing about the abiotic and biotic factors that
may influence the dispersion of radionuclides disposed to stream environ-
ments represents analytical data and observetions made during regional
surveys of contaminated watercourses. These studies are very important
contributions and have founded a base for further endeavour (e.g, Krumholz
1954, Junkins et al, 1960, Tsivoglou et al 1950, Morton et al. 1901,
Sedlet 1961), A regional survey of this kind was made at the river Nitelv
and provided a background for the experimental investigation involved in
the International Atomic Energy Agency Research Contract No. 37 (stedje
1960) .

Another type of research consists in laboratory investigations on single
probiems and selected organisms. This kind of experimental investigations
is reported from meny research institutes (e.g. Boroughs et al. 1957,
Davis 1959, Auerbach 1959, Department of Scientific and Industrial Rew
search 1959, Polikarpov 1960). Laboratory experiments are alsc performed
in connection with the International Atomic Energy Agency Research Cone
tract No.« 37.

A& third category of investigation on these problems is represented by
what may be called "controlled experiments in natural aguatic communities”.
This synecological approach has the advantage that the organisms are in
situ on their respective biotopes during the experiment. The environ-
mental factors and the orgenisms interact upon each other in the same way
a3 in the actual recipient. Thus it is possible to describe ana define
the conditions for bicaccumulation and transfer of radlonuclides by the
components of the aguatle communities. EBxperimental work (to some extent)
of this kind is performed by several investigstors (e,gg Hutchinson et

al. 1950, Krumholz 1950, Pendleton et al. 1958, Foster 1959, U.S. Atomic
Energy Commission 1961 - contract AT (11-1)-655),
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The model recipient wherein the experimental undertakings for the
International Atomlec Energy Agency Research Contract No. 37 are per-
formed, provide experimental facilities specially designed for in-
vestigations of the third category. For a description of the bulld up
and function of the experimental plant reference is given to previous
reports (Skulberg 1960, 1961). Some of the very important advantages
offered by the device are summarized in the following: (For information
related to the use of channel systems For investigations of general
water pollution problems see Wuhrmann 1951).

The experiments are conducted with the river water itself. The aspects
of the change in water quality with meteorclogical conditions and the
seasons, and the effect of such change on the processes studied, are given
attention., The factors of the environment are either controllable (e‘g.
water flow and velocity, nature and degree of radicactive contamination,
type and qualities of the bed of the running water, in part the chemical
and physical properties of the water) or subject for measurements. The
opportunity is at hand to study the organisms and their biotic inter-
relationships very closely. The entities of biota, with their characte-
risties in addition to the characteristics of individuzsls of specles,
can be considered. By this the importance of population and community

relations on the actusl problems is emphasized.

The diverse uses to which the model recipient may be put are many. We
consider it more suitable for precise experimental investigaltion on
radicecology of flowing water than most other ezperimental facilities
used for studying bioclogical problems related to radioactive waste dis-
posal. Our experience obtained during the introductory work in the
experimental plent in the autumn 1960 and from the investigations the

summer 1961 support this opinion.

The experimental work during the summer 1961 have mainly progressed
along two lines which we will designate as an autscological and a syn-
ecological approach. The aims and the objectives are in accordance with
the written research programme of the previous applications to the

International Atomic Energy Agency.
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AUTECOLOGICAL APPROACH

Work classified under this category performed during the summer 1961
comprise experiments conducted in the well system and the recircula-

tion channel of the experimental plant.

The study of the ability of single organisms to transfer radionuclides
through the different trophic levels in the ecosystem includesinvesti-
gations of the accumulation phenomena. It is important to get knowledge
about the nature and extent of the several processes effecting maximum
and minimum concentrations of elements in the various species of the
aquatic communities. The purpose of the experiments here reported was
to obtain information about levels of radiocactive contamination that
may occur in selected species of river biota as a result of exposure to
radionuclides under known conditions., The variation between the dif-

ferent species in their capaciiy to concentrate the radionuclides used

was considered.

Important organisms from an ecolegical point of view were sampled from
different habitats in the river Nitelv during the early summer, The
organisms were cultivated and maintained in the experimental plant, and
from this collection specimens of good condlition and as equal as possible
were selected and transplanted in the well system and recirculation

chammel in due time before the experiments were started.

The objects for the experiments were the following species:

Algae

1. Chara Braunli Gmel.

Family Characeae.

The species is a cosmopolite, and has a wide distribution in Eurcpe.
The collecting of the species was done in the potametum sociation,

where 1t occurs in loose population at small depths.
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Vascular plants:

2

e

4,

Alisma Plantago-aquatica L.

