
1 U 9 Z "

ReporL Wo. IAEA - R - 3441-F

"I ITLt

Experiments on radionuclide accumulation by fishes from the
Angra Dos Reis region of Brazil

FINAL REPORT FOR THE PERIOD

1 May 1988 - Ib September 1988

AUTHOR(S)

3ean R.D. Guimaraes

INSTITUTE

Instituto de Radioprotecao G Dosimetria, IRD
Rio de Janeiro, Brazil

INTERNATIONAL ATOMIC ENERGY AGEMCY

DAIT. November 1988



FIKAL REPCRT

CONTRACT 3441/Rl/RB

EXPERIMENTS ON RADIONUCLIDE ACCUMULATION BY FISHES P-ROM THE ANGKA REGION

INSTITl1TO DE RADTOPROTEÇÀO E DOSTMETRIA/TRP

•> >-•' (,A JEAN R. D. GUTMARAES

PERIOD: 01/05/88 - 1Î/09/S8



A B S T R A C T

As part of a project on the behaviour of radionuclides released by the

Angra Nuclear Power Station in the marine environment, laboratory

experiments were performed to study Cesium and Cobalt accumulation by

juvenile groupers (Epinephelus sp.). The fishes were Kept in

60

aquariums equipped with gravel-bed filters, spiked with Co (4 |iCi/l)

and Cs (2 (iCi/1). Uptake was only via "Water the fishes being fed

only non — radioactive food during the 4 months of experiment.

Cesium accumulation in muscle was higher than in any other organ,

reaching bioaccumulation factors (BFs) of 5 (fresh weight basis).

Cobalt, in contrast was concentrated mostly in the liver (BF:1.3) gut

(BFrl.l) and skin and scales (BF.3.7xlO~ ). Cobalt BF in muscle tissue

was 7.5x10 , lower than any previously reported figure.Chromatography

with chelating resin on water at the beginning and end of the experiment

60
showed that cobalt had been completely converted from Cocl to non—

cationic forms, most probably through complexation with organic ligands,

mediated by the intense microbial activity of the filter bed. This

convertion apparently enhanced cobalt bioavailability since a second

experiment performed with this aged seawater yielded BFs for muscle

tissue higher by a factor of 2.5.



I M T R O D W C T J [ O W

The first Brazilian nuclear power plant was constructed at Angra dos Reis,

a coastal site at about umid-distance between the cities of Rio de Janeiro

and Sao Paulo (fig. 1). Unit-1 of the Angra site is Westinghouse PWR

reactor of 683 MW and has been operating intermitently since 1982.Units 2

and 3 are. Biblis type PWR=, presently under construction.

The main radiation exposure pathways due to the liquid efluents of Unit-1

are fish ingestion and irradiation by-sediments, both due mainly to cesium

and cobalt isotopes (1).

Despite the potential radiological importance o£ fish consumption, dose

calculations are routinely performed with fish CFs taken from the litera

ture (3), and only one study (2) has focused on radionuclide accumulation

by local fish species, determining in-situ concentration factors for Cs

and Co by Micropogonias furnieri, a local corvine species. In the present
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study, radiotracer experiments were performed to observe Cs and Co

accumulation by Epinephelus sp. (grouper) a local sedentary fish of economic

importance. Concentration factors as well as the corporal distribution of

both radionuclides were determined for uptake via water alone.The influence

on CFs of changes in cobalt physico-chemical form was also verified.

MATERIALS AND METHODS

Juvenile grouper specimens (15-20cm) were line-fished in the Angra region

and transported in aerated local seawater. Seawater from the same site was

collected in acid-washed polietylene carboys, Millipore filtered and kept

at room temperature until its use in the experiments. These were performed

in 150 liter glass aquariums, the water being constantly aerated and passeci

through a gravel filter bed. Salinity was 34% and temperature 22 + 2 C.



For each experiment three individuals were introduced in the aquariuus,

separated by plastic screens and regularly fed non-radioactive live and

137 60
non-living food. Cs and Co, supplied by Amersham, were added

together in chlorid form, at 2 and 4 |iCi/l, respectively.

