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Abstract

This paper describes a compartment dynamic model for evaluating the contamination level of
tritium in agricultural plants exposed by accidentally released trititum. The present model uses a time-
dependent growth equation of plant so that it can predict the effect of growth stage of plant during
the exposure time. The model including atmosphere, soil and plant compartments is described by a
set of nonlinear ordinary differential equations, and is able to predict time-dependent concentrations
of tritium in the compartments. To validate the model, a series of exposure experiments of HTO
vapor on Chinese cabbage and radish was carried out at the different growth stage of each plant. At
the end of exposure, the tissue free water(TFWT) and the organically bound tritium(OBT) were

measured. The measured concentrations were agreed well with model predictions.
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Transfer rate
Constant(h™) leafy plant root vegetables
Ki;”
K, 0.693 (Raskob, 1990) 0.693 (Raskob, 1990)
K33 3.42x 107 (Raskob, 1990) 3.42 x 107 (Raskob, 1990)
Kiha 0.139/u  based on 0.347 0.139/ 11 based on 0.347
when p=0.4 kg/n’ when u=0.4 kg/m’
Ko RKon oMo/ M,” RoKon oMo/ M,
Ko ss VarroHu + (2/18) X Regi/M, Vanro/Hp + (2/18) X Ryui/ M,
Ka (K ssMaK 3 oMo (1-Ro) /R oK o M)/ Mss | (Ko 55Ma=K3,52Ms3-(1-Ro)/RaK o pnMo)/ M
Koson (1-Ro)/R.K o oM/ M F -
K2 on (1-R)/R K, pn M/ Mo F -
Kison (1-R)/RK b Mo/ Mi3F3 -
Kesm (1-R)/RK o ohMo/MisFy
Koom - (1-R)/R Ko phM/ Mo F,
Kssm . (1-R)/ReK o on Mo/ Mi3F 3
Koo Ki3.53M,s/M;) Ks5.53Ms3/Mi;
K2 K3.3Mos/Ms3 (=K3.03) Kis3,53M;3/ M3 (=Ki3,53)
K2 (KoassMat K2 5 Mi2) /Mg ~(Kism +Kis0) (Ko ssMat Kz 5sM;2)/ Mis -(Kss o +K5.0)
K23 (Ko, s2Mst K3,oMo3)/Mp ~(Kiz0 TKa) | (Koss2MostKi3,0Me3)/Miz -(Ks2.5 +Kzm)
Konpo 1.386 x M,/Tyr/My, 1.386 x Myo/Tsy/Myy
Ko (1-R)/R K o ss Mo/ My
Ko on 2(1-R)/RK s oMo/ My,
Kingo 1.386 x My/T/Myy
Notes:
a) Transfer rate constant from compartment i to j {a: atmosphere, ss: surface soil {surface water for rice), s2:
surface 2, s3: surface 3, bh: body HTO, bo: body OBT, fh: fruit HTO, fo: fruit OBT)
b) Hydrogen inventory of compartments is calculated as follows;
-M,=Hn x p, x RH, x (2/18)
“M_=1000 x di x 6x (2/18), Mz=1000 x dy x & x (2/18), M,=1000 x dy x & x (2/18)
- My, = Boow(fresh) x fu, x (2/18), My, =By, (dry) x f,; (W15, 5
- My, = Brouy(fresh) x fy, x (2/18), My,=By,(dry) X fo ()
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ture, mean air humidity and mean air moisture HTO

Saturated air |{Mean relative air| Mean air moisture
Exposure | Exposure l,:genig humidity during| humidity during H;II'O_concentration
o exposur exposure uring exposure
case date ("c) kg m% RI? (%) Co ﬁq mL §)
cabbage-1 | 23 September| 26.8 0.026 86 70,500
cabbage-2 2 October 29.1 0.03 83 30,200
cabbage-3 | 15 October | 304 0.033 78 43,200
cabbage-4 | 27 October 194 0.017 89 147,000
radish-1 | 28 September| 34.5 0.041 74 45,600
radish-2 8 October 285 0.03 78 63,000
radish-3 16 October 152 0.013 68 185,000
radish-4 28 October | 269 0.026 70 112,000
radish-?5 | 5 November | 19.8 0.017 76 95,400
< BAs] 913t FEE Yo) uEk EGA T O
B (a) exposure case: Cabbage-1 | T____ : Pathway A
AL HZo] F5E Fo V|2 RE ] AT il 10" ] :Pathway B_|{
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Fig.3 Calculated concentration of compartments for the
exp of (a) cabbage-1 and (b) radish-1
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Table 3. Input data used in the model prediction