Family Alismathceae.

A borealcircvmpolar plant.

In the river Nitelv this species is a constituent of magno-
caricetum, eleocharetum and potametum sociations, The collecting

of the species was done in the eulitloral zone.

Callitriche verna L,

Family Callitrichbeeae,

A borealcircumpolar plant.

Found together with the forementioned species in the eleocharetum

sociation of macrovegetation in the river Nitelv.

Seirpus acicularis L.

Family Cyggr&ceae.

A borealcircumpolar plant.

Growing in dense population in the eleocharetum sociation. The

collecting of the species was done in the eulittoral zone.

Invertebrates:

5.

Ancdonta cygnea L.

Pamily Unionacea.

The species has a wide range on the northern hemisphere,

The sampling of the animals was done in the sublittoral zone,

outside the potametum sociation.



2el,

- 12 -

Vertebrates:

O, Phoxinus phoxinug Lirmé&

Family Cypriniceac.

A eyprinid fish of Eurcpe and northern Asia.

The fish was caught with an electric fishing apparatus.

Te Salmo trutta Liimé

Pamily Salmonidae

Fresh-water distribution in the countries of Europe north of the

Mediterranean eastwards 10 Greece.

The fish used for the experiment were reared in a fish hatchery

before the transfer to the well system,

The species number 1, 4, 6, and 7, are to our knowledge for the first
time studied with the purpose of getting information about their ability
to concentrate radioisctopes. The regional wide distribution of these
species and their abundance on the different biotopes made them experi-

mental objeets of considerable interest.

Experiments with Phoxinus phoxinus and Salmo trutia

The osmoregulation, salt metabolism and excretion of teleosts have been
the subject for investigations of zoophysiologists for & long time
(Brown 1957)n Although valuable and fundamental knowledge is the result
of these efforts, it is obviously little known about the concentration
of the species of elements in fishes under different environmental cone-
ditions. This matter of fact is in part a consequence of the analytical
difficulties of measuring the concentrations of some elements being at
hand in minute quantities only. The use of radioisotopes have not only
ereated a requirement for knowledge about the topie, but also given a

useful tool to provide the necessary information.
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The teleosts absorb the salts which they use for the control of their
osmotic concentration and other metabolic needs, partly from the diet

and partly from their external enviromment.

An experiment was accomplished to cobtain information about the ability

of Phoxinus phoxinus and Salmo trutta to take up radiophosphorus directly

from the surrounding water,

This experiment,which is described in the following, was started on
June 21 and finished on August 10, 1961. Two tanks in the well system
of the experimental plant were used for the purpose. Each tank was
filled with 1000 iitres of water (“20 = 55,5 10“6, pH 7,3 and turbi-
dity 12,8 mg 3102/1). 100 individuals (average length 6 cm) of Phoxinus
phoxinus were transferved to one of the tanks and B0 individuals {aver-
age length 10 em) of Salmo trutta to the other. The fish represented

healthy stocks and were in advance accustomed to their special environ-

ment in the well system., On June 21 the radioisotope P32 was administered
to each tank. The dose was 470 /uc. During the whole experiment the
water in the tanks were maintained in stagnant condition. The fish
received no food during the time of exposure., The temperature in the
water varied between 12°¢ and 18%C. During the last days of the experi-

ment a few deaths occurred among the individuals of both species.

The uptake of radiophosphorus to the fish was measured 8 times during

the exposure time. 10 individuals of Phoxinus phoxinus and 5 individuals

of Salmo trutts were each time used for this operation. The samples of

individuals of the two species were treated as a group. On the same days
observations of turbidity and determinations of the radiocactivity asso-

ciated with the particles and water in the tanks were performed.

The data obtalned from the experiment with Salmo trutia are plotted in

figure l. The highest value of concentration of radiophosphorus in the
fish corresponds to 45 . 1Cr6 /uc/mg ash weight. Obviously more than
thirty days are required for the 932 content of the fish to reach an
equilibrium with that of the surrounding water., When equilibrium was
reached; the concentration (/uc/g wet weight) of P32 in Salmo trutta was

approximately 10 times the concentration (/uc/ml) in the milieu.
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The corresponding data obtained from the experiment with Phoxinus
ghoxinus are shown in figure 2. The highest value of concengration

of radiophosphorus for thiis species measured was 11500 . 10 juc/mg

ash weight. The concentration of P32 in the fish approached an
equilibrium with that of the environment during twenty days. At that
moment the concentration (/uc/g wet weight) of P32 in Phoxinus phoxinus

was approximately 1000 times the concentration (/uc/ml) in the mildeu.

