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INTRODUCTION

Freshwater species of the phylum Mollusca have for a long time
been recognized as useful indicators for radioactive contamination of
inland recipients. But the knowledge about their ability to concentrate

- specific radionuclides is based on limited experimentzl investigations
only. The information svailable has come from a number of sources,
includiog studies of contaminated” water courses — NELSON (1962),
environmental measurements of natural and fall-out radioactivity —
RaveEra et al. (1961), and aquaria experiments under laboratory
conditions ~ PoLigkarpov (1960). The laboratory investigations have
been performed with a few species only, and a very restricred selection
of radionuclides. :

It was considered of interest to study the accumuletion of radio-
nuclides by a freshwater Jamellibranch under conditions such that the

-environmental factors and the organism interacted in approximately

.the same way as in nature.

. During an experimental investigation on biocaccumulation and
transfer of some radionuclides among a few components of freshwater
communities, we had the opportunity to do a field experiment on the

*} This work was performed under International Atomic Energy Agency
Research Contract No. 37.
Received January 24th, 1964.
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responsc of Arnodonra piocin
mens of Anodoria pirernals
mately consiant concenirations of tonuckides phosphorus 32,
cesium 137, struntivm 89, cerivm 148 end zirconivm 95 - niobium 95,
In addiyion, ruthenivm 103 was inwoduced into the system during
the last 55 days of the experimenial period.

A model recipient through which flowed water pumped from
nearby nver, provided a bioiore for Arodoma prscinalis with the
following properues: Water of the same chemical quaiity and with
matnly the same reraperature variations as that in the river, a natural
food supply for the izst anirnzls and exposure to selected radio-
nuclides at controlled concentrations. Thus it was possible 1o
describe the bicaccumulation of the radionuchdes together with the
conditions under which it occurrad.

NILSSON 1o six racdionuelides. Speci-
: sed 1or 125 days 1o approxi-

THE GENERAL PROBLEM

The ratio of the concentration of an element in the organism 1o the
concentration in the environmen: is an expression of the possible
accumulation factor for the radicsctive element. Our knowledge of
the elementary composition of rmeliuscs is unfortenately very slighe
at the present time. VINOGRADOV states that the amalyses are less
complete than for other groups of aroanisms 11953, p. 271). Quanti-
tative data are elmost absent for lamellibranchs, and the scanty
information found in Literarcre s rather old. Modern 1avestigations -
of the mineral metabolismn of Tarzelibranchs have centered aronnd
physiclogical aspects of osmo dation and shell formaticn (for
references sce MoORTON 1938, Jonzzy ot al, 1955, KApo 1960).

It is known thar centain elements are found in rermarkably high
concentrations in Aredomra. THis apples to phosphorus — Kapo
(1960, p. 172), manganese — VisoGRADOV (1953, p. 325) and the
materials of which therr valves are consorucred. Almost nothing is
known about the mineral compoesivion in relation to individual devel-
opment, environmenial conditions and seasonal variarion.

Species of the genus Arodorra are ciliary feeders and live on
suspensions or deposizs. The ool is taken from the particie fraction
of the surrounding water without selecton or discrirnination. Filrering
is very efficient, and it is reported that seston down to 1 i in size can
be retained by their filiering organs -~ MorTox {1938, p. 77). The
animal is permeable to warer ané vucretes a dilute urine, A high daily
water flux through the body has besn demonsirared experimentally.
There are varying esnmates in the literamre of the daily quanzity of
urine excreted. Prossir et el (1961, p. 25 swte that the urine

152



-amounts 1o 50%, of the body volume per day. Picrex (1937, p. 28)
_showed that with the pericardium experimentally opencd Anodonta
-cygnea at 18°C excreted approximately six tmes its own weight of
~water In one day. The last mentioned author calculated that
sthe weight of salt ingested in the form of algae in one day was
-approximately 1.25 . 10—2 g, thealgal matter being removed from 214
iters of water by filtration. .

