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ABSTRACT 

The importance of direct absorption on 51Cr accumulation by three represen
tative species of freshwater zooplankton has been studied. Net uptake of 
trivalent 51Cr was rapid, but accumulation did not occur to a considerable 
extent. Most of the 51Cr accumulated by Cyclops abyssorum and Eudiapto-
tomus padanus had a half-life of only a few hours. These copepods when 
exposed to Chromate did not accumulate hexavalent 51Cr. The cladoceran 
Daphnia hyalina, which is veri sensitive to the toxic action of Chromate, 
accumulated only small amounts of 51Cr. 
It was concluded that the transfer of 51Cr from water to zooplankton should 
not play an important role in the radioactive contamination of aquatic food 
chains. 
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(°) 
ACCUMULATION AND RETENTION OP CHROMIUM-51 BY FRESHWATER ZOOPLANKTONv ' 

M.P. Baudouin and P. Sooppa 
Biology Group Ispra 

G.D. Research, Soienoe and Education, E.E.C. 

Corrosion of the cooling circuits of atomic reactors results in the 
presence of Cr in effluent coolant waters of nuclear plants (l). 
Therefore, aquatic environments may receive relatively large quanti-

51 ties of Cr (2). Very little is known of the physico-chemical forms 
51 of Cr in terrestrial waters (3-5)· The radionuclide is present in 

marine organisms (6-8) and may he concentrated to some extent by the 
hiota (9—12). The nature and the importance of the biological uptake 
of chromium in the freshwater environment has not been adequately in
vestigated. 
It was therefore of interest to acquire better information on the 

51 accumulation of Cr by a number of different species of freshwater 
organisms. This knowledge is very useful to evaluate the relative 

51 importance of Cr on the radioactive contamination of aquatic food 
chains and to establish whether accumulation from heterotrophic nu
trition or direct uptake from water is the principal pathway for 

51 accumulation of Cr. 
The present report is the contribution concerning direct absorption 
from water, accumulation and retention by some representative species 
of freshwater zooplankton. 

(°) Contribution N? 988 of the Biology Programme, Directorate 
General XII of the Commission of the European Communities. 
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MATERIALS AND METHODS 

All experiments were ca r r i ed out us ing water from Lake Monate 

(Lago di Monate), a lake of Northern I t a l y which has been ex

t e n s i v e l y s tudied for i t s ecological a spec t s (13 ) . 

Some physicochemical c h a r a c t e r i s t i c s of Lake Monate water a re 

the fol lowing: pH 7·0  7·1> conduc t iv i ty 75/uS, a l k a l i n i t y O.58 

meq/l , calcium O.46 meq/l , magnesium 0.20 meq/l , sodium + p o t a s 

sium 0.16 meq/ l , sulphate O.I8 meq/ l , ch lor ide O.O6 meq/l . 

Three of the most r ep re sen t a t i ve spec ies of f reshwater zoo

plankton were used: Eudiaptomus padanus padanus (Burkhard), 

Cyclops abyssorum prea lp inus ( E i n s l e ) , and Daphnia hya l ina 

(Leydig) . 

Plankton was co l l ec t ed from Lake Monate with a con ica l net 

having a mesh width of 88,urn and t r anspo r t ed to t h e l a b o r a t o r y 

wi th in 1 hour. Single zooplanktonic spec ies were i s o l a t e d as 

described elsewhere ( I 4 ) · Experimental animals were adul t i n d i 

v idua l s acclimated to t e s t condi t ions fo r 48 hours . 

The average s ize of copepods, i . e . the length of céphalothorax, 

was Ο.43 mm for Eudiaptomus and 0.62 mm for Cyclops. Mean s i z e 

of Daphnia, i>e · the d is tance between the top of t he head and 

the base of the she l l sp ine , was 1.27 mm . 

In experiments i n which dead animals were used, zooplankters 

had been k i l l e d by a r ap id exposure to the temperature of 50°C . 

Chromium51 l a b e l l e d chromic ch lor ide and sodium Chromate were 

purchased from Amersham Radiochemical Center . Spec i f ic a c t i v i t i e s 

i n the range 246276 mCi/mg Cr . 
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51 In aqueous solutions with high specific activity Cr—Chromate 
undergoes significant reduction upon storage (15)· Therefore, 
trivalent chromium impurity was removed (l6) immediately before 
the use of sodium Chromate. 

Observations on the behavior of trivalent chromic chloride and 
hexavalent sodium Chromate when added to Lake Monate water were 
made using methods originally developed in studies of chromium 
in seawater (10). 