The osmotic concentration of body fluids in teleosts living in fresh
water is greater then that of their surrounding water. This involve a
tendency of conmtinuous loss of salts by diffusion through surface tissues,
and from feces and urine. To ccmpensate for the salt loss, salts are
actively absorbed through the gill membrane (Harris 1960), and by uptake
of malts contained in ingested food. During the experiments described
above with Salmo trutta and Phoxinus phoxinus, the fish were kxept

fasting. Thus the ability of the gills to take up ions dissolved in the

surrounding medium against the diffusion gradient is of prime importance.
The high level of the egquilibrium between the content of phosphorus in
the organism and in the water reflects the biologically essential role
of this substance.

An interesting result of the experiment was the demonstration of the
considerable difference between the two species with respect to their
uptake of P32 from the external environment. To emphasize this finding

the various concentration factors

Quantity of radicactivity (/uc)
. o/ v

Concéntration factor = wet Egight (g)

Quantity of radicactivity (/uc)

Volume of water {ml)

(Krumholz et al. 1957) during the experiments with the two species

are calculated and plotted in figure 3. We are at the moment only able
to indicate that the accumulation of phosphorus is regulated by some
metabolic processes which have properties characterizing the speciles.
In this connection the physioclogical peculiarities otherwlse of these

species may be recalled, Salmeo.. trutta is a coldstenotherm, euryhalin,

poly - oxybiontic and carnivor species, Phoxinus phoxinus, on the other

hand, is an eurytherm, stenchaline, eury - oxyblontic and omnivor species.
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The experiment described was intended as an integrating part of the
investigation conceimed with uptake of radionuclides by fish of the
river Nitelv. Together with experiments with administering radio-

miclidesto the fish in a food chaln mode, an understanding of these

problems in the actual enviromment may be approached.

2.2. Uptake of radiophosphorus by some hydrophytes of macrovegetation

The macrovegetation of inland waters is in many regions a considerable
fraction of the biotic mass of primary producers (Reid 1961). The
ecological importance of the macrovegetation concerning the problems

of radioactive contamination of inland waters is among others attached
to the role the macrovegetation plays as a link between agquatic and
terrestrial food chains. But also inside the aguatic environment the
macrovegetation has an essentizl function ag reservoir for chemical
elements in the biogeochemical cycles., An exploration and evaluation
of the processes performed by the macrovegetation in connection with the
movement of chemical elements in the aguatic environment are therefore
required. In handling low-level waste the aguatic environment has to be
uzed as diluting asgent. The task to establish necessary precautions
against the hazards of contamination of constituents of hydrobiota will
require knowledge of the reconcentration mechanism of the macrovegetation.
The experiments reported here are concerned with some individual links
in the transfer of radiophosphorus from water to hydrophytes of the

macrovegetation.

The macrovegetation In the littoral zone of the river Nitelv is divided
between a megnocaricetum, an eleocharetun and a potametum sociation
V(Skulberg 1960). The variation of water level in the river with the
seasons and meteorological conditions involvesthat the sublittoral and
the lower eulittoral zones are most exposed to a possible radicactive
contaminant. According to this reasoning it was decided to use important
species from the eleocharetum and the potametun soclation as objects for

the experiment. Alisma Plantago-aguatiea, Scirpus acicularis, Calli-

triche verna and Chara Braunli were chosen.
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The experiment was started on July 5 and lasted ten days to July 14,

The recirculation channel was filled to a height of 10 cm with water
from the river Nitelv. This water level corresponds to a water volume
of 2400 1litres. The wabter masses were characterized by these analyti-
cal data: pH = 7,3, ryy = 54,4 » 10‘6 and turbidity = 22 mg SiOg/l.
The velocity of the water during the experiment was approximately

10 cm/sec., The hydrophytes, which had been cultivated in the well system
of the experimental plant in metal baskets with plastic coating, were
directly transferred to the recirculation channel, The quantity of P32
sdded to the water represented 290 /uc. At daily intervals observations
and measurements of these factors were made: Radiocactivity content of
organisms, water and particles; turbidity and temperature in the water,
The meteorological conditions during the experimental perlod were re-
cerded.

The determination of radicactivity was performed on samples of whole
plants minus roots, the procedure being the same as previously reported.
The specimens of plants used for the experiment were in a state of
vegetative growth and demonstrated the typical habitus of the species.
The remaining plants from the experiment were followed in thelr develop
ment. They completed their vegetation cyecle in the same manner as

parallel plants not used for experiments.

The conditicns in the recirculating water were fairly constant during
the experiment, The varistion in temperature was in the interval 15 -
EOOC. As a consequence of sedimentation the turbidity of the water
decreased from 24 mg 8102/1 on July 5 to 17 mg SiOa/l on July 14.

