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ABSTRACT

Two important radionuclides 134Cs and 65Zn were applied to study the accumu-

lation, distribution and excretion of radioactive nuclides in organs and tissues of

green mussel Perna viridis. The results showed that the uptake rate of 134Cs by

green mussels was very low and the concentration factor (CF) for 134Cs in the

byssus approximated to 1. This CF value was lower than that of other tissues and

organs of mussels, but its excretion rate was much higher than that of soft tissues.

It was also found that the byssus of mussels had a special ability to accumulate
6:>Zn. Concentration factor (CF) for 65Zn in the byssus could reach as high as 900,

which was much higher than that of any other tissues. However, its excretion rate

was lower than that of other tissues and organs. The uptake rate of 65Zn by soft tis-

sues was markedly higher than that of 134Cs. The mussels could also highly concen-

trate the low level 6:>Zn even if specific activity of 65Zn was very low in the environ-

mental seawater. Results of radioactive trace experiments showed that the absorp-

tion of 134Cs and 65Zn by Perna viridis was selective.

• This proiject was supported by Marine Biology Research Station at Daya Bay, South China Sea, Institute of Oceanology
of Academia Sinica.



INTRODUCTION

Radioactive pollution of marine environment is now one of the problems which

are most concerned internationally. Radioactive wastes due to nuclear apparatus and

application of nuclear techniques are the important sources of this radioactive con-

tamination. After operation of Daya Bay Nuclear Power Plant in Guangdong

Province, how to protect this special marine environment? Using organisms which

have special concentration abilities to radionuclides as bioindicator to monitor the

polluted marine areas by radionuclides in waste water drained from the nuclear

power plant, to promote marine cultivation, and to prevent and eliminate harms of

radioactive substances to humanity via seafood, are all research projects which ab-

sorb radioecologists all over the world [1~7]. Chen Shunhua, et al. [7] reported the

concentration, distribution and excretion of 65Zn and mCs by several molluscs, indi-

cating that 65Zn and 134Cs could be concentrated in several gastropoda and bivalvia

of tidal zones in Daya Bay, but the former was higher than that of the latter; and

also found that byssus of green mussel had special concentration capacity to radioac-

tive iodine, thus could be used as bioindicator of radioactive iodine pollution of ma-

rine areas M . On the basis of these studies, specificity of accumulatin, distribution

and excretion of these two nuclides by green mussel (Pema viridis) , which is wide-

ly cultured in Daya Bay, in microecosystem were studied. This research will provide

biological methods and scientific evidences for monitoring of radioactive pollution of

marine environment.

1 MATERIALS AND METHODS

1.1 Test materials
(1) Mussels were purchased from the local market near Zhongshan University

as well as from those bred in marine areas of Daya Bay. The individuals were simi-

lar- sized and healthy, with the shell length of 6 ~ 7 cm and mean weight of

9 -14 g.

(2) Artificial seawater was prepared with sea water crystal developed by Nan-

hai Oceanology Institute of Chinese Science Academy.

(3) The chemical forms of 134Cs and 65Zn were 134CsCl and 65ZnCl2 respective-

ly , provided by Isotope Institute of Chinese Atomic Energy Research Institute.

1.2 Methods
(1) All operations for pre-test treatment and domestication apparatus of mus-
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sels during experiment were done according to the previous paper [8].

(2) Artificial seawater was prepared with seawater crystal by ratio and placed

statically pending use. The specific gravity was measured using seawater hydrome-

ter. Its salinity was 29%o~30%0» which was optimal to mussels.

(3) Concentration and excretion of 13*Cs by mussels

( I ) Concentration of 134Cs by mussels 134Cs radioactive seawater was pre-

pared in a glass aquarium (size: 50 cm X 30 cm X 30 cm) , the specific activity was

33 Bq/ml seawater, total volume being 20 L. Water sample was taken after aeration

for half an hour and radioctivity (was determined the radioactivity of environment

seawater, i. e. the cpm/ml seawater at zero time). Then 40 mussels, each individual

of which was placed in perforated plastic bottles were cultured by hanging method

in this aquarium, samples were taken at intervals o f 8 h , 1, 3, 5, 7, 9, 11 d 3

individuals were taken, rinsed, weighed and dissected. All organs and tissues includ-

ing byssus, foot, shell, pallial fluid, gill mantle, stomach and digestive gland and

posterior adductive muscle were obtained. During the experiment, the specific ra-

dioactivity of I34Cs was kept near to that at zero time. Radioactive seawater was

changed every three days, the water temperature was 21 i t 1 C •

( I ) Excretion of 134Cs from mussels After concentration test, the remain

mussels were transferred to an aquarium which contained 20 L non-radioactive sea-

water for excretion test, the duration was 7 days with everyday change of non-ra-

dioactive seawater. Samples were taken at 1, 3 , 5 , 7 d as above.