The valves of lamellibranchs are composed of about 999, CaCOQ,,
»Of the three distinet layers of the shell, the periosiracam is organic
-in nature and has a protective function. The building materials for
-the valves are taken both from particulate food and from dissolved
smatter in the water. Recent physiological investigarions using Ca?s
‘and Sr* show that, while these elements are taken np rapidly from
~the gut and distributed by the bloed, they may also be taken directly
from the water by the manmile cells and used for shell formation —
BEVELANDER (1952), FRrETTER (1953), Rao et al. (1954), and Kapo
(1960). '

7 These, and other ecological and physiological characteristics of
freshwater Jamellibranchs have drawn attention to thei possible use
as effective indicators of radioactive contamination in recipients of
wastes front atomic energy establishments — BErgG er al. (1961), NEL-
-soN (1962). The lamellibranchs are sedentary members of the bottom
community, and, belonging to the group of organisms known as
‘integrating water samplers’ ~ NELSON (1962) - they are regarded as
environmental monitors which give a good deal of information about
the contamination of the recipient for a minimum amount of effort.
Transitory situations existing in the environment should be reflected
. in the radioactivity of the soft tissues. The valves, on the other hand, -
- should show a level of radicactivity which is the result of an accumu-
lation over a longer period of time. Both aspects are important in.
-monitoring programumes of contaminated 2quatic environments,

EXPERIMENTAL PROCEDURE

Introductory work with Anodonta piscinalis was carried out during
the summer of 1961, Determinations of the uptake of radiophosphorus
“Were made at intervals during ten days of condnuous exposure to the
isotope. In addition, short time exposure with several radionuclides
was tried. The experience gained from this work was used to advantage
-in the experiments here described, which were performed in the
period June 25th ~October 29th, 1962,




The modelrecipient

The experiment was conducrad in 2 model reciprznt. Two channels
made of cement-asbestos, each 120 m long and with a Cross-section
of 0.03 m?, were connuousiy charged with river water at one engd
(0.5 -+ 0.03 ;sec.). A discharge weir at the other end of the channels
kept the water deprh ar 0.10 m. A laver of pebbles was placed on the
bottom of cach channel, with a thickaess of zbout 3 cm. The modej
recipient has been operatad during the summer season {May—
October) for two. successive years. A complete description of the
model recipient and its function wiil be given in a separate paper
{GARDER et al., in preparation). L

d!

Ll

Theenvironmental conditions

The river from which the water used for the experiment was taken;
has its drainage area in a landscape of gneissic and plutonic rocks
covered chiefly with glacifiuvial and marine deposits of sand and cla ¥

Fapizl

Chemical and FHologteal characteriveics of the woarer wred Jor the experiment.

Chemnical data: ) . Biological data:

Plumatelia: fruticosa ALz
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“The water is somewhat polluted by drainsge water from cultivated
land and by sewage from populated areas. The chemical composition
of the water 1s given in Table L. The data listed in the wable represent
the results of measurements carried cut at monthly intervals during
two years. Daily observations of the compoenents involved demon-
strated that short time variations were of considerzble magnitude.
he water temperature was measured at dailv intervals during the
long term exposure of Anodonta piscinalis. The average temperature
values are given in Table II.

TapLe I1

Water temperatwere dara:

Perjod of 1962 “C
: .
June 25—August 6 bOIT
August 6——September 12 i3
September 12——0ctober 10 10
Octaber 10— Qctober 29 3

A layer of clayish sediments was formed in the channels after a few
months of operation. The sediment layer parily covered the pebbles,
especially in the first sections of the channels. The minera! component
of this bottom depesit was chiefly pleistocene marine clay transported
by the river water from the catchment area.

Communaities of river biota {see Table I )established themselvesin
the throughflow channels during the first summer of the operation.
Filamentous green algae together with a diverse diztom flora were
distinctive for the vegetation. The fauna was dominated by species of
crustaceans and insects. The communities were initiated by organisms
and diaspores transported with the river water. No organisms were
transplanted to the channel biotope except for the Jamellibranchs used
for the experiment.