The data obtained from the radic-assay are given in figures &4 and 5.
The curves of the uptake of P52 demonstrate a characteristic pattern of

uptake for each species.,

1. Chara Braunii

The level of radiocactivity in the thallus when equlilibrium between
external and internal concentrations of the radionuclide iz estab-
lished was reached rapidly. The highest value of concentraiion of

radiophosphorus in the nplant body corresponds to 1200 » 10-6/uc/mg
ash weight,
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2a Seirpus acicularis.

The increase of the content of radiocactivity in the plant body
took place more slowly than in the preceeding species. But on
the second day of observation also this species had reached a
condition of equilibrium with the surrounding milieu. The highest
value of concentration of radiophosphorus in the plant body
corresponds to T6 16‘6 /uo/mg ash weight.,

B Callitriche verna.

The data obtained indicate a particularly rapid uptake of radio-
phosphorus. This plant presents some difficulties as object for
experiments of this kind, and that may be the cause of the greater
variance of individual measurements obtained for this species.,

The highest value of concentration of radiophosphorus in the plant
body corresponds to 526 16_6 /uc/mg ash weight.

4,  Alisma Plantago-aguatica,

This species differ from the others in the fact that it did not
reach the equilibrium condition during the experimental period.
The highest value of concentration of radiophosphorus in the plant
body corresponds to 33 e lcr6 /uc/mg ash weight.

Phospherus is closely related to the wvital growth processes and other
developmental functions of the plants. The supply of this element in
forms available as nutrient is very limited in the actual water. Evi-
dence indicates that phosphorus deficiency is a factor that must be
considered in the growth of hydrophytes in the river Nitelv. The rate
and amount of uptake of Pj2 during the experiment reflect +the high
demand for this element by each of the species. An interesting result
of the experiment is the demonstrated difference between the four specles
in their ability to concentrate Pje.

A comparison of the maximum concentration factors (definition see
page 15 )} obtained for the actual species is shown in the diagram
of figure 6. Chara Braunii and Callitriché verna concentrate P32 to a

high level, Alisma Plantage-aguatica and Scirpus acicularis to a lesser
degree,
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The morphological differences between the species consildered will

influence the rate of uptake. Alisma Plantago-aguatica has the growth

form of a typical helophyte, this may partly explain that equilibrium
state of phosphorus content was not reached during the exposure time.

Chara Braunii and Scirpus acicularis have the growth form of elodelds.

Callitriche verna, although a nymphaeid, was represented with sub-

merged specimens only. The three specles with an elodeidan growth

form reached the equilibrium state during approximately two days.

The physiclogical properties of the species, however, are more important
than morphological differences when the variation in maximum eoncentra-

tion factors is discussed.

The algae (represented by Chara Braunii) are known to have a parti-
cularly high content of minerals in their thalli (Baumeister 1958).

Our experiment shows that Chara Braunii in an exceptional degree has the
ability to concenirate Pja,

The process of osmoregulation by hydrophytes is an important factor to
consider when the apparently great species difference in uptake of radio~
nuclides is to be explained. The demonstration of the dissimilarity
between aquatic and terrestrial plants with respect to accumulation
phenomena are of interest in this connection (Pendleton et al. 1958).
Most likely great variations will be found between e.g. typical gpecies
of the eleocharetum sociation in the eulittoral zone and typical species
of the potametum sociation in the sublittoral zone. The result of our
experiment indicates that important progress can be made slong this line

of reascning.

The experience we have gained during our work with the cultivation of
organisms and the operation of the experimental facilities furnish a
good basis for advance in the irwestigation., Important parameters to be
given attention are the water velocity, the concentrations of radio-

nuctides in the water and the duration of exposure,
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2.3. Observations on Ancdonta cygnea

It has been a long esiablished Tact that molluscs possess an oute
standing ability to concentrate large quantities of radionuclides from
very dilute solutions of the elements. Several species of molluscs
have been used as objects for investigations of this phenomenon. An
example of the extraordinary values of concentration factors found
concerns Tridacna gigas, which is reported (Weiss 1957) to concentrate

0060. Radiocobalt was measured in the animal in quantities ten thousands

of times greater thar its concentration in sea-water.

The accumulation of radionuclides by lamellibranchiates inhabiting
inland waters have been studied in the field and in the laboratory

(Polikarpov 1960). Anodonta cygnea is reported to be used as object

for experiments (Timofeev - Resovskii 1961), and Unio sp. (Ravera, O.,
Ispra, Italy, personal communication). The use of molluses in experi-
ments on uptake of radioisotopes have several advantages, and interesting
findings have resulted from the work (Fretter 1953).