(4) Determinatin of sample radioactivity and data processing The radioac-

tivity of all samples was measured with FJ-603 well-type Y-scintillation counter.

Data obtained in the concentration test were calculated according to the formula.

_cpm/g Sample wet Wt
cpm/ml seawater

Data were diagrammed using microcomputer, the biological half excretion time

was calculated by the excretion equation; Tb = ln2/X.

(5) Concentration and excretion of 65Zn by mussels

(A) Concentration of 65Zn by mussels 65Zn active seawater was prepared

in an aquarium (specific activity: 176 Bq/ml. The total volume was 20 L, the sea-

water specific activity was kept as that of water sample taken at zero time. Then 40

mussels were transferred to this aquarium (the apparatus and operation were the

same as ( I ). Samples were taken at 2, 4, 8 h , 1, 2, 3, 4, 5, 6, 7, 8d. The

individual number, variety of organ dissected, radioactivity measurement and data
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processing were the same as ( I ) and (4).

(B) Concentration of 65Zn of different specific activity by mussels: Three kinds

of artificial seawater with different specific activity were prepared in three glass

containers (A,B,C) of 30 cm height and 20 cm diameter-. A 175 Bq/ml seawa-

ter, B 18 Bq/ml seawater, C 6 Bq/ml seawater. Total volume of each was

6 L, cpm/ml seawater of every container was measured at zero time, then 15 mus-

sels were transferred to each container for concentration test, which lasted for 4

days and samples were taken every day as ( I ).

(C) Excretion of 65Zn from mussels After the (A) concentration test, the

rest mussels were transferred to another aquarium involving 6 L inactive seawater,

the excretion test was performed for 7 dyas. The sampling time was 1, 3, 5, 7 d,

operation was the same as ( I ).

2 RESULTS AND DISCUSSION

2- 1 Concentration and excretion of l34Cs by mussels

2- 1- 1 Concentration of m C s in mussels

Up to the 5th day after the concentration test was carried out, the concentra-

tion factor (CF) of 134Cs continuously increased in stomach and digestive gland, but

reached peaks in the rest organs of mussel such as foot, shell, gill and mantile.

Table 1 Concentration Factors for 134Cs in the Various

Tissues of the Mussels during Accumulation Experiment

Time

8 h

1 d

3 d

5 d

7 d

9 d

11 d

Byssus

1.38

1.51

2. 67

1. 34

1. 15

0.95

0.88

Foot

2.49

3.04

7.43

13.88

12.89

11.06

10. 38

Shell

0.1

0-24

0.21

0.51

0.25

0.32

0.13

Pallial

fluid

0.8

0.91

0. 90

1.03

0. 93

1.0

1.0

Gill

1.22

1.86

4.55

6.25

6. 57

5.44

4.67

Mantle

1.06

1.97

3- 93

7-46

7- 19

6-36

5-20

Stomach and

digestive gland

2.18

4.39

11.13

14.46

17.91

25.23

20.29

Posterior

adductor

1-14

1.45

2.94

4.47

5. 09

6.6

5. 65

To the 9th day, the CF value in these organs almost kept constant, that of

stomach and digestive gland reached peaks and was higher than that of other or-

gans. The CF value of byssus was not very high and decreased a little after the 5th

day, approximate 1 at the 9th day of experiment. At the 9th day, CF value was in

the order of: stomach and digestive gland>foot>mantle>gill>posterior adductive

muscle>byssus>pallial fluid>shell (see Table 1, Fig. 1). At the 11th day, the CF
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value of every organ decreased a little, indicating that the concentration reached e-

quilibrium.

25 -

2 0 -

1 5 -

1 0 -

Fig. 1 Uptake of 13*Cs by the various tissues of the mussels

+ . stomach and digestive gland; •fc. foot) •&. mantle;

X- posterior adductive muscle; -C>. gill; O- byssus; # . pallial fluid; Oshell.

2-1-2 Excretion of 134Cs from mussel

At the first day of excretion test, excretion rate of 134Cs from mussel bodies

was relatively high, after excretion for one day, the radioactivity decreased to very

low values in the organs with lower CF values scuh as byssus, shell, pallial fluid,

but the excretion rate of 134Cs was lower in foot, mantle, stomach and digestive

gland, posterior adductive muscle, at the 7th day of excretion test, the specific activ-

ity for gill (cpm/g) was 1/10 of that of the first day, 1/6 for stomach and digestive

gland, 1/3 for foot, and about 1/2 for mantle and posterior adductive muscle (see

Fig. 2).