The selected specimens of Anodonta piscinalis were introduced
tnto the last two sections of 2 m length at the end of each channel.
According to their sedentary nature, the test animals here partially
embedded themselves in the mud between the pebbles, aud showed
oaly a limited tendency o locomotion inside the boundaries of their
eavironment. Fig. 1 shows a section of a throughflow channel with a
specimen of the test animal. The anterior two-thirds of the animal lie
buried in the sediments between the pebbles at the bottom of the
channel. The dark areas with vegetation are algal communities
dominated by Spirogyra of. porticalis. -

The species used in the experiment was Anodonta precinalis NILS-
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Fig. 1. Specimen of Aredanra preconalis in the channel envirenment during
the experiment.

sox of the family Unionidae, order Eulamellibranchiata of the bivalve
Mollusca. The diagnosis was verified by JaN @x1axD at the Zoological
Laboratory of the University of €slo. Anodonra plscinalts NiLssoN
corresponds to Anodonta cygnea piscivalis NILSSON, EHRMANN {1933)
and Anodonra cygnea araiina (L.) o Anodonta piscinalis Nrzssoxd,
MANDAHL — BaRTH (1949). The intricate taxonomy of the species of
the family Unionidae is reflected in 1he diverse synonyms found in the
Lterature, :
A recent investigation — OKLaNn (1963), has furnished knowledge
on the population density, age distribution, growth and habitar of
Anodonta piscinalis N1isson in a cutrophic lake in southeastern
Norway. ' : .
Freshwater lamellibranchs previously used in experiments-on
bioaccumulation of radionuclides include o pictorum 1., BErG et
al. (1961) and Anodonra cygnea E.., TIMOFEEV -~ REsovskir er al
(1661). :
The specimens used for the present investigation were collected
from biotopes in a similar chemicad milieu o thar of the water used
for the experiment. All the test animals were of about the same size
andstage of growth. The animals wezein healthy condition thronghout
the whole of the experiment. The eircamstances to which they wers
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exposed for such a long period were apparently not karmful to their
growth or wellbeing.

“Weight relations of typical test animals are presented in Table 111,
Thirty-five specimens of the test 2nimals were used for the determi-
nations of dry weight and ash (for details, see p. 159). The resultis
given in Table IV. Wet weight determinations of molluscs are subject
uncertainty, the main error involved being the varying amount of
er and body fluid in the organism.

TaBLE ITI

Wet weig ht relations of typical test animals. The values indicate g.

Wet weight of Valves in per cent

est animai Valves _ Body of whole animal
25.59 9.56 16.03 37.3
26.24 9.00 17.24 - 34.4

| 28.30 11.14 S 1716 39.4
26.01 - 11.00 riez 38.4
2068 12.35 17.33 ¢ 417
20.76 9.77 i 19.99 32.8
26.82 - 12.00 17.82 40.2
30.96 10.15 20.81 327
31.13 12.58 18.55 45.6
32.21 . 8.69 | 2352 27.0
3432 1346 | 20.65 39.2
34.83 i3.14 21.69 37.8
35.94 15.11 { 2083 42.0
37.76 J16.35 2141 46.0
42.58 - 14.26 28.32 % 335

Tasre IV

'Dry weight and ash of body and v&!ves. Awerage of 33 specimens,

Dry weight in Ash in Ash in
per cent of wet per cent of wet | per cent of dry
weight weight [ weight
12 2.1 5 18
95 .90 = 95

Theradionuclides, radiochemical methods and
procedures - i

‘The radionuclides used in the experiments are listed in Table V.
Except for P#% all radionuclides are important fission products, with
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TagrLe VI

Concentrations in the channel water after addition of the radionuclides, The
values indicate 10—% pcjml,

Rad iunucl_i de _ { C;iiilﬁf&f}n %}EI;EES:%}
pa ‘ 2 58205
oo f 2 % 7.8 = 1.1
Cg1a7 l ) . 21+ 0.3
Celtt N l{ 6 i 6.0 = 1.0
Zevs [NBee i 2 1.2.402
Ruf ﬁﬁI V 4 . 7815