The species Anodonta cygnes is in the river Nitelv inhabiting the sub~

littoral zone. The biotopes showing the highest densities in population
are oulside the potametum soclation of macrovegetation. The scological
niche of the species ranks it among the highly important invertebrates
when food chain relations of the stream environment are considered. The
structural specialization of the feeding apparatus, which make the animal
deperdent upon a food supply filtered from the water, involves the pos-
sibility of a concentration of radisactivity to levels which are extreme

for organisms in aquatic communities. Anodonta cygnea represents an

organism of major interest when assessing the amounts of radiocontami-

nants which may be safely discharged to inland waters.

In comnection with the experiment on uptake of radicphosphorus by species
of macrovegetation in the recirculation channel July 5 - July 14, a series

of determinations of the uptake of this radionuclide by Anodonta cyznea

was performed., The specimens used were exposed to the radiocactive water
masses of the recirculation channel. The animals were kept in small
baskets. The preparation of the specimens collected for measurements

consisted of a dissecting and a partition of the animal in body and shell.
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The two fractions were applied to weight analysis (wet weight, dry
weight and ash weight were determined). The ash was used for measure-
ment of radiocactivity.

The data obtained from this examination are plotted in figure 7. The
marked accumulation of P32 is demonstrated. 7The level of radionuclide
concentration in the body was rapidly changing during the first two days
of the experimental period. Afterwards only a slow increase of radio-
activity in the animal body was observed. A steady state of uptake and
loss of Pje was not reached during the time of experiment., This pattern
of uptake is fairly in agreement with what is previously reported for
gastropods (Polikarpcv 1960), The highest value of coneentration of
radiophosphorus in the animal body corresponds to 376 ld"%/uc/mg ash
weight,

The values obtained from the determinations of the radiocactivity attached

to the shell fraction of Anodonta cygnea are of the order lO“Q)pe/mg

wet welght. L is reasonable to regard the movement of P32 from the water
to the shell as an effect of sorption phenomena. Particles of detritus,
microorganisms and the surface of the shell itself may have z share in
this result.

During the experimental work in the throughflow channels (see page 39 )
it was convenient to get additional information about the uptake of radio-

nuclides by Anodonta cygnea. Collections of animals were throughout each

experiment exposed to the contaminated water at the end of the actual

channel. Data obtained from tnis work are listed in table 1.

The conditions in the throughflow channels with respect to water veloeity
{approximately 4,4 em/sec.) and length of dosing time (approximately 15 min..
werg nearly identical during the experiments.

The results indicate that uptake of the various radionuclides under the
prevalling conditions is of little amount. The length of contamination
time is a limiting factor. An increase of the concentration of radic-

nuclides in the water has as a consequence an intensified uptake of the

actual element.
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Uptake of radionuclides by Anodonta cygnea
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Table

1

Water 5
/ue . 10 °/ml 4,0 9,2 9,2
Sr89 Body -5
Jue - 10" /g wet weight 1,1 0,8 1,1
Body -5
Jue 10 “/g ash weight 59 41 39
Water -5
e - 1077 /mi 39,3 12,2 45
Body
Ru106 ue s 10-5/g wet weight 0,4 0,8 1,3
/
Body 5
/ue 10 “/g ash weight & 1k 20
Water -5
Jue 10 “/ml 12,3 23,0 46,0
Bogy :
Tt Jue . 10'5/3 wet weight 0,9 2,4 4,2
Body _5
ue » 10 /g ash weight 5,3 89 184
/ 3
; Water 5
Jue 10 -/ml 1,5 3,0 6,0
Body -5
Ulnat.) | suc » 10 °/g wet weight 2,5 2,3 3,9
Body .5
Jac 1C “/g ash weight 156 152 352
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Further experiments with Anodonta cygnea will include a study of

uptake during longer itime of exposure.

The parameters, water velcelty and radionuclide concentration have
to be considerad.

SYNECOLOGICAL APPROACH

The current cbservations of the organism development and the changes of
communities in the model recipient formed the base for the experimental
investigation of this category. The taxonomic work in fauna and flora
analysis have been given considerable attention.

The observations and measurements in the throughflow channels during

the experiments tock aim at the description of the distribution and
uptake of radionuclides by the major species in the channel biota. It
has been regarded of much importance to record the accumulation of radio-
nuclides by the organisms in situ in their respective communities. Much
of our attention has been given to the uptake of radioactive substances
in the first trophic level, where the algae represent the important

entrance possibilities for transfer of radionuclides into the food chain.