Accumulation was allowed for 4 month and the fishes were then dissected

and composed samples of their main organs were prepared for the

determination of Cs and Co CFs and oprporal distribution. Radioactivity

measurements of fish and Millipore-filfered seawater samples were

performed on a 2" x 21' NaI well-type scintilation detector linked to

a single-channel analyser. The counting- error was 1%.

Whole-body -spectrometry was tried in order to follow tracer uptake,

without success. The anaesthetic procedure involving the use of quinaldine

was highly stressing to the fishes, which would die in less than 30s.

at'quinaldine concentrations recomended for marine fishes (4,5), lower

concentrations being not sufficiently effective.

The occurence of changes in the physico-chemical form of cobalt during

the experiment were verified by water chromatography, using a chelating

resin (Dowex A-I, 50-100 mesh Na form) packed a 15xl00mm column. The

column was previously equilibrated with unlabelled Millipore-filtered

seawater. One liter samples of aquarium water, taken at the beginning

and end of the experiment were passed through the column at 1-2 tnl/min.

Elution was made with 3N HNO .

RESULTS AND DISCUSSION

The distribution of radionuclides among the main organs is described in

137
table 1 and figure 2. Cs was mostly accumulated by muscle, skin and

scales, and stomach and gills. The accumulation of Cs in bones was

very low when compared to other organs. The whole-body Cs CF of 3



and 5 for muscle are in the lower range of values found by other authors

137

in comparable experiments. Kimura (6) obtained a CF of 4.2 for Cs

uptake from water and a similar corporal distribution in the common goby

(Acanthogobius flavimanus), except for bones, which accumulated nearly as

munch Cs per unit-weight as muscle tissue. Hewett and Jefferies (7) also
137

observed much higher relative accumulation of Cs in the bones of an

other marine teleot (Pleuronectes platessa) tnan in the present work.

Kamel and Godoy (2) found a CF of 41 for stable Cs in muscle of corvine

from the Angra region. Meyer and Ducousso (8) observed in field study of

Cs in reef fishes at Tomuatu atoll a CF of 260 for adult Epinephelus

and 83 for juveniles, and suggest that food-habits may explain this

difference CFs obtained in field studies represent steady state

conditions, attained by both water and food uptake. Therefore the

observations of Meyer and Ducousso (8) and the higher CFs obtained in
m

field studies (2,8,9,10) when compared to the present work suggest that

the importance of dietary intake in Cs accumulation by Epinephelus may

be higher than found by Hewett and Jefferies (7) and Kimura (6) for

other teleots, where food and water uptake pathways had aproximately the

same importance. This nutter deserves further study through field experiments

to confirm if the two common Epinephelus species in the Angra region (£.

guaza and E. morii) present indeed as high Cs CFs as found by Meyer and

Ducousso (8), which would be one order of magnitude higher than currently

suggested by dosimetric models (3). Further laboratory studies may, on

the other hand clarify the relative importance of water and food on Cs

uptake by this fish.
- * . . . . . 60

In contrast with Cs, the distribution of Co in
Epinephelus (table 1, fig. 2) shows higher retention in the viscera,

60
mainly liver, gut and stomach, followed by skin and scales. Co relative

concentration in bones was the lowest in comparison to other tissues.
60

Co accumulation in muscle was a l s o among the lowest, r e s u l t i n g in a
-2 -1

CF of 8x10 , while the whole-body CF was 2x10 . These CFs are surprisingly
qui te lower than any prev ions ly repor ted value ( 2 , 9 , 1 0 , 1 3 , 1 4 ) . Kimura and



Ishikawa (13), observing the distribution of Co taken from food by the common
60

goby observed a similar distribution as herein except that the Co

concentration in bone was 3.5 times higher than in muscle. In Pentreath (12)
6D

experiments, Co CF in P. platessa bones after 90 days of accumulation from

water was aproximately 2 times higher than in muscle, the latter reaching a

CF of 0.4. The same author, observing the distribution of stable Cb in P.

platessa found that only 4.5% of total body Co was in muscle, whereas 65

and 277» were respectively found in bones and skir.. The duration of the

present work was probably not enough for equilibrium in Co uptake to be

attained (13). The very different corporal Co distribution observed in

laboratory and field studies (12) suggest that the time lag necessary for

equilibrium would be very long. On the other, the very low CFs obtained

herein seem ind.cate that, as for £. platessa (12) direct Co

accumulation from water by Epinephelus plays a minor role when compared to

dietary Co uptake.