The test animals collected for measurements of radioacrivity were
first carefully cleaned of surface impurities by rubbing and washing
with water, and then dissected and the body and valves separated.
The muscles shutting the valves were cut wirth a scalpel introduced
between the hinge line. The mantle was cut away from its line of
attachment, and the soft parts were removed. The valves and the
body were immersed in water from the respective channel and
transported to the laboratory for radiochemical analysis. The two
sections were weighed, dried at 105°C and then ashed ar 450°C for
24 hours. s

Ru'® and Zr%/Nb* were determined by gamma-spectrometri¢
methods. P* was determined by beta-counting, subtracting the beta-
activity from Ru'® and Zr®/Nb®,

In the same way Cs'% and Cel* were determined by gamma-
spectrometric methods, and Sr® by beta-counting, subtracting the
beta-activity from Cs¥¥ and Celt,

The counting procedure was standardized by adding known
amounts of the radionuclides to inactive samples and counting,

Because of the very low activity in a few samples, Sr* and P* were
determined by the conventional radiochemical procedures recom-
mended by the Worrp HearLTH ORGANIZATION {1959).

Ywo animals were taken from each channel during the first three
day period of sampling. The double set of figares in Table VII,
concerning these days, represents the result of the radiochemical
analysis for each elernent. The scattering of the results was small,
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with few exceptjozv_:, and sebsequent dererminations were restricted
. only to one animsl from cech chanrel on every day of sampling.

5 During the experimerntal period a control channel was operated
j without dosing of radienzclides. Determinations of bachround
radioactivity as toial bera :2@' lstion were carried out at intervals,
Specimens of Anodenia prscinalis collected from this channel and
subjected to rad,oacnwzv T%SLICIBQ‘R[S, demonstrated that the
background radicscavity varied from 0.1-—4. 2. 1077 ucjmg ash
; weight for the body and from 0—3.6 . 107 ne/mg ash weight for the
j valves. Variations in backzround radxoacmrny were therefore of
negligible significance for the resulis obrained in the contaminated
chanrels, '
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Fig. 2. ACCUMULATION OF P32 iy ANODCONTA PISCINALIS




RESULTS

#Uptake is defined as the entry of jons into cells, tissues or organs by
any mechanism including adsorption. The net result of the processes
of uptake and loss of ions by the organism or irs different parts at a
given moment is in the following designated as accumulation.

s The accumulation of the six radioelements by Anodonta piscinalis
during the experimental period is Iisted in Tables VII and VIIL.
“After one month’s exposure the animals had rezched 2 level of
radioactivity both in body and valves which was maintained, with
slight fluctuations, during the rest of the experimental period. The
results concerning the individual radionuclides are commented below.

Phosphorus — 32.

:The data obtained are plotted in fig. 2. The level of radionuclide
concentration fluctuared rapidly both in the body and the valves
during the first days of exposure. Subsequently, a slow increase of
radioactivity in the two fractions was observed, and 2 steady state
was reached after 20-—30 days of exposure. The pattern of accumu-
lation during the remaining period was characterized bv some fluctu-
auons. High values observed during August-—September coincided
with high levels of radiozctivity from the other radionuclides.

-After the termination of radionuclide addition on the 105th day of
exposure, the level of P*2 remained high until the last days of obser~
vation, and no loss of the radioelement from the test animals was
observed. -

The maximum concentration of P* measured corresponds to
5855.107* uc/g ash weight of the body, and 5.6, 16— uc g ash weight
of the valves,

Strontium - 89

“The data obtained are presented diagrammartically in fig. 3. The
curves for the accumulation in the bedy and the valves lie closer
together for this element than for P*. Fluctuations of the accumu-
tation level did occur also after the first 30 days of exposure, The
high figures for the valves on the 34th and 76th day of exposure are
questionable and should be disregarded.

