27 11 Vol. 27 No. 11
2007 11 ACTA ECOLOGICA SINICA Nov. 2007

95
Zr

1 1 1 2
1. 213016 2. 310029
%y
95
95y
%7, 95 7. ®7r
S7r S7r S 7r S 7r
B 7y
1000-0933 2007 11-4729-07 Q142.6 Q148.1 X131.3 A

Migration and distribution of radioactive nuclide Zirconium-95 in the aquatic
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Abstract The dynamics of transportation accumulation —diminishing and distribution of *Zr in a simulated aquatic
ecosystem was studied by isotope-tracer technique and the fitting equation was established by application of a closed five-
compartment model. The results showed that when Zr was introduced into aquatic system it was transported and
transformed via depositing complex with other ions adsorption and absorption by aquatic living organisms resulted in
redistribution and accumulation in part of the organisms. After introduction the specific activity of *Zr in the water
decreased sharply to a certain value in a short time and then decreased slowly. The sediment accumulated a large amount of
*Zr by ion exchange. The water hyacinth Eichhornia crassipes could also adsorb a large amount of **Zr in a short period
of time. Snail Bellamya purificata and fish ~ Carassius Auratus had a poor capacity of adsorbing *Zr. The amount of
*Zr in the snail flesh was greater than that in the shell and the distribution of *Zr in the fish was found mainly in the
viscera. The amount of *Zr in individual compartment of the system was affected with time.

Three glass tanks with dimensions of 60cm 40cm 50c¢m were constructed. 8kg of paddy soil on powdery loam was filled

into each pool. The tanks were flooded with 601 water. 10 ml of *ZrF, with a specific activity of 4. 32 x 10’ Bq/ml was
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introduced into the water after one week. The water was stirred gently to get a homogeneous distribution of radionuclide.
The radionuclide specific activity in water was 72. 00Bq/ml. Fifteen water hyacinth Eichhorma corssipes Mart  Solms
and 30 snails Bellamya purificata and 15 fish Carassius anratus were put into each tank. Water was added with
intervals of 3 days in order to maintain a constant height of water.

The samples were collected at time interval of 1 2 4 6 9 15 22 29 and 34 days. Four Sml aliquots of water were
random collected from each pool and disposable plastic cups were filled with them 20ml for activity measurements. A
fish was taken from each tank. The fish was divided into fin viscera liver gill skin flesh bone head and roe and
each part was weighed. They were then cut into smaller pieces. Twenty gram samples from each part were put into the
disposable plastic cups for measurements.

In the meantime two sediment columns were collected from each tank using a sediment sampler. Each sediment
column was sectioned into two equal parts and each part was smashed and mixed thoroughly. Afterwards 20g of sediment
samples were put into plastic cups for measurements. Every sample had 3 replications.

The *Zr emits B and v particles when it decays. Those were measured with a multi-channel y spectrometer model BH
1224  Beijing Nuclear Instrumentation Factory . The counting error was controlled to be lower than 5% . The counts was
calibrated with counting efficiency diminish time disintegration and other factors.

The results showed that the specific activity of Zr in water decreased rapidly with time due to precipitation adsorption
to sediment and uptake by water calabashes and snails and fishes. Most of *Zr in sediment was found concentrated in the
surface layer. It was indicated that *Zr in water could not readily move downwards with percolating water before remained in
surface sediment. The specific activity of ”Zr in different parts of organisms in orders of root > leaf in water hyacinth and
flesh > shell in the snails. The organ uptaking and adsorbing *Zr was mainly of intestines and stomach viscera . *Zr
absorbed by gill and fin was though a direct contact with water. The specific activity of *Zr in flesh bone liver and eggs
was relatively lower which were only a little higher than the background level. Tt was indicated that Zr remained in
intestines stomach gill and fin could not readily transport to inner organ such as flesh bone liver and eggs. The specific
activity of *Zr in different parts of fish was arranged in order of viscera > gill > fin > skin fish scale > bone head eggs >
flesh.