It was shown in Fig. 2 that, the 134Cs specific activity (cpm/g) in every organ

of mussel decreased with the test time. At the first day of excretion test, the 134Cs

activity almost decreased to the background counting for byssus, shell, pallial fluid,

the excretion rate was lower for foot, mantle, stomach and digestive gland, and pos-

terior adductive muscle at the 7th day, the specific activity was 1/10 of that of the

first day for gill, 1/6 for stomach and digestive gland, about 1/3 for foot, and about

1/2 for mantle and posterior adductive muscle. Data obtained from the excretion

test are conformable to the excretion equation in Table 2- The biological half-life

calculated from the data for all organs and tissues was 1. 58~11- 55 d.
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Fig. 2 Excretion of 134Cs by the various tissues of the mussels

+ . stomach and digestive gland; if- loot; •&. mantle;

X- posterior adductive muscle j ^>. gill.

Table 2 Equations of Excretion and Biological Half-life of 134Cs in the Various

Tissues of the Mussels during Excretion Experiment

Tissue and organ

Foot

Gill

Mantle

Stomach and digestive gland

Posterior adductor

Equations of excretion

V=3032. 6e - " " d

y=1267. 9 e " M "

y=1740. 3e"'-"d

y=5402. 4 e"°'32d

7=1513. 8 e " u "

Biological half-life/d

3.64

1-58

3.85

2. 16

11.55

137Cs is a very widely-distributing nuclear fission product with physical half-life

as long as 30 years. 134Cs is an isotope of its with half-life of 2. 1 years, thus it is

often used in tracing research. 137Cs is much concerned beacuse it is in the middle to

upper group in the toxicity classification of nuclides. Many investigatins ^ con-

firmed that 137Cs could not be concentrated readily by marine organisms and its CF

was much lower than that of other nuclides. Li Shixiao et al. ^ indicated the con-

centration capacity of 60Co by Mytilus edulis was 6 ~ 7 fold higher that of 137Cs;

Chen Shunhua et al. ^ reported the concentration of 65Zn and 134Cs in there 3 kinds

of marine Gastropod and a kind of Bivalvia finding that the former was 10~30 fold

higher than the latter; Cai Fulong et al. [10-1 also found that 137Cs only concentrated

a little in soft tissues, body fluid and shell of mussels, and could not be detected in

byssus. Mussel accumulated little 137Cs and excreted it rapidly; All these results
7



were similar to that of this research, the CF in every organ of mussel was relatively

low and excreted rapidly. Li Shixiao, et al. ^ further pointed out that 137Cs for the

most part didn't combine with biomacromolecules. He confirmed that 137Cs exists as

ionic state through gel filter chromatography separation; This character of U7Cs bet-

ter illustrated the low CF of 134Cs in byssus of mussel and fast excretion. At the

same time Cs is neither life element nor life metal element, which also explained

that it could not be easily concentrated by organisms.

2- 2 Concentration and excretion of "Zn by mussels
2- 2- 1 Concentration of 65Zn in mussels

In 8 days of absorption test, the CF of 65Zn in every organ and tissue of mussel

bodies increased with the time (see Fig. 3).

75 -

- 750

- 500

- 250'

Time/d

Fig. 3 Uptake of 65Zn by the various tissues of the mussels

+ . stomach and digestive glandj ir. foot; •&. mantle;

X- posterior adductive muscle i <)>. gill; O- byssusj •* . pallial fiuid; • • shell.

It was shwon that, at the 5th day, the CF value of 65Zn reached peaks for most

organs and tissues. Up to the 7th day, the CF value for byssus and mantle still in-

creased, but maintained constant for the rest parts. The maximum CF value of 65Zn

in byssus was 900, which was 12 fold of that of stomach and digestive gland, 57

fold of foot, indicating that byssus had very high concentration capacity to 65Zn. In

soft tissues, the CF of stomach and digestive gland was obviously higher than that

of other parts. The order of CF for all organs was : byssus>stomach and digestive

gland>posterior adductive muscle>mantle and gill>foot>shell>pallial fluid. The



byssus also concentrated 65Zn in water rapidly, after absorption test began for two

hours, the CF value of 65Zn was kept very low in every part of soft tissues, but the

CF value was as high as 132 in byssus.

200000 -i 4000-.

Time/d

7 6000-

I

<o

Time/d Time/d

Fig. 4 Effects of different 65Zn level in ambient seawater on of
6SZn in the various parts of the mussels

• • 175Bq/mlf X- 18 Bq/ml; D- 6 Bq/ml.

(a) byssus( (b) foot; (c) gill; (d) mantle;

(e) stomach and digestive gland; (f) posterior adductor muscle.