As mentiommed earlier, chromatography of the aquarium water was performed at

the beginning (24 hours after CoCl addition) and end of the experinent, and

the results demonstrated that the tracer had undergone a radical change in
60

its physico-chemical form during the 4 month experimental period. Co was

not detectable in the initial sample after it had passed the resin column,

indicating a practically total Co retention. Elution yielded a single activity

peak, showing that the tracer was, as expected, only in cationic form. In
60

contrast, 17> of the Co present in the final sample was retained by the

resin, indicating a shift from the initially predominant cationic from, most

probably through complexation with organic ligands, mediated*by the intense

microbial activity of the aquarium filter bed. The tendency of Co to form

ionic and non-ionic organic complexes has been demonstrated by a number of

authors (15,16,17, 19). Carvalho (15) found in laboratory experiments that

the proportion of cationic Co forms in seawater that had contained mollusks

for one month changed form 77.2% at the begining to 17% at the end of the.



experiment, when anionic and neutral Co forms reached 557» of total Co in

water. The formation of organic Co complexes is expected to be specially

intense in laboratory conditions because of the higher concentration of

dissolved and particulate organic matter to be found in these confined

conditions than in nature. Lowman and Ting (16), Carvalho (15) and Ueda

and Nakahara (14) among others found that for a variety of marine organisms

the CFs for ionic and organic Co were quite different. Lowman and Ting

(16) showed that marine phyto and zoophankton, Artemia, and mollusk soft

parts discriminated ionic Co in favor of cyanocobalamine. In contrast, Ueda

60
and Nakahara found a CF of 32 for CoCl in gobies while the CF for

cyanocobalamine was 3 in the same fish. Carvalho (15) observed lower Co

CFs in mollusks for non-cationic forms.

m

In the present work, in order to verify the influence of the previously

described shift in Co form on CF of Epinephelus, a second experiment was

performed in the same aquarium. A second group of fishes ,of the same size

(15-20 cm) was introduced and the length of the experiment, as well as

the frequency and nature of feeding was the same as in the first one. The

CF "for muscle tissue in this second experiment was 2.5 times higher than

the CF obtained in the first experiment, suggesting a higher availability

of the non-cationic Co forms. This pattern is inverse to the one observed

by Carvalho(15) for mollusks. On the other hand comparison with the work

by Lowman and Ting (16) and Ueda and Nakahara (14) is difficult since

cyanocobalamin is only one of the possible organic Co forms. It remains

however, that the influence of Co speciation on its availability to

marine organisms deserves further attention. This variable will affect the

results of radiotracer experiments and must also be considered in field

studies on stable or radioactive Co since preconcentration methods do not

have the same efficiency for different Co physico-chemical forms (16), .

which may explain some of the variability found in the literature on Co

CFs. Finally, the uptake of Co from radioactive effluents by marine

organisms may be controlled by the proportion of the different Co forms,

and this proportion is expected to vary with time.





FIGURE 2: MASS AND Cs AND °Co DISTRIBUTION IN THE MAIN ORGANS
OF JUVENILE GROUPERS
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TABLE 1 : Relative sizes of body organs of juvenile groupers and Cs and Co

distribution

ORGAN

Muscle

Skin+scales

Gills

Liver

Gut

Stomach

Bones

Other

i

! % OF BODY
WEIGHT

40."/

7.2

3.6

2.7

1.8

3.1

7.7

33.2

! % OF TOTAL
137

Cs

66

8.1

3.0

1.0

1.3

3.5

0.04

17.06

! 137,,
i Cs
! (pCi/g)

3600

2500

1900

800

1650

L 2500

12

1050

% OF TOTAL

60
Co

16.1

14.7

5.5

18.8

10.6 •

8.7

0.84

24.76

60,,
Co

(pCi/g)

