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The Migration and Distribution of Tritium Water in Chinese

Cabbage (Brassica chinensis)-Soil Ecosystem
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Institute of Nuclear Agricultural Science, Zhejiang University, Hangzhou 310029 ,China; 2. College of Informatics and
Electronics, Zhejiang Institute of Science and Technology, Hangzhou 310033,China). Acta Ecologica Sinica,2002,22(8) :
1260~ 1265.

Abstract: In this study. tritium water was administered into simulated Chinese cabbage ( Brassica
chinensis)-soil system in mode of simulated irrigation and rainfall to study its migration and distribution in
each component of the system. The objective of this study are: (1) to evaluate accumulation and
distribution of tritium water in Chinese cabbage when treated with different method; (2) to clarify
distribution of tritium water in soil profile.

Four concrete pools with dimensions of 1m X 1m X 0. 3m were constructed outdoor. Two hundred
ninety kg of soil with moisture content of 21.74% was filled into each pool. And soil depth was about 24
cm. Thirty Chinese cabbage seedlings, 8~10 cm in height, were transplanted into each pool. 3200 mL of
tritium water with a specific activity of 1. 7355 X 10* Bq/mL was introduced into each pool 30 days after
transplanted. In two pools, tritium water was sprayed on foliage surface to simulate rainfall; and in the
other two pools, it was sprayed on soil surface to simulate irrigation. The samples were collected at the
time intervals of 0.25, 1, 3, 7, 14, 21 and 28 days alter treatment. Three seedlings were collected {rom
each pool, the roots were rinsed with tap water, and the water remaining on their surface was removed
with an absorbent paper. They were divided into root, petiole and foliage. And then they were cut into
small pieces after measuring the weight of each part. Twenty grams samples from each part were put into

100ml matrass for free water tritium distilled. In the meantime, three soil columns were collected from
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each pool with soil sampler. Each soil column was sectioned into three equal parts., each part was
pulverized, mixed thoroughly, and then 30 g of soil sample was weighed into 100ml matrass for tritium of
hygroscopic distilled. Every sample had 3 replications.

The free water tritium and tritium of hygroscopic were distilled using constant temperature
distillation, And the bound tritium and crystalline water using oxidation burning method. The
radioactivity was measured with a liquid scintillation spectrometer (Wallac 1400DSA). The counting error
was controlled to be lower than 5%. The counting data were calibrated with counting efficiency . distilling
reclaim ratio, burning reclaim ratio and any other factors.

The open two-compartment system model and non-linear regression analysis method were used to
simulate the dynamics of tritium water in Chinese cabbage-soil system, and fitting equations were
established at 95% confidence level.

The results showed that when tritium water administered into simulated Chinese cabbage-soil system
in mode of simulated irrigation and rainfall, it not only was transferred to other component of the system,
but also vaporized into atmosphere rapidly. Both free water tritium and bound tritium were found in
Chinese cabbage. Tritium of hygroscopic and crystalline water consist in the soil. The specific activity of
free water tritium (or tritium of hygroscopic water) was bigger than that of bound tritium (or tritium of
crystalline water ). The specific activity of total tritium in root, petiole and foliage of Chinese cabbage
reached 305.66 Bq/g. 553.98 Bq/g and 439.00Bq/g only 6 hours after administered with simulated
irrigation method. The specific activity increased with time, then it decreased gradually when it reached
the maximum value (338. 24Bq/g. 650.15Bq/g and 439. 00Bq/g). The specific activity in petiole was the
biggest in Chinese cabbage. In case of simulated rainfall, tritium water was not only taken up via stoma of
above-ground parts, but also could be taken up by roots from soil. Thus, accumulation of tritium water in
Chinese cabbage resulted in a greater specific activity than that in case of simulated irrigation. Variation in
specific activity showed a similar tendency as that in simulated irrigation condition.