The algal communities have been characterized by the following species

being in dominance:

1. Spirogyra ef. formosa (Transeau) Czurda.

Family Zysnematacesac.

Figure 8 and 2.

The species found in the throughflow channels had vegetative cells
84 - 94 /poox 56 - 247 L with plane end walls; 7 - 8 chromato-
phores, making 1,5 - 2 turns in the cell. Conjugating filaments

were not cbserved.

The diagnosis is close to that of Spirogyra formosa.
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Figure 8

Spirogyra cr. formosa

Sample taken from vege-
tation with almost single
species population

Figure 9

Spirogyra cf, formosa

Detail of thallus.
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3.
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Spirogyra cf. porticalis (Miller) Cleve.

Family Zygnemataceae.

Figure 10 and l1l.
The actual species had vegetative cells 40 - 52 Spx 48 - 134 /o
with plane end walls; 1 chromatophore, making 2 - 5 turns in the

cell. No conjugating fililaments were observed.

The diagnosis is close to that of Spirogyra porticalis,

Vaucheria De Candolle sp.

¥amily Vaucheriaceae.

Flgure 12.

The species growing in the throughflow chennel was a tubular
coenocyte with fairly abundant branching. The thallus was 48 -
101 /u broad. During the autumn akinetes developed, their dimern-
sions being approximately 160 x 240 M

Sexual reproduction did not take place, and no identification of

the speclies was possible.

Oedogonium Link sp.

FPamily Cedogoniaceac.

Figure 13.

The species found in the throughflow channels had unbranched
filaments of cylindrical cells with dimensions approximately
43:{100/12.

Only sterile specimens were found, and the identification of the

species was impossible.
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Figﬁge 10
Spirogggg cf. porticalis

Sample taken from an algsl
community dominated by this
species.

Figure 11

Spirogyra cf, porticalis

Detail of thallus.
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Vaucheria sp.

The specimens show the
typical akinetes at ends
of short laterals.

Figure 13

Oedogonium Sp.

Sample taken from algal com
munity dominated by this species.
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5. Fragilaria capucina var. mesolepta (Rabh.) Grun.

Family Fragilariacese.

Pigure 14 and 15.

The species collected from the throughflow channels demonstrated

the taxonomic characteristica described for Fragilaria capucine

var, mesolepta. Dimensions of the frustules 2,7 - 6,7 S 25 -

43 /u.

The communities of river biota in the throughflow channels develop-
ed satisfactorily, no transfer of organisms to these channels was
performed {Skulberg, 1961).

3.1 Observations of sorption phenomena in the mud-water interlace
of the bottom deposits.

The laboratory studles of sorption phenomena of radionuclides to sedi-
ments from the river Nitelv, and the experience gained in the model
recipient, demonstrate that when solutions of radionuclides are mixed
with the water, a significant portion of the radionuclides will be
assoclated with the suspended particles and on the bottom sediments.

The relationship between suspended particles in the water, the bottom
sediments and the organisms living in the environment with respect to
dispersion and concentration of radionmuclides, makes out an important
complex of the problems studied in the preseni research project. The
experiments carried out during the summer 1961 in the throughflow channels

in the experimental plant gave an opportunity to collect more information
about this topic.

The nature of the bottom sediments in the throughflow channels is the
same as in the river Nitelv. The mejor fraction of the deposits consists
of pleistocene clay. Decaying organic residues from pollutirg substances
in the water and from the channel biota constitute another important
fraction. The water-mud interface represents a stratum with characteris-

tic communities of organisms (bacteria, protozoans and algae are commnon) «
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ia capucina var. mesolepta

FPragilar

Habitus in living condition.
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Fi re 1

ina var, mesclepts

ila capuc

Fragilar

Detail of frustules showing the morpho-

logical characteristics of the species.

Preparated specimens.
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The sampling of mud for the laboratory treatment was conducted with
a giant pipette made by attaching a rubber_bulb to a plece of glass
tubing of suitable diameter and length. After the collecting, the
samples were applied to weight analysis; wet weight, dry weight and
ash weight being determined. The samples were used for measurements
of radicactivity.

One example of the results obtained in the throughflow channels is

plotted on the diagram in figure 16. The longitudinal variation of
radionuclide uptake in the mud-water interface is demonstrated. During
the experiments the water flow was 0,5 1/sec, The conceqtration of
radionuclides in the water was in the experiment with Sr89 2,2 » 1075/uc/m1,
and in the experiment with P2 5,8 « 107° /uc/ml. The dosing time re-
presented 15 minutes. The result was interpreted in the following way.