51 Accumulation of Cr by zooplanktonic organisms was followed 
in parallel experiments in which 100-300 animals of each spe
cies were exposed to the radionuclide added to Lake Monate wa
ter prefiltered through 0.5/Um cellulose acetate. The volume 

51 of water employed was sufficiently large that changes in Cr 
content of the water from uptake by the animals were negligi
ble and therefore could not affect the apparent uptake rate. 
The radioactivity of water was measured at intervals through
out the exposure period. At the same times, a known number of 
living animals were collected, blotted on adsorbent paper and 

51 51 
counted for ' Cr radioactivity. The amount of Cr per gram 
wet weight of each zooplanktonic species was calculated from 
the number of animals using previously established relation
ships between length and weight (17-18). 

51 
The retention of Cr by copepods following uptake of the ra
dionuclide was observed by maintaining the animals in Lake Mo
nate water. At short time intervals, the water was changed and 
a known number of zooplanktonic organisms were counted for their 
51 
Cr radioactivity. 
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Uptake and r e l e a s e expe r imen t s were c a r r i e d out i n c o n t a i n e r s 

immersed i n w a t e r b a t h s t h e r m o s t a t e d a t t h e r e q u i r e d t e m p e r a 

t u r e w i t h i n 0 .5°C . 

To avo id chromium a d s o r p t i o n o r chemica l i n t e r a c t i o n s w i t h f o o d , 

t h e an ima l s were f a s t e d du r ing t h e e x p e r i m e n t s . 

There was no a r t i f i c i a l a e r a t i o n b e c a u s e a i r b u b b l i n g makes 

Daphnia come t o t h e w a t e r ' s s u r f a c e (14) and f a v o u r s t h e o x i 

d a t i o n of t r i v a l e n t chromium ( 5 ) · 

Wide spectrum f l u o r e s c e n t t u b e s p r o v i d e d l i g h t of a p p r o x i m a t e l y 

70 l u x . L igh t was a u t o m a t i c a l l y c o n t r o l l e d and t h e d a i l y p h o t o p e r i o d 

was of 12 h o u r s . 

The use of a l a r g e volume of w a t e r i n r e l a t i o n t o t h e number of 

an ima l s p r e v e n t e d oxygen d e p l e t i o n and minimized a l t e r a t i o n s of 

w a t e r q u a l i t y caused by m e t a b o l i c a c t i v i t i e s of z o o p l a n k t o n i c 

o r g a n i s m s . D i s so lved oxygen, pH and c o n d u c t i v i t y d i d n o t show 

any s i g n i f i c a n t change a t t h e end of t h e t e s t p e r i o d s . 

51 A l l Cr d e t e r m i n a t i o n s were made u s i n g a N a l - T l a c t i v a t e d w e l l 

s c i n t i l l a t i o n d e t e c t o r coupled w i t h an I n t e r t e c h n i q u e gamma s p e c 

t r o m e t e r . When needed, t h e d a t a were c o r r e c t e d f o r t h e low c o u n t 

i n g e f f i c i e n c y of t h e s c i n t i l l a t i o n d e t e c t o r and f o r t h e p h y s i c a l 

decay of t h e i s o t o p e . 

RESULTS AND DISCUSSION 

Although chromium can e x i s t i n a number of v a l e n c e s t a t e s , o n l y 

t r i v a l e n t and h e x a v a l e n t forms can be c o n s i d e r e d a s i m p o r t a n t , b e 

cause t h e y a r e t h e most s t a b l e under e n v i r o n m e n t a l c o n d i t i o n s . 

I n nati 

(3-5)· 

51 In na tu ra l wa te rs , Cr i s represented by severa l chemical spec ies 
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It could be partially removed from Columbia River water using 
membrane filters, chelating resins and both cation and anion 
exchange resins: the most part of chromium was present in anio
nic forms (3)· 
Therefore, both trivalent and hexavalent chromium were taken into 
consideration in our studies which consisted of different experi
ments directed to investigate: the behavior of chromium solutions 
when added to the test water, the uptake, accumulation and release 
by zooplanktonic organisms. 

Before adding solutions of trivalent chromium salts to natural 
waters it should be taken into consideration the very low solu-

-30 
bility product of chromic hydroxide, which is in the range of 10 . 
Therefore, in pure water at pH 7·0, the highest theoretical concen-

— 9 tration of chromic ions is 10 M , i.e. approximately 0.05/Ug Cr/l . 
Despite trivalent chromium can form a large number of soluble hexa— 
coordinate complexes with various ions and molecules, including wa
ter, in experiments with natural waters having neutral or subalkali-
ne pH values, a particular care should be exerted to use chromium 
concentrations which are compatible with the solubility product of 
chromic hydroxide. 
In our studies, chromic chloride was added to Lake Monate water, 
where Cr (aq.) and Cr(OH) are among the chemical species likely 
to exist. 