~The maximum concentration of the radioelement measured
corresponds to 933 . 10— ucfg ash weight of the body, and 7.0. 10—*
#efg ash weight of the valves.
Cesium -~ 137,
With reference to the figures presented in Tables VII and VIII it
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18 seen that the 2

‘ oelerzent reached a uniform
level more rapidly 1o t=e ¢ 23 thex inthe valves. The concentration
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of the valves.

Cerium ~ 144,

281.107* uc/g ash weight of the body, and 9.5. 10— uc,g ash weight

“The accumulation of this element is comparable to that of cesium

~"137. Fluctuations of the level in the valves were only slight when
steady state conditions bad been established. The accumulation level
in the body was highest from the 76th to the 90th day of exposure,

TasrLe VEIT

Ar:cumularwn of radionuclides in the valwes of Anodonza piscinalis.
Each valuz refers 1o the an&ﬂys:s of one specimen,

; 1962' Days of Ra41oam1wmy po. 10— per ¢ wer weight B
exposuse Pz Sre* Cgl® ItE Celtt E_Zﬁstb” Ryplos
2 <001 <0l <01] <01 < 0.1
June 4 o - _ _ . -
6 _— J— J— s -
R J— —_ p— Pu— JR—
Jui i5 —_ 4.9 - ] —
wy 22 1.2 5.0 1.8 511 04
27 — 1.6 15 81 18
34 2.0 11.1 0.9 — | —_—
, 41 4.3 3.3 0.9 —
e 48 1.5 4.6 16 — i.
Angust 55 — i 64 —
61 —_ 29 - - -
RS 76 2.6 13.8 8.6 5.1 18 (<1
September 82 5.1 2.7 5.5 — — il
sl 90 — 1.9 . 3.7 s 31 | <1
25 {1
1.2 15 <1
October 110 i.5 3.2 8.4 — 14 <1
: 114 —_— 1.3 ¢ 6.3 —_ 1.2 1<}
118 38 — e — 0.4 1 <1
124 _— — 3.1 3.9 —_ <1

"} The addition of radienuclides was terminated on the 105th dav of the ex-

periment.

*) The 4th day with dosing of Rui®s,
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ie. the 4th day after the dosing of Ru™ was started. The accumu-
lation of this element differed markedly from that of the other radio-
nuclides investigatred. The concentration in the valves was so minute
that the radiochemmical method applied gave negative results, The
accumulation level in the body was more or less constant during the
eatire period of exposure. '
ke maximum concentration measured corresponds 1o 333, 10—
ucfg ash weight of the body.

- Mean values for the accumulaticn level of the radionuclides (except
for Ru*) during the period of steady state conditions are given in
Table IX. The figures are calculated on basis of the whole animal,

using data from the 34th day of exposure to the end of the radio-
nuclide addition.

—

TasLE IX

Aceumulation level during steady srate conditions, Values for radioactivity indi-
cate pc. 18+ per gram wet weight of the whole animal.

Is ' Number of Mean Standard

sotope observations value deviation
pee 9 29.8 3.1
Sr*? ] 8.0, 08
Cgta g 3.5 0.3
Celtt 9 7.5 1.1
Lt NS 9 1.6 0.2

DISCUSSION

< The response of Anodonta piscinalis to prolonged exposure to
approximately constant concentrations of radionuclides was an
accumulation of the radionuclides both in the body and the valves of
the test animal. The course of accumulation may be divided into two -
phases: Firstly, a steady increase of radioactivity over several days,
and secondly, a steady state condition with respect ro uptake and loss
of the radionuclide resulting in a level of fluctuating accurulation
with seasonal and physiological circumstances. The ratios of internal
o external concentrations of particular radionuclides are variable,
and can be understood only when considered in relation 1o the
complicated series of factors on which they depend. . _

The present investigation indicates that there are marked variations
of radionuclide accumulation in the body of Anodonta piscinalis
depending upon the time of sampling. Most probably these fluctu-
ations are the results of seasonal changes in the environmental
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conditions and periodic

development and growth of the test e 5. Toe three radionuclide
with the hizhest aff iy for of the animal ——P% Spee and