2- 2- 2 Concentraton of 65Zn with different specific activity by mussels

It could be seen from Fig. 4 that, the 65Zn specific activity (cpm/g) of every

organs and tissues of mussel in container A was the highest, that of container C was

the lowest. The 65Zn specific activity in organs and tissues of mussels in each con-

tainer gradually increased with time, though the 65Zn specific activity was very low,

near to the background counting, 65Zn could still be detected in every organ and tis-

sue of mussels, the absorption rate in byssus of 65Zn of three different specific activi-

ty increased with the increase of 65Zn specific activity in water, which further

showed the byssus' special concentration capacity to 65Zn.

2- 2- 3 Excretion of 65Zn from mussels

Fig. 5 showed that the excretion rate of 65Zn was lower than that of 134Cs for

all organs and tissues of mussel bodies. At the 9th day of excretion, every organ and

tissue of mussels still had some radioactivity, the 65Zn specific activity in byssus was

1/3 of that at the first day of excretion test, i. e. 47639 cpm/g, showing that 65Zn

combined with byssus tightly, and was excreted slowly.

20000 -

- 150000

- IOOOOO

- 50000

Lo

Fig. 5 Excretion of 65Zn by the various tissues of the mussels

+ • stomach and digestive gland; if. foot; •&. mantle;

X- posterior adductive musscle; <C>. gill; O- byssus; * • pallial fluid; d - shell.

The excretin rate 65Zn from every organ and tissue of mussel bodies was rela-

tively lower than of 134Cs, their excretion equatin was listed in Table 3, and the bio-

logical half-life was 1. 98~11. 50 d, much shorter than that of physical half-life of
GsZn. The biological half-life of 65Zn in byssus was 4- 81 d, very closed to that of 12T

and 131I in byssus of mussels m .
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Table 3 Equations of Excretion and Biological Half-life of "Zn in the Various

Tissues of the Mussels during Excretion Experiment

Organs and tissues

Byssus

Foot

Shell

Pallial fluid

Gill

Mantel

Stomach and digestive gland

Posterior adductor

Eguations of excretion

y=159519e-015<1

y=3900e-°"d

y=2136e-°05'1

y=361 e-°3sd

y=6764e-°-28'i

y=5732e-°"d

y=21127e-°"d

y=6869e-° !od

Biological half-life/d

4.62

3.01

11.50

1.98

2.48

2.67

3.15

3.46

Our results indicated that all organs and tissues of mussel had a high concen-

tratio effect on 65Zn,byssus having the maximum. Regardless of the specific activity

of 65Zn, it showed high concentration effect, and rapidly concentrated 65Zn within

a short period of time (absorbing for 2 hours) , the byssus had much more concen-

tration effect on 65Zn than other soft tissues, and the effect was also much higher

than that of 134Cs in byssus. Lobel P. B. [5] determined the Zn content in soft tissues

of Mytilus edulis and pointed out that kindey had the highest Zn content, the diges-

tive gland was the second and byssus ranked the third. He also pointed out that the

Zn content was affected by season, being relatively higher in the winter and spring,

and lower in the summer and autumm, and, moreover, it was related with environ-

mental factors such as salinity and water depth. As to the excretion rate, 65Zn accu-

mulated in every part of mussel excreted more slowly than 134Cs, these characters

indicated that the concentraton capacity and excretion rate of marine organisms

were much related to the function and characteristic of elements. It was well known

that Zn had important physiological functins for it was the component of many en-

zymes and the essential factor of more than 200 kinds of enzymes, playing roles in

many important biolgical reactions as coenzyme or cofactor. It forms polymers with

biomacromolecules, and meanwhile protein synthesis in the organisms might also

promote metal absorption. As Lobel P. B. [5] further pointed out, synthesis of low

molecule-weight bound protein such as metallothionein may pronmote metal ab-

sorption. Zn usually combine with P, and S in cells. The byssus of mussels which

contain the proteins of many kinds of amino acids could concentrate 65Zn just like

soft tissues, and the combination was very strong and did not separate readily in

water. 134Cs could not combine to biomacromolecules, therefore the two completely
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different results in our experiments were obtained.

In the middle of 1970s, mussels were suggested to be used as bio-indicator to

monitor the content of trace elements and other pollutants in the global marine en-

vironments. We have reported that byssus of mussels had special concentration ef-

fects on 125I and 131I, in this paper we found that byssus also had high concentration

capacity to 65Zn, but the CF of 134Cs of byssus was very low (about 1) , therefore

byssus (or other organs and tissues) did not play concentratin role to all radionu-

clides. The concentration capacity was directly related to the character and physio-

logical function of the element.
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