51 Preliminary observations were made on the behavior of CrCI when 
added to the test water. When Lake Monate water had been prefilte— 
red through an eterlon net having a mesh width of 88 ,urn, the addi
tion of a chromic chloride solution resulted in a rapid change and 
a loss of radioactivity from the lake water, probably from the for
mation of colloidal chromic hydroxide and its adsorption to the walle 
of the container. There appeared to be also formation of filterable 



r ad ioac t ive p a r t i c l e s , due to p r e c i p i t a t i o n and/or adsorpt ion on 

suspended ma te r i a l s (Table I ) . The amount of f i l t e r a b l e r a d i o a c t i -
51 

v i t y increased with time and at 22 h r s about 90$ of the " Cr r a d i o 
a c t i v i t y remaining i n the water was i n t h i s form. No s i g n i f i c a n t 
change occurred a f t e r t h a t t ime. 

The rap id disappearence of t r i v a l e n t chromium from water i n d i c a t e d 

tha t adsorpt ion to g l a s s wal ls was respons ib le fo r the l o s s of appro

ximately 30$ of the i n i t i a l r a d i o a c t i v i t y . However, the remaining 
SI 
Cr was not in solution but for the most part in filterable forms. 

Further experiments carried out on Lake Monate water prefiltered 
through a 0.5/um cellulose acetate filter provided further informa
tion on the behavior of trivalent chromium when added to the test 
water. In the absence of suspended material, the loss of radioacti
vity from water was higher and increased continuously with time (Ta
ble II). Approximately 40% of the initial radioactivity remained in 
the water after 22 hrs. Filterable radioactive particles accounted 51 for a small percentage of Cr. However, their contribution increased 
progressively with time, reaching 10$ after 48 hrs. A comparison with 
the results obtained on lake water prefiltered through 88,um shows 
that the formation of radioactive filterable particles is mainly due 

51 to adsorption of Cr on suspended materials. However, when trivalent 
chromium is added to lake water free of suspended matter, a relevant 
fraction of the radionuclide is lost by adsorption to the glass walls 
of the container. 
These results showed the shortcomings encountered in the evaluation 
of experimental data obtained in studies in which radioactive solu
tions of trivalent chromium salts are added to natural waters having 
approximately neutral pH values. 
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Several series of experiments were made to observe the accumula— 
51 tion of Cr by three species of zooplanktonic organisms when 

the radionuclide was added to Lake Monate water in the form of 
a solution of chromic chloride. Some representative results 
are shown in Table III. It can be seen that the radioactivity of 
water decreased progressively with time. Since the volume of water 

51 was sufficiently large that changes in the Cr content of the wt— 
ter from uptake by zooplanktonic organisms should be considered as 
negligible, these losses of water radioactivity were due to adsorp-

51 tion of Cr, probably as colloidal chromic hydroxide, to the glass 
walls of the containers. If we take the ratio of radioactivities as 
an apparent index of the accumulation process, it oan be argued that 

51 the accumulation of trivalent Cr occurs rapidly, the concentration 
of the radionuclide in the animals exceeding that in the test water 
in less than 30 minutes. Accumulation took place initially at a 
fast rate and there was a remarkable reduction in the accumulation 
rate after approximately 8 hours. At the end of the 16 hours of 
observation, accumulation occurred at a very slow rate showing 
that under the conditions of the laboratory tests a great length 
of time would be required to reach isotopie equilibrium conditions. 
Since temperature may have a considerable influence on the uptake 
of radionuclides, other series of experiments were carried out 
increasing water temperature to 15°C. The results, presented in 
the lower part of Table III, show that both apparent uptake rate 
and accumulation were higher than those observed at 10°C. It was 
impossible to ascertain whether biological, chemical or physical 
factors have the main influence on these changes. 

51 Accumulation of trivalent Cr by dead zooplanktonic organisms was 
very low, the radioactivity ratios being less than 5· Therefore, it 

51 could be deduced that accumulation of Cr was dependent on the bio 
logical activity of the animals. However, taking into account the 
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51 small amounts of ' Cr accumulated by some species of zooplankton, 
surface adsorption may be responsible for a significant percentage 
of the total radioactivity of the animals. This is the case of Cy
clops, in which dead animals accumulated up to 30% of the trivalent 
chromium radioactivity taken up by living organisms. This percenta
ge falls to less than 10$ in Daphnia and to 3$ in Eudiaptomus. 