25

120

90

430

360

170

7

40

137 60
TABLE 2: Muscle and whole-body concentration factors of Cs and Co in juvenile

groupers

Whole-body

Muscle

Cs-137

3

Co-60

0.2

5 ! 0.08
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STRONTIUM-85 BIOACCUMULATION BY SARGASSUM SPP.
(BROWN SEAWEED) AND GALAXAURA MARGlNATA
(CALCAREOUS SEAWEED)

A.C.S. FREITAS, J.R.D. GUIMARÀES* and V.A. GOUVEA

Deparlamenlo de Protecào Radiolôgica Ambiental, lnstiiuto de Radioprotecâo e Dosimetria,
Comissâo National de Energia Nuclear, Av. das Americas KM 11,5, Barra da Tijuca, Rio de
Janeiro, RJ. CEP 22602 (Brazil)

E. PENNA FRANCA

Laboratorio de Radioisôtopos, Institute de Hinfisica, Universidade Federal do Rio de Janeiro,
Bloco G, CCS, Ilka do Fundào, Rio, RJ (Brazil)

ABSTRACT

The interaction of Sr-85 with seaweed species abundant in the vicinity of the Angra Nuclear
Power Plant, Brazil, was studied in closed-system aquaria. Strontium-85 was added as the chloride
and its accumulation and loss were observed. Live seaweed thalli were kept in the light or dark at
salinities of 24 and 34%o. Strontium-85 in seaweed and seawater samples was measured by single
channel ;-spectrometry. Strontium-85 uptake by Sargassum was rapid, reaching equilibrium in — 3
days. Bioaccumulation factors (BFs) were in the range 23-80 (fresh weight). Strontium-85 loss
followed two-component, exponential decay with biological half-lives (TB) of 1 and 8Oh. Light or
salinity had no effect on Sr-85 accumulation, suggesting that strontium uptake by Sargassum is
determined solely by the affinity of Sr for its alginates.

In contrast, Sr uptake by G. marginata was slow and equilibrium was not reached after 10 days.
BFs were in the range 3-29 and loss was slow (TB = 24 days). G. marginata does not discriminate
between Sr and Ca, and as a result of the influence of light on calcification, BFs under light were
significantly (p < 0.05) higher than in the dark, and also higher at 24%o because of lower ionic
strength. The behaviour of Sr in G. marginata suggests that this species is a useful long-term
integrator of Sr-89/90 in local seawater. Sargassum is a useful indicator of short-term variations
in Sr concentrations.

INTRODUCTION

As a result of the construction of the first Brazilian nuclear power plant at
the Angra site (Fig. 1), many investigations have been directed towards the
behaviour, in the local environment, of the radionuclides to be released by this
facility. These include hydrodynamic and geochemical studies of the aquatic
environment (Fumas Centrais Elétricas S/A, 1985), distribution of fish and
seaweed populations (Mitchell et al., 1981; Pedrini and Pereira, 1983; Vetere,

* Author to whom correspondence should be addressed.

0048-9697/88/S03.50 c 1988 Elsevier Science Publishers B.V.
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Fig. 1. Location of seawater and seaweed sampling stations and Angra Nuclear Power Plant site
(ANPPS).

1983) and field and laboratory experiments on the interaction between radionu-
clides and their stable counterparts and local sediments and biota (Guimarâes
et al., 1982; Lacerda et al., 1982; Guimarâes and Penna-Franca, 1985). Seaweeds
have received particular attention due to their potential as contamination
monitors. As a follow-up to these studies, laboratory experiments were
performed to study the uptake, accumulation and loss of Sr-85 by Sargassum
spp. and Galaxaura marginata, two marine macroalgae which are common near
the outfall of the Angra power plant liquid effluents.