The inorganic component of the bottom deposits account for the major
uptake of the radicnuclides. The fact that the course of the curves is
similar for both radionuclides {with their very different biological
affinities) and the amount of the uptake, indicatesthis. The curves
demonstrate that the radionuclides were sorbed to the sediments in a
higher degree with increasing channel length. This reflects the importance

of the time of contact Tfor the sorption phenomenori.

Maximum concentration factors observed in the mud-water interface during
the experiments in the throughflow channels are diagrammatized in

figure 17. It is of interest to compare the obtained data with the
results from ocur laboratory experiments on sorption of radionuclides to
river sediments (Skulberg 1961}. In table 2 some of these results are
recapitulated. For better comparison the distribution coefficient Kd
has been calculated. The distribution coefficlent is defined as
(Sorathesn et al, 1960):

£ /M
K, = ==
d fs7§
where: fc = fraction of radicsctiviiy sorbed by sediments.
fs = f{raction of radiocactivity left in solution.
M = weight of sediment in grams.
v = volume of solution in millilitres.
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Table 2.

Sorption of radionuclides to river sediments

I  Sediments suspended in distilled water.

IT Sediments suspended in river water.

Radio- Contact | Per cent activity
nuclide Cencentration time sorbed Kd
Sr89 0,077 &/300 ml | 1 day 14,5 + 1,0 660
Ry 100 0+ 2,6 00
r | R 1 0,077 &/300 ml | 1 dey 59,0 £ 2, 53
! {
134 i
Cs 0,077 &/300 ml | 1 day 65,2 + 1,9 7300
32
P 0,077 &/300 m1l | 1 day 70,0 + 2,8 9100
89
Sr 9,077 /300 m1 | 1 day 14,0 + 1,6 630
_ 106
II{ Ru 0,077 &/300 ml | 1 day 15,0 + 1,2 680
134 !
Cs . 0,077 &/300 ml | 1 day 50,0 + 1,6 3900
From the data on sediment sorption it can be seen that the sediments
have a high sorption capacity for cesium and phosphorus, whereas the
sorption capacity for strontium and ruthenium is much lower, The con-
centration of radicnuclides in the samples of the bottom deposits of
the throughflow channels collected from the mud-water interface appears
to be in good agreement with these findings.
Z.2. Studies on uptake of some radionuclides by speeies of

the algal communities.

The organisms near the base of the food pyramid will be the [{irst ones
affected by radionuclides disposed to the enviromment. A major fraction
of the different radiocactive contaminants will be held by the organisms
which make up the primary trophic level (Davis et al 1958). The ability
of the organisms which constitute the bilotic mass in the first trophic

level to concentrate various radicnucliides is an important topic of re-
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search. The different factors affecting accumulation, e.g. quantity of
dissolved solids, percentage composition of different elements, pH, the
oxygen-carbondioxide ratio, biclogical relationships etc., have to be
given consideration. An approach to a more detalled knowledge about
biological implications of radicactive contamination of aguatic envirorn-
ments include intensified studies of the problems attached to the first
trophic level. The purpose of the experiments carried out in the model
recipient this summer was to obtain explieit information about the
result of processes involving uptake of radionuclides to major species

in algal compunities.

Several investigators have performed research on the problems connected
with uptake of radionuclides by algal species (e.g. Boroughs 1957,
Williams 1958, Steel 1954}, 1In the surveys accomplished in the recipients
of atomic energy facilities the algae represent a itype of environmental
media sampled for monitoring purposes (Lackey 1957). The results obtained
during these surveys are an imporitant contribution to the knowledge

about the uptake of radionuclides in the first trophic level (Krumholz
1954, Foster 1959), Still there is a lack of knowledge about what

esrtain envirommental factors, biotic and abictic, may imply with respect
to potential uptake and reconcentration of radionuclides by the species

of algal communities inhabiting inland waters.

The experiments in the model recipilent concerned with problems of this
kind were performed as short time exposure of the communities of algae
to low level concentrations of radiocnuclides. The facllitles of the
experimental plant has proved suitable for the purpose. The procedure
is briefly described here. The actual radionuclide was dosed to the
water at the starting point of the throughflow channel used for the
experiment. The movement of the radionuclide along the channel was
observed with a Geiger-Mliller counter of the "dip" type directly immersed
in the channel water. Samples of the water during the experiments were
collected for the precise determinetion of radicaetivity. Specific
materials e.g. major species in the algal communities, invertebrates

(& few collections only) and sediments from the mud-water interface were

sampled several places along the channel and were applied to radio~
chemical analyses,
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The experiments were carried out in order to determine the dispersion
of specific radionuclides in terms of media sampled., Information of
guantitative and gualitative nature of the radiocnuclide uptake was
obtained. From the variation of radicnuclide concentration in the
various media sampled, the removal of radionuclides from the water and

their uptake by the organisms were studied.