The compartment model of tracer kinetic was applied to imitate the experimental data. For dynamics
of specific activity in whole plant and soil, it could be described with the following exponential regression
equations respectively: the specific activity of soil C, (simulate irrigation) = 91. 5% *'%% 4 99. 91e '
and C, (simulate rainfall) = 78. 09e """ 4+ 48. 27e %" and the specific activity of Chinese cabbage C,
(simulate irrigation ) = 543.52 (e "' — e *1% ) and C, (simulate rainfall) = 647.07e¢ *°""* +
241. 28e " were gained. The results of analysis of variance showed that each regression equation could
described the dynamics of accumulation and disappearance of tritium water in Chinese cabbage-soil
ecosystems preferably.
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Table 1 Main Physico-chemical properties of the soil studied
pH(H,0)
Organic matter(g/kg) pH CEC (cmol/kg) Sand (%) Silt (%) Clay (%)
7.9 6.5 3.28 66. 3 31.2 2.5
1.2
4 1ImX1mXO0.3m o 290kg ( s 21.74%) ,
24cm, ( 605, 8§~10cm, )5X6
o ( 1 ) ( ,2 ) ( ,2
) 1. 7355X10'Bgq/ml 3200ml, 0.25.1.3.7.14.21.28d
0 25~30C,
1.3
3« 6 D, ,
N 3 s 100ml ( 3 ) 0
3 3 100ml ( 3 Do
1.4
e, : 100ml (
30g, 20g) s 130C ( ) 8~10h, 0. 8ml
8ml 2. 5ml . o
7gPPO+0. 5gPOPOP+ 300ml+ 700ml,
1.5
( ) 100 C s
( 0. 200g » 1.000g)  OX-600 850 C 3min,
350ml/min, , o,
1.6
Wallac 1400DSA , 5% .
9] .
2.1 -
- 2, 3 2 s ( )
( Do 6h, N
( ) 305. 66 Bq/g .553.98 Bq/g  439.00Bq/g.,
s 3 (338.24Bq/g  650.15Bq/g) ;
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Table 2 The distribution dynamic of HTO specific activity in Chinese cabbage-soil ecosystem(Simulated irrigation)
Chinese cabbage (Bq/g fresh sample) Soil profile (Bq/g wet soil)
Time (d) Root Petiole Foliage 0~8cm 8~16cm 16~24cm
0. 95 303. 87 552. 39 433.72 287. 66 18.56 1.18
e (1.79) (1.59 (5.28) (0. 49) (0. 00) (0. 00)
1 329. 30 581.62 391. 66 213.88 72.33 4.33
(3.63) (2.95) (4.52) (0.78) (0. 00) (0. 00)
3 332.77 648. 47 106. 43 156. 11 32.99 4.47
(5.47) (1.68) (3.46) (1.02) (0.01) (0. 00)
7 167.74 285.62 89.76 98. 30 33.99 6.15
(5.48) (4. 35) (4.23) 1.1 (0.00) (0. 00)
14 83. 89 89. 61 41.98 32.87 30. 32 7.48
(6.07) (3.90) (3.37) (1.03) (0.02) (0.00)
21 51. 30 81.91 40. 40 20. 51 15.58 4.52
(4.43) (3.78) (3.22) (1. 49 (0.02) (0.00)
28 35.22 65.23 31.09 16. 20 10. 54 3.95
(5.23) (3.90) (4.25) (1.83) (0. 05) (0.00)
* , Tritium of free or hygroscopic water in

the table, Combined tritium or tritium of crystalline water between brackets

3 - ( )
Table 3 The distribution dynamic of HTO specific activity in Chinese cabbage-soil ecosystem (Simulated rainfall)
Chinese cabbage (Bq/g fresh sample) Soil profile (Bq/g wet soil)
Time (d) Root Petiole Foliage 0~8cm 8~16cm 16~24cm
0. 95 484. 54 888. 95 610. 20 268. 07 YL 28 3.44
(3.17) (2.20) (4.96) (0.21) (0.00) (0. 00)
1 353. 26 733.07 446. 52 209. 34 68. 84 4.53
(5.13) (1. 80) (5.41) (0. 85) (0. 05) (0. 00)
3 287.91 455. 95 121. 28 130.12 61.57 5. 86
(5.27) (3.40) (5.25) (0. 66) (0.10) (0. 00)
7 123.11 257. 86 82.58 61. 85 33. 84 6.46
(3.96) (3.10) (7.13) (1.33) (0.22) (0. 00)
14 68. 62 104. 61 30.52 34.97 32.97 4.51
(5.14) (1.93) (4.33) (1.58) 0.17) (0. 00)
21 64. 37 96. 85 24. 40 27.30 21.92 2.59
(7.45) (2.05) (3.21) (2.26) (0. 21) (0. 00)
98 42.35 70. 25 18.92 18. 43 13.52 3.33
(6.24) (3.01) (5.29) (2.54) (0. 25) (0.00)
* s Tritium of free or hygroscopic water in

the table, Combined tritium or tritium of crystalline water between brackets

(0~8cm) 3 (8~16cm) , 1d

3 (16~24cm) s 14
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Table 4 The specific activity of each compartment total tritium in the ecosystem(Simulated irrigation) (Bq/g)

Time (d)
Compartment 0 0.25 1 3 7 14 21 28
Chinese cabbage 0. 00 483.73  491.18  374.39  186.75 74.77 69. 01 50. 86

Soil 191. 50 102. 63 97.11 64. 86 45.53 23.91 14. 04 10. 82
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Table 5 The specific activity of each compartment total tritium in the ecosystem(Simulated rainfall) (Bq/g)

Time (d)
Compartment 0 0. 25 1 3 7 14 21 28
Chinese cabbage — 769. 50 610. 38 311. 47 199. 78 82.72 74.35 56. 71
Soil — 99. 67 94.52 66.10 34.57 24.73 18. 09 12. 68

6 -

Table 6 Regression equation of accumulation and disappearance of tritium water in Chinese cabbage-soil ecosystem

Induction method Compartment Regression equation Believe level  Believe interval
Chinese cabbage  C.(z)=0543. 52(e 0- 1002 —¢ 9. 1105) 95 % C,+87.66
Simulated irrigation Soil Ci(1)=91.59e 1002499, 9g]e 9 110% 95% C;+13.18
Chinese cabbage C,(z) =647.07¢ 51154247, 28~ 0- 0475 95% C,=£63.30
Simulated rainfall Soil Ci(1)=78.09e 0515 48 27e 0- 0475 95% C,1+16.56
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