MATERIALS AND METHODS

Sampling and maintenance of seaweeds

Whole, adult plants of Sargassum spp. (brown seaweed) and Galaxaura
marginata (red calcareous seaweed) were collected at Piraquara de Fora and
Conceiçâo de Jacarei (Fig. 1). Seawater was collected at Piraquara de Fora and
Recreio dos Bandeirantes (Fig. 1), filtered through 0.45 ̂ m membranes and kept
cool until use. Seaweeds were hand-cleaned and subjected to ultrasound, as
described by Polne et al. (1980). This treatment did not affect seaweed survival
or growth and was very effective in removing fine sediment deposits and
microepiphytes. The plants were kept in 10 liter stock aquariums, in seawater
enriched with Von Stosch medium, as described by Seeliger and Cordazzo
(1980). Seawater was changed every 10 days, to avoid nutrient depletion or
exudate build-up, and constantly aerated. Light was provided by daylight-type
fluorescent lamps, giving 4000 lux at the water surface with a 8:16 photoperiod.
Temperature was maintained at 20 ± 2°C and the salinity was 34%o.
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Description of experiments

I

The radiotracer experiments were performed in 3-1 borosilicate glass flasks
using 0.45 /vm-filtered, aerated seawater. Sodium EDTA was excluded from the
Von Stosch medium to avoid tracer complexation. Unless intentionally
modified, lighting, temperature and salinity were the same as described above.

Whole plants or representative portions of different plants were kept in the
aquaria for 3 days fo r acclimation at 2.5-3.0g fresh weight per liter, and
separated by species. Strontium chloride (Amersham, England) was then added
at concentrations ranging from 2 to 5/iCi 1 '.

To follow radionuclide accumulation, 5 to 10 thallus portions were washed
in tracer-free seawater, gently blotted with absorbing paper, weighed and
placed in 5-cm diameter flasks, for gamma-spectrometric measurement on the
surface of a 2 x 2 inch NaI well-type crystal, linked to a single-channel
analyzer. The counting error was =$1%. Seaweeds were then returned to the
aquaria to continue the uptake study. At apparent equilibrium, water and
samples were transferred to counting tubes and counted in the well for bioaccu-
mulation factor (BF) calculation. Samples which had reached apparent equili-
brium in uptake were transferred to tracer-free seawater, which was changed
daily, and radionuclide elimination was followed using the same procedure
described for uptake.

Radionuclide uptake by seaweeds in the dark was studied by wrapping flasks
in aluminium foil. To observe bioaccumulation at lower salinity, 34%o seawater
was diluted to 24%o. Finally, to observe the influence of exudates on 85Sr uptake
by Sargassum, B5Sr was added to exudate-loaded seawater, left standing for a
week to allow complexation of 85Sr by exudate and then fresh Sargassum
portions were added to follow 80Sr uptake.

RESULTS AND DISCUSSION

Sargassum

Strontium-85 uptake and BFs for Sargassum are presented in Fig. 2.
Apparent equilibrium is reached in ~ 3 days. The absence of light, or lower
salinity, had no effect on uptake (Figs 3 and 4) or BFs (Table 1). BFs were
significantly (p < 0.05) lower in exudate-loaded water than in controls (Table
1).

Organic substances exuded by seaweeds include carbohydrates, proteic
material and phenolic compounds (Sieburgh and Jensen, 1969). These exudates
play an important role because of their toxic or antibiotic effects (Sueur et al.,
1982) and chelating capacity (Sieburth and Jensen, 1968; Fisher and Fabris,
1982; Sueur et al., 1982). Alginic acids are common in brown seaweeds and their
Sr-binding capacity has been demonstrated by Ophel and Fraser (1970), Ueda
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210 2*10 270 3OO 330 360
Hours

Fig. 2. Strontium-85 uptake by Sargassum spp. (0) and G. rnarginata (<t>). Vertical bars represent
95% confidence intervals.

et al. (1973) and Patel et al. (1980). Azevedo et al. (1982), in a year-long study
of stable Sr and Ca concentrations in seaweeds of the Angra region, observed
that brown seaweeds, including Sargassum, discriminated against Ca in favour
of Sr. It appears, therefore, that Sr accumulation by this species is a purely

A LIGHT

A DARK

O 30 60 90 120 150 180 210 200 270 300 330 360
Hours

Fig. 3. Strontium-85 uptake by Sargassum spp. in the light (A) and dark (A). Vertical bars represent
95% confidence intervals.
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• 2 4 % .
D S4 * • •

140 ISO
Hours

Fig. 4. Strontium-85 uptake by Sargassum spp. at salinities of 24 (•) and 34%> (D). Vertical bars
represent 95% confidence intervals.

physico-chemical process, independent of photosynthesis or salinity, and
determined by the affinity of Sr for alginates. BFs were lower in exudate-loaded
water, most probably a result of Sr binding to alginates present in the exudates
which reduces Sr availability for uptake.