A closed five-compartment system model was applied to imitate the experimental data. For dynamics of specific activity
in whole water sediment water hyacinth snails and fishes it could be described with the following exponential
regression equations respectively the specific activity of water C, = 654. 3447¢ """ +0. 3285¢ " + 0. 1119¢ """ +
0. 1099¢ "™ 0. 0006e ~**™ and sediment C, =85.7971e *"*"" +1. 6024e ™ +91. 8122¢ > +2. 9428¢ '™ 4
0. 3845¢ **™ and water hyacinth C, = 118995. 7705¢ >*"" + 119516. 3543¢ ™ + 682. 5725¢ ™" +
656. 1561 "™ +5.3418¢ **™ /m,, and snail C, = 10198. 6263¢ **"*" 4 304. 2514e " "™ +679. 3532¢ """ +
155. 6352¢ > '™ +9201. 0370 **™ /m,, and fishC, = 213794.5841e >*"*" +4717.3065¢ **“" +6210. 0565¢ ~* ">
+212256. 7591e "™ + 23. 4206e " *™ /mg, were gained. The ANOVA showed that each regression equation can

described the dynamics of accumulation and diminishment of *Zr in the aquatic ecosystem preferably.
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Table 1  Change in *>Zr specific activity in water and sediment with time
Water Bq/g Sediment
Time d Bg/g Upper 0 ~2.5 cm Lower 2.5 ~5 cm Average
1 19.52 188.70 1.25 95.61
2 12.23 288.32 3.04 147.21
4 8.22 304.21 4.43 156.55
6 5.60 229.64 7.34 122.16
9 4.46 243.05 9.60 131.13
15 2.35 185.85 12.52 105. 45
22 0.59 196. 64 13.37 111.69
29 0.31 218.47 14.23 123.46
34 0.23 209.05 16.20 119.67
2 % Zr

Table 2 Relationship between specific activity and time of ** Zr in aquatic organisms in water hyacinth and snail

Water hyacinth of specific activity Bq/g

Snail of specific activity

Time
d Leaf Hyacinth Root Whole plant average Flesh Shell Whole snail average
1 286.60 134.13 319.01 247.25 37.54 17.76 29.44
2 259.08 119.12 285.39 221.19 28.65 12.98 17.55
4 234.23 112.29 269.05 208.53 17.72 6.30 9.75
6 240. 64 110. 63 265.08 205.45 9.87 4.97 6.97
9 163.01 74.96 179. 60 139.22 6.00 2.96 3.96
15 114.28 52.83 126.53 98.12 6.02 2.92 3.93
22 114.42 52.61 126. 04 97.70 5.98 2.89 3.85
29 107.20 49.29 118.09 91.53 5.77 2.73 3.69
34 106. 81 49.11 117.68 91.21 5.74 2.81 3.64
2.3 PIr
S 7r 3 P 7r
3 SZr

Table 3 Relationship between specific activity and time of **Zr in aquatic organisms in fish

Sampling time d

Different parts of fish 1 2 4 6 9 15 22 29 34
Fish gil Bg/g 8.36 7.97 6.20 4.93 3.05 1.41 1.93 0.92 0.89
Fish fin Bq/g 1.35 9.60 1.41 0.43 0.62 0.68 0.29 0.19 0.17

Fish viscera Bq/g 104.11 140. 58 40.17 7.99 9.27 7.34 1.83 1.71 1.68
Fish skin Bq/g 0.56 0.99 0.19 0.07 0.04 0.05 0.09 0.03 0.01
Fish scale Bq/g 0.22 0.71 0.17 0.28 1.17 0.16 0.11 0.09 0.07
Fish flesh Bq/g 0.03 0.06 0.01 0.01 0.01 0.00 0.00 0.00 0.00
Fish skeleton Bq/g 0.17 0.21 0.03 0.00 0.05 0.01 0.01 0.00 0.00
Fish head Bq/g 0.23 0.26 0.15 0.12 0.16 0.09 0.08 0.02 0.03
Fish eggs Bq/g 0.35 0.00 0.07 0.00 0.03 0.01 0.00 0.04 0.00
Whole fish Bq/g 6.85 11.52 3.38 0.35 1.41 0.77 0.20 0.14 0.07
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Fig. 1 The closed five-compartment model of aquatic ecology
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0.0152 kg, =0.0169 k,, =0.0001 £, =0.3241
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Table 4 Change in CF values in aquatic organisms in water hyacinth snail and whole fish
Time d 1 2 4 6 9 15 22 29 34
water hyacinth 12.67 18.09 25.37 36.69 31.22 41.75 165.59 295.26 396.57
CF snail 1.51 1.43 1.19 1.24 0.89 1.67 6.53 11.90 15.83
Whole fish 0.35 0.94 0.41 0.06 0.32 0.33 0.34 0.45 0.30
P Zr CF
34d 396.57 15.83 ®7r  CF 0
95 ZI‘
95 7r
3
1 S 7r P 7r
1d 27.11%
2 Pr P 7r
95 Zr 95 ZI' 95 Zr 95 Zr
95 ZI‘
4 7r
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