51 
If the observed uptake of Cr was mainly a passive process, varia
tions of chromium concentration in the test water should result in 
a marked influence on the accumulation of chromium by zooplanktonic 
organisms. To clarify this important point, accumulation should ha
ve been studied increasing by at least one order of magnitude the 
concentration of chromium in the water. As mentioned earlier, such 
an increase in the concentration of trivalent chromium in our test 
water would result in the formation of chromic hydroxide in colloidal 
and preoipitated forms. Therefore, a comparison between experiments 
carried out with largely different amounts of chromic chloride added 
to Lake Monate water could be misleading. In fact, the amounts of 
chromium added to one liter of water do not represent the actual 
concentrations of chromium in solution. Taking into account this 
fundamental limitation, labelled chromium chloride and stable chro
mium chloride carrier solutions were added to the test water and 51 experiments on the accumulation of Cr by zooplanktonic organisms 
were performed. In the three species examined the calculated amounts 
of total chromium taken up by the animals increased almost proportio
nally to the apparent chromium concentration in the water, also when 
chromic chloride was added in amounts corresponding to 400 <ug Cr/l · 

This means that chromium uptake is a passive process, independent 
of the ionic concentration of trivalent chromium in water, but 
related to other physico-chemical forms of chromium, such as colloidal 
chromic hydroxide which can be bound with or within the organism. 
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51 Two series of observations were made of the release of Cr by 
copepods following uptake of the radionuclide in the trivalent 
form. Similar experiments were not performed on Daphnia because 
of its superficial characteristics. 

51 The percentage of Cr radioactivity remaining at different periods 
of time after exposure to non-radioactive Lake Monate water are 
shown in Figure 1 for Eudiaptomus and in Figure 2 for Cyclops. 
It can be seen that in both zooplanktonic species the release of 
51 
Cr occurred at a very rapid rate, but a certain amount accounting 

for approximately 10$ of the initial radioactivity was retained 
more firmly. 51 These results showed that in copepods Cr was present in at least 
two different compartments each having a different type of binding 

51 with or within the organism. The most part of Cr radioactivity 
was released very rapidly, suggesting a weak binding to the body 
surfaces. 

In natural waters well oxygenated and having alkaline pH values, 
the thermodynamically stable form of chromium is the Chromate ion. 
However, when the redox potential is decreased and the pH goes be
low 8, the formation of trivalent chromium is favoured. 

51 A purified solution of hexavalent ' Cr, in the form of sodium 
Chromate, was added to Lake Monate water in the same conditions 
used in the case of trivalent chromic chloride. A true solution 
was obtained and there was practically neither adsorption to the 
walls of the container nor formation of radioactive filterable 
particles, even after 144 hours (Tables I and II). 
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Therefore, in the case of hexavalent chromium, studies on the up
take and accumulation by zooplankton will not be affected by the 
serious limitations encountered in the experiments with trivalent 
chromium. 
However, when radioactive sodium Chromate was added to Lake Monate 
water containing zooplanktonic organisms, water radioactivity de
creased to approximately 90$ of its initial value at the end of the 
observation period (Table IV). Probably hexavalent chromium had been 
partially reduced as a consequence of the chemical environment and/or 
of the metabolic activities of zooplanktonic organisms. 
In contrast to the results obtained with trivalent chromium, both 

51 copepods did not accumulate ' Cr-Chromate to a considerable extent. 
The uptake of hexavalent chromium by the cladoceran Daphnia was ve-

51 ry rapid, more than 80$ of the ' Cr accumulated at the end of the 
observation period being already in the animals after a 4—hour expo
sure. 
An increase of water temperature to 15°C resulted in minimal changes 
in the cases of Eudiaptomus and Cyclops, whereas uptake rate and accu
mulation were strongly increased in Daphnia. 
Other experiments were carried out on zooplanktonic organisms which 
had been killed by a rapid exposure to the temperature of 50°C. Accu
mulation of hexavalent chromium was negligible and no significant dif
ference was observed between the three planktonic species taken into 
consideration. 
Increasing the concentration of sodium Chromate in the test water 

