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Abstract - A dynamic compartment model was developed to appraise the level of the
contamination of agricultural plants by accidentally released tritium from nuclear facility. The
model consists of a set of inter-connected compartments representing atmosphere, soil and
plant. In the model three categories of plant are considered: leafy vegetables, grain plants and
tuber plants, of which each is modeled separately to account for the different transport
pathways of tritium. The predictive accuracy of the model was tested through the analysis of
the tritium exposure experiments for rice-plants. The predicted TFWT(tissue free. water
tritium) concentration of the rice ear at harvest was greatly affected by the absolute humidity
of air, the ratio of root uptake, and the rate of rainfall, while its OBT(organically bound
tritium) concentration the growing period of the ear, the absolute humidity of air and the
content of hydrogen in the organic phase. There was a good agreement between the model
prediction and the experimental results for the OBT concentration of the ear.
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Fig. 1. Compartments and pathways of ECOREA-H3 compartment model.
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Table 1. Transfer rates between compartments for grain plants.

T;?tlesa T from to Value in h™
Atmosphere .
Koo HTO or HT(g) Outside 0.693 (Raskob, 1990, 1993)
K 13 D . 342 x 10” (Raskob, 1990, 1993) for dry farming plant
s3s3 | sol eep soi Wi/dy/8 for rice
Kma |Body HTO Atmosphere HTO | 0.139/14(t)® based on 0.347 for =04 kg/n’
Ko Atmosphere Body HTO RoKo Mo/ Mo
HTO
K Atmosphere face soil Vanro/Hm + 011 X Rran/M, for HTO
@ 1HTO or HT(g) su Varr/Hn for HI(g)
Kss,a surface soil g’tlf‘r(l;) Sphere (Ka,ssM a_Ks.?,s.?M s.?“(] ‘Ra)/ RaKa,th a)/ ‘M. ss§
Ku | StrHacE Body HTO (1-Re)/RaKopiMo/ MesF
soil/water
Ke, soil 2 Body HTO (1-Ro)/RaKo oMo/ Mo2F2
Keson soil 3 Body HTO (1-Ro)/RaKopnMo/Ms3F3
Ko | soil 2 surface soil/water Kgng{Mg for dry Jarming grain plant
0 for rice
Koo | soil 3 soil 2 KM, s&j/Ms:,' (=Ks3s3) for dry farming grain plant
0 for rice
Kss,s? Surface SOil 2 (Ka,ss]Wa+Ks.?,SSMs.?)/ Mss "(Kss,bh +-K'ss,a)
soil/water
Ko | soil 2 soil 3 (KssoMsst KsgoMs3)/Msz ~(Ksoss +Ksapn)
Kinso | Body HTO Body OBT 0.693/Tso
Kiopr | Body OBT Body HTO Kios:Mbo/Mih
Ko Body HTO fruit HTO 0.693/Ten
Kpon fruit HTO Body HTO KonpMw/Mp,
Kingo Body HTO fruit OBT 1386 x My/Ty/Mp
a) a . atmosphere, ss : surface water, s2 : soil 2, s3 : soil 3, bh : body HTO, bo: body OBT, fh : fruit(ear)

HTO,

fo : fruit OBT.

b) water content of body() = Buwy X fbh or Bueay(fresh)-Bbody(dry).
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Table 2. Air humidity and mean HTO concentration during exposure.

A3y 9zq LE | HEA X379 5 EZA 3719 27489 P47 HTO &
A3 N CC) AdEE(kg/m) | BF AHEE(%) CL x 1% (Bg/kgH:0)
D1 89259 30.7 387 x 1072 ) 55634

D2 01y 302 435 x 102 92 63361

D3 94109 331 383 x 1072 79 62972
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Table 3. Input data for rice-plant.

BB BB G

H30% F1 2005F

mput data value
3719 E%E w0 (H,) 1000 m
A&F 3719 HTAHAEE () 0012 kg/m’
4712588 HTO £% A4$=(V, yro) 5 x 107 m/s
W712RE HT@) &% 3342V, ar) 15 % 10 m/s
A&F BE3%% (R, 0.07 kg/m’h
ER4 g9 Ao d)) 003 m
=42 27( dy) 0.10 m
293 27( dy) 0.15m
29 EF 3525(W,,p) 23x10™* (m/h)
E%Y TIE (O 04
ER52RE 71} FFE(F) 02
ERzRE 2 F58(F,) 04
EF3zRY e F5&(Fy) 0.4
e 07l 33 Hg (R 05

o ate) A71ZHT 4p)

B9 OBT-HTO W& +4 49 wzs (Ty,)
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1200h (50 days)
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2h
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0.17 d*
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Fig. 2. Sensitivity of the TFWT and OBT concentration
of the ear at the harvest on the input data.
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Table 4. Range of input data used for the sensitivity study.

0% F1K 2006F

values
input data

min. standard max.
3719 AdEE (p), kg/m’ 0.008 0012 0.024
V5% 423 +% (R,,;,) , ke/mh 0.05 0.07 1.0
EUFEZREY 7% E58(F) 0.0 02 0.5
olatel 33712 T gp), days 30 50 10
BAY OBT-HTO ¥% 4 £49) 47 5 10 2
71 (To), days
FAHHTO-o)AHTO B8 F2 &89 faw 05 2 10
271(Ty1), hours
B ZA ] F8 () 03 0.65 09
olatel £2 BB £y 01 0% o
#7189 F2 g2 or) %) 0.06 0.08 0.12

MY 290 Hw
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Fig. 3. Comparison of model predictions with experimental
data for the TFWT oconcentration of the rice ear.
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