Strontium-85 elimination followed a two-component exponential pattern
(Fig. 5); the biological half-lives of each component are given in Table 2.
Analysis of Fig. 5 indicates that at least 90% of the 85Sr originally present in
the plant was associated with the fast-exchanging Sr pool.

Galaxaura

The data on 85Sr uptake by G. marginata are given in Fig. 2 and Table 1.
Uptake did not reach apparent equilibrium and was still occurring on the 10th
day of the experiment.

TABLEi

Strontium-85 bioaccumulation factors (R ± 2 SD) for Sargassum spp. and G. marginata under
different experimental conditions. Results given on a fresh weight basis

Sargassum spp.
G. marginata

Light

26 ± 3
8.5 ± 2

Dark

26 ±
3.2 ±

4
1

Salinity (%

34

40 ± 4
17 ± 2

»)

24

41 +
29 +

1
6

Exudate

High

34 ± 5

concentration

Low

80 ± 33
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Fig. 5. Strontium-85 elimination by Sargassum spp. Slow and fast elimination components are
indicated by dotted lines. Vertical bars represent 95% confidence intervals.

The chemical affinity between Ca and Sr, and the absence of Ca/Sr discri-
mination by G. marginata (Azevedo et al., 1982) suggest that Sr should behave
like Ca and be deposited in the calcareous skeleton. Bohm (1978) suggests that
45Ca uptake by calcareous seaweeds occurs in two steps: the first being the
saturation of the exchangable Ca pool, and the second a net and slow Ca
deposition on the calcareous skeleton.

The absence of apparent equilibrium in 80Sr uptake shown in Fig. 2 therefore
represents net Sr deposition. Such behaviour is also observed at 24%> salinity
(Fig. 6), where BFs are significantly higher (p < 0.005), probably because of
the higher availability of Sr binding s'tes at lower salinities and Ca concen-
trations. Yoo et al. (1982) also observed a similar phenomenon for Undaria
pinnatifida.

TABLE 2

Strontium-85 biological half-lives for Sargassum spp. and G. marginata (h). Tb and TB represent
the half-lives of the fast and slow elimination components, respectively

Species Tb TB

Sargassum spp.
G. marginata

80
470
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10 60^ 80 TOO 120 140 160 IQO

Fig. 6. Strontium-85 uptake by G. marginata at salinities of 24 (•) and 34%o (D). Vertical bars
represent 95% confidence intervals.

30 60 90 120 150 160 210 210 270 300 330 360

Fig. 7. Strontium-85 uptake by G. marginata in the light (A) and dark (*). Vertical bars represent
95% confidence intervals.
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Fig. 8. Strontium-85 elimination by G. marginale Slow and fast elimination components are
indicated by dotted lines. Vertical bars represent 95% confidence intervals.

The physiology and role of calcification in Sr uptake are still little known
(Littler, 1976). According to Borowitzka and Larkum (1976), it is stimulated by
light and inhibited by respiration. As would be expected for Ca, the BFs for Sr
in the dark were significantly (p < 0.05) lower than in the light (Table 1) and
net deposition is practically absent in the dark (Fig. 7).

Strontium-85 elimination (Fig. 8) shows that skeletal Sr exchange is very
slow, with a biological half-life of 480 h (Table 2); under the present experiment-
al conditions, ~ 50% of the 85Sr present in the plant was bound to the skeleton.

CONCLUSIONS

Strontium uptake and loss by Sargassum are fast processes, and are indepen-
dent of metabolism and salinity. This seaweed is therefore a useful indicator of
short-term variations in sea water 85Sr concentrations, after routine or acciden-
tial Sr-89/90 releases.

Strontium uptake by G. marginata, in contrast, is influenced by metabolism
and salinity. Because of Sr deposition on its calcareous skeleton, this species
is an integrator of Sr and is useful for monitoring Sr-89/90 in local seawater.
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