An example of the data obtained is plotted in figure 18. These parti-
cular experiments show the longitudinal variation of radionuclide uptake
in algal vegetation. During the expesriment the velocity of water was
approximately 4,4 cm/sec. The dosing time was 15 minutes and the con-
centration of P32 was approximately 5,8 « ld"s/uafml, and correspondingly

for Sr89

approximately 9,2 » 16“5 /uc/ml. The result is interpreted in

this way!: The metabelic essential phosphorus is eagerly taken up by the
algae, the concentration of the substance in the water is a relative more
important factor than the exposure time for the amount of uptake. Stron-
tium demonstrates quite another affinity to the algae, for this substance

the exposure time determines the course of the curve.

Strong species differences in ability to concentrate variocus radio-
nuclides were apparent among the algae. A summary of the resulis obtained
is given in table 3 and on the diagrams in figure 19 and 20. (Concerning
the level of radionuclide concentration in the water during the experiment
in the model recipient see data noted in table 1, page 27).

It is of interest to note that considerable differences prevall between
genera of the same class, as well as between species of the same genus.
Very little iz known about the physiologleal properties of filamentous

algae (Geitler 1959}, and & discussion of the metabolic relations the

values of concentration factors may reflect, is not possible at present.

The experimental investigation in the model recipient on the problems
related to uptzke of radionuclides by algal communities is an important
contribution of the present study. Among the various medls sampled for
environmental monitoring the sessile algae is recognized having many
advantages (Straub et al. 1959).
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Table 3

L

Values of concentration factors determined on

n

various species of algae and various radionuclides.

e

Species

Spirogyra cf.

Spircgyra cf,.

Pragilaria capucina

Cedogonium sp.

Vaucheria sp.

;adianucizag“‘wm\\. formosa porticalis var. mesolepta

32 maXe 246 148 %7 30 103
F mine 62 111 18 o8 63
maXe - l ] 6 - 5, 8 :_

Cslﬁ# min. - 1,2 - 5,1 -
89 maXs. 0’ 9 G; 9 - 2,8 -
106 | mexe 0,8 - - 0,4 i}
Ru Mine 0’ 1 - o 0, 2 -
131 mate 0,5 - - 2,4 .
X fmin. 0,1 - - 0,1 h
maX. 11 - - 47 -

Ugnat.) min. 6 - - 6 -
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The algae represent: several important entrance possibilities of radio-
nuclides into the food chain. To elucidate the order of magnitude of
uptake of radionuclides by the algal constituents in communities of the
Tirst trophic level is of primary interest.

Further aspects of work along theése lines under the research project

involve the influence of long exposure times. The water-clay-algae

interrelationship will be given attenilon.

REMABKS ON FURTHER PROGEESS OF THE BESEARCH PROJECT,

The results of the experimental work on the research project this summer
have revealed a base for further approach towards the accomplishment of
the present study. We have gained experience in operating the experi-
mental plant both with respect to the cultivation and maintenance of the
actual corganisms and the management of the practical problems involved
with experiments of ithis kind.

In connection with the investigations performed in the model recipient a
study of the selfpurification process and how this process influence the
decontamination of the water will be a fruiltful advance. For this purpose
it will be necessary to guantitate the resulis from the experiments.
Parameters to be used are! Rate of elimination, the guantity of radio-
active substance removed from the water per time unit. Specific elimi~
nation, the guantity of radicactive substance which is removed from the
water per time unit and weight unit of the organism. Elimination capacity,
the quantity of removed radicactive substance during the passége of water
through the channel. |

A few organisms representing the littoral and sublittoral zone possessing
different physiological properties (e.g. helephytes, nymphaeids and
elodeids) will be studied with respect to their ability to concentrate
radionuclides, Variations in concentration of radionuclide, water velo-

city and exposure time will be considered.
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The investigations on Anodonta cygnea will be directed toward its food

chain relations. & convenient procedure represents the uptake of radio-
nuciides to unicellular algae, and the transfer of the radionuclides to
the animal, The concentration resulting from this incorporation of
radionuclides from the lower trophic level, may be compared with the
concentration obtained when the radionuclides are administered directly
to the animal by the water.,

The problems related to radicecological implications of pollution by
radicactive wastes disposed to inland waters are many and of complex
nature. We believe that the informations obtained through the Inter-
national Atomic Energy Agency Research Contract No. 37 will be of interest
to this field of science.
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