input data cabbage | radish
- height of air mixing layer, H,(m) 1000 1000
- mean air humidity during growing season, (kg m™) 0.012 | 0012
- deposition velocity of HTO to soil, V,,..(m h™) 180 18.0
- mean rainfall rate during growing, R, (kg m”h") 0.17 0.17
- thickness of surface soil or depth of surface water, d,(m) 0.05 0.05
- thickness of soil 2, d,(m) 0.1 0.1
- thickness of soil 3, d.(m) 0.15 0.15
- mean water fraction in soil, 0.2 0.2
- contribution from surface soil of root absorption, F, 02 0.2
- contribution from soil 2 of root absorption, F, 04 04
- contribution from soil 3 of root absorption, F, 04 04
- air-plant equilibrium ratio, R, 0.5 05
- growing period of plant body, T.{d) 45 60
- growing period of radish root, T, (d) - 60
- effective half?life of tritium loss from body HTO to fruit HTO, T, (h) 2
- water fraction of plant body {leaves), f,, 0.95 0.90
- water fraction of radish root, f, 0.87
- hydrogen fraction of organic component, f,, 0.08 0.08

-325-




dJ. Kor. Rad. Waste Soc.

Vol. 3(4). p.319-328, Dec. 2005.

10" T T T T T T

~ 1 TRWT 3
- 2

4 10 3 s : Expdata 3
2 10°] - Model prediction | 3
£ 1074 1
1$) i E
= 10% 4
ST .
g 109 " E

§ 10&% m ‘_.T ‘—'—l -;
O 107 e —L

T
Radish-1 Radish-2 Radish-3 Radish-~4 Radish-5

—T 17

joBT T
] o :Expdata N

[T Model prediction
10'5;

i

Radish-1 Radish-2 Radish-3 Radish-4 Radish-5

.1 o_|
Coprieare(BA kg 'DW) / C, (B L)

exposure case

3 TRWT

n : Exp.data
1 Model prediction

L")
3 3
usl sl

FWT,loot(Bq L-1) / Cao(Bq
33 3 3
ul ol ¥

PRYTT BERTITT BEWTIT™ R

3
)

| ud o

e

T T
Radish-1 Radish-2 Radish-3 Radish-4 Radish-5

CT
811

E T R

102 OBT A :Exp. data ]

C__1: Model prediction l

10° 4 A o A
A A 7S

-1 o -1
COBT,raot(Bq kg DVV) /Ca (Bq L )

1

T T T T T
Radish-1 Radish-2 Radish-3  Radish-4 Radish-5
exposure case

Fig.5 A comparison of model predictions with
experimental results for TFWT and OBT
concentrations of the radish leaves at harvest
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Fig.6 A comparison of model predictions with
experimental results for TFWT and OBT
concentrations of the radish root at harvest

=3t} 6 Ao OBTY AFEAI7} TFWTHL oF
2~38) 2 AL 74¢hebH17,18], EE AFH= g
A% dl&A] OBT ¥=9] $a84d0] thA] Zxdn.

U, A 29 vuw

o) gl ZAE A8l &, wiFol d3) &3
2 Agvojee} 2d ojZgho] v EHYY & Al
Abe & 30 gokd FEUHHOIHE 0|83t 5
F=on, A3dole el e HuE T UY
tlo]El o] BAYL £33A] gt BE vt dF
Z 7] $8¢] HTO FF F= Ug &9 45
S FENZ ZAFHJG viF E Foll ojg ¥
AE 1Y 4 ~ 1-6A BHoE,

i3 TFWT 52 2P Aers 9F A4
o] £33 JIEFE 71 AR Bl FaL
JEd ol WEYF £8Y HFo] FHoR &

o} it SAHE AlRtel FAHJ7] wEe]




Evaluation Model and Experimental Vadlidation of Tritium in ...