: 1

Ce'™) showed maxinmum accumulation during 1hs fast days of Augus
and the morh of September. No direct correlation with importan
milicu factors in the water was ascertained, Possible variations due 1o
season have to be kept in mind when messursiments of radioactivity
in the body of lamellibranchs are used for the evaluation of recipiens
contamination,

The valves of freshwater lamellibranchs have been claimed to have
the properties required of 2n indicator of lona term contaminatior

Lig,

L
with radionuclides. Particulariv should thev be excellent Organising
for studying the leng term comamination of recipients with Sr*.
According ro Nersox (1962, p. 38 “The shell is deposited in disting
annual lavers which are net subiect o subsequent metabolism:
conscquenily, the shell represents a history of the deposition of
stroatium’. :

However, the levels of accumulstion in the valves of Ancdona
prscinalis were found to vary during the 125 davs exposure of the
animals to the concentrations of radionuckc icared. This obser-
vation gives occasion 1o refect upan the vse of “alves of freshwater
lamellibranchs as long torm indicaiers of rad onuchdes in contami-
nated watercourses. .

Although the metabolic turnover of & 15 in the valves of
freshwater lamellibranchs yu ¥ be slow, 1t must be taken into con-
sideration when the valves are intended for vse in the description of
long term contamination. The minerals in the yalves may constitute a
store of elements which can be denleted ender exceptional physio-
logical or environmenial condizons. '

A parallel example is the mobilization of minerals deposited in the
bones of vertebrates, Wirh regard o molluses WazLzs (1929) concludes
that the formation of valves oy Anodonta cvenea is a reversible
process. When the test animal lived on a dier peor in calcium, this
clement was drawn from the valves. Thus the valves represented a
calcium reserve for Anodonia cygrea. It 15 of interest to note that
there is an acconnt by Drgar {1939, of the well-regulated use of the
caleareous shell of Vemus merconaria for butfering the products of
glycolysis during periods of anzerobic merabolisi. Phenomena of
these kinds may influence the use of freshwarer lamellibranchs for
monitoging purposes, perhaps particulerly in waters oligotrophic
with respect to czlcinm and in climares wirl INTErs.

The phenomenon of valve corrosion has heen given little or oo
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attention in the literarre on the vse of lamellibrancis for moniroring

purposes. It is an old established fact thar valves of freshwater
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lamellibranchs are lable to corrosion. Several external agents are
responsible for this action. Corrosion of shells may be brought about
by mechanical, chemical or biotic factors, or a combination of these.
The ecological aspect of valve corrosion is described by WESENBERG-
Luxp (1937, p. 788). Of the more than a hundred specimens of
Anodonta piscinalis examined for the present mvesngauon ouly very
few showed no signs of valve corrosion. In environments such as those
described i this paper this factor may be a complication for the use
of Anodonta piscinalis as indicator of long term contamination with
low-level radioactive wastes.

= The practical use of freshwater lamellibranchs in monitoring
programmes of contaminated inland waters appears promising. But
there are complicating factors whose nature is only poorly understood
at present. Physiological studies on the mineral metabolism of the
lamellibranchs as related 1o development and varying environmental
conditions should be encouraged.
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SUMMARY

‘The present investigation has been concerned with the accumulation
of radionuclides by the freshwater Jamellibranch Anedonta piscinalis
NILssoN. Specimens of the animal were exposed for 125 days to
approximately constant concentrations of the radionuclides P2, Sr#,
GCs'¥, Cet* and Zr®/Nb%; in addition Ru was included among the
radionuclides for the last 55 days of the experiment. The investi-
gaton was conducted in a model recipient with environmental factors
similar to those existing in the animals’ biotope in nature.

“The accumulation of the radionuclides was measured in the body
and valves of the lamellibranch. The results indicate that an approxi-
mately constant level of radmacuvzty was reached after one month’s
exposure in these two parts of the animal. Subsequentiy the level of
radioactivity showed a fluctuating pattern which was ascribed to
seasonal and physiological changes. Accumulation of the radionuclides
in the test animals varied according to the following sequernce,
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