51 resulted in higher accumulation of Cr by the animals. A passive 
uptake and an accumulation from a binding of the chromium within 
the organism, probably after reduction to the trivalent form, could 
have been expected in view of the results obtained from acute toxi
city studies (19)· 
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Median l e t h a l c o n c e n t r a t i o n s of h e x a v a l e n t chromium f o r a 48 -hour 

exposure a r e : 0 .022 mg C r / l f o r Daphnia, 1 0 . 1 mg C r / l f o r E u d i a p t o 

mus, and 10 .0 mg C r / l f o r Cyc lops . The shape of t h e t o x i c i t y c u r v e s 

( F i g u r e 3) s u g g e s t s t h a t a p a s s i v e up t ake i s i n v o l v e d . F u r t h e r m o r e , 

t h e h igh s e n s i t i v i t y of Daphnia t o Chromate i s i n good agreement 

w i t h t h e o b s e r v a t i o n t h a t on ly t h i s s p e c i e s accumula ted h e x a v a l e n t 

chromium t o an a p p r e c i a b l e e x t e n t . 
51 F u r t h e r s t u d i e s on t h e r e l e a s e of t h e Cr accumula ted from t e s t 

w a t e r c o n t a i n i n g sodium Chromate were not p o s s i b l e . I n t h e case of 

copepods , t h e amounts accumula ted were t oo s m a l l . For Daphnia, a s 

a l r e a d y ment ioned b e f o r e , t h i s t y p e of e x p e r i m e n t s r e q u i r i n g f r e 

quent w a t e r changes cannot be e a s i l y per formed because of t h e su 

p e r f i c i a l c h a r a c t e r i s t i c s of t h i s c l a d o c e r a n . 

CONCLUSIONS 

51 
1) The addition to Lake Monate water of Cr in the form of a solution 

of chromic chloride results in the formation of radioactive particles 
51 and adsorption of ' Cr to the walls of the container (Figure 4)· 

51 When Cr was added as sodium Chromate, a true solution was obtained: 
neither formation of radioactive particles nor adsorption occurred. 

51 
2) Accumulation of trivalent ' Cr by zooplanktonic organisms occurs 

rapidly, but a great length of time is required to reach equilibrium 
51 

conditions (Figure 5)· The amounts of Cr accumulated are not rele
vant: radioactivity ratios being approximately 80 for Eudiaptomus, 
40 for Daphnia, and I5 for Cyclops. From measurements of the rate 

51 of loss of Cr accumulated by copepods, it is apparent that the 
radionuclide was present in at least two compartments, each having 
a different type of binding with or within the animal (Tables V and VI), 

51 The most part of Cr is very weakly bound and therefore has a rapid 
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turnover r a t e . Only minor d i f ferences i n the r e t e n t i o n of t r i v a l e n t 
51 
Cr were observed between the two species taken into consideration 

for such experiments. 

51 
3) Hexavalent ' Cr is accumulated to a very limited extent by copepods: 

radioactivity ratios are approximately 4 for Eudiaptomus and 6 for 
Cyclops. Uptake by the cladoceran Daphnia is higher, the radioacti
vity ratio being 20 at 10°C and 35 at 15°C. (Figure 6). In good agree
ment with these results, Daphnia is very sensitive to the toxic action 
of Chromate, whereas cladocerans are rather resistant. The regular 
shape of toxicity curves suggests that a passive process is involved 
in the uptake. A similar type of uptake of Chromate has been observed 
for fish (20). 

4) Too little is known of the physico-chemical forms of chromium in the 
aquatic environment and therefore at present it is impossible to ob
tain reliable numerical values indicating the extent of biological 
concentration processes. However, the small amounts of chromium ac
cumulated by zooplankton and present mainly in a compartment with a 
very short half-life indicate that the transfer of this radionuclide 
from water to zooplankton should not play an important role in the 
radioactive contamination of aquatic food chains. 
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T A B L E 

MULTIPLE COMPONENT RETENTION OF CHROMIUM-51 BY EUDIAPTOMUS PADANUS FOLLOWING 
A 48-HOUR EXPOSURE TO CHROMIC CHLORIDE ( 0 . 0 5 , u g / l ) IN LAKE MONATE WATER 

FAST COMPONENT 
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B i o l o g i c a l 
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(days) 
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O0O665 

SLOW COMPONENT 
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amount 

(*) 

14 

Rate 
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(days) 
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T A B L E VI 

MULTIPLE COMPONENT RETENTION OF CHROMIUM-5I BY CYCLOPS ABYSSORUM FOLLOWING 
A 48-HOUR EXPOSURE TO CHROMIC CHLORIDE ( 0 . 0 5 , u g / l ) IN LAKE MONATE WATER 
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