o wFe] BE o] AY TFWT FE9 2ddj
ogt &k Aol & YAISaL it w3
o] OBT ¥=v HZ Ao 4@ glo] v ah-&
HFa glom mde o3t oS & fAFSE A
E HojEr) o] OBTE HIAE AE5il 58
7HA] frES EAgle] A ol EAgthe £ =Y
o] 7hgol it et de RoFE Aotk

T o TFWT s%+ HF Yol £8dd 77k
FE AAE A2 AFHAHIH 5). vixd 2
7} 7 Bgle] TFWT FEdA e #F ALY
6). ol wiFe} viRA R AEra 9E T 2
A7pR| o) Hgard E4 AlRbo] At F o] #3t7)
Folct. 9Z2AH radish-1 ~ radish-39 gk 3%,
] TFWT 2+ Afdog 9} =Y o5 Fho] £

AFsL 9 © v radish-4 €} radish-5 73-9-9] th3jr= =
ol o & 54 BA T AZAAL 2 Qo)

OBT =0l 3t A8 dae} nd &A= vjas
& dAL glont, 7 Hele) OBT mdof
&gt o3 gho] 49 wlolH R} 2-3 vl A Yebst
o}, os} Zo] BZ o] - ER A o Xfo)
Azt thEA vehd e e TEER T B%
Fef el ztolel] o3 71Q1sh= A es Helnt, ZElld|
ME T FEY A 593 4T S A8
e b, B E ARA 2 9l E Aede e g
TEM A&FA FES AMEEER LEWER &
2o A% Awrt mde] e Uxrt glod
o] AA A vhet ol 0% A 3%
of == s g7k 5 Sl

N Y
O -

V.32 &

HErs B4R 09 Whe 9% $HFAR
o] AASITE, AN wele] 79 BAe
Ng =% Holr ol ABo] A% FHol e
W wHE WL 5 Y Aol A 2D o
A B mdo] Azl e &R ohuet
SZAHol o] el A4 Aol the 9T R
£ 2 2T 5 Yee ne] 2T ¥, vl o)
% 912 248 A% 290 &3 ASgT Ao

0ol g

TEY

-327-

2 2 QAsE Aoz detith, $UF A%z
A% 2ge] 4% AEE WS A A2 7

o 2 A7e B Ans rad
59 el o AE, AHoE
Fehcdl 83 B89 2

=
o

AR 2

Fngd

[1] Anspaugh LR, Koranda JJ, Robinson WL,
Martin JR. The dose to man via food-chain
transfer resulting from exposure to tritiated water
vapor. In: Moghissi AA and Carver MW, eds.
Tritium. Messenger Graphics, Phoenix. UCRL-
73195; 1973: 405-422.

[2] Murphy CEJ. Modeling trittum transport in the
environment. Rad. Prot. Dosimetry 16:51-58;
1986.

{3] Diabate S, Strack S. Doses due to tritium
releases by NET- Data base and relevant
parameters on biological tritium behavior,
Forschungszentrum, Karlsruhe, Germany: Report
KFK 4713; 1990.

[4] Raskob W. Descriptions of NORMTRI: A
computer program for assessing the off-site
consequences from air-borne release of tritium
during normal operation of nuclear facilities.
Kernforschungszentrum Karlsruhe, Germany:
Report KfK 5364; 1994.

[5] Peterson S-R, Davis PA, Tritium doses from
chronic atmospheric releases: A New approach
proposed for regulatory compliance. Health
Physics 82:213-225; 2002.

[6] Raskob W. Description of the new version 4.0 of



J. Kor. Rad. Waste Soc.

the tritium model UFOTRI including user guide.
Kernforschungszentrum Karlsruhe, Germany:
Report KK 5194; 1993.

[7] Russell SB, Ogram GL. ETMOD: A new
environment tritium model. Fusion Technology
21:645-650; 1992.

[8] Smith GM, Robinson PC, Stenhouse MJ. *H
foodchain modeling following short-term release
to atmosphere. Intera Information Technologies,
Chiltern House, 45 Station Rd., Henley-on-
Thames, Oxfordshire, U.K: Report IE3947-1,
Version 2.0; 1995.

[9] Higgins NA. TRIF: An intermediate approach to
environmental tritium modeling. J. Environ.
Radioactivity 36:253-267; 1997.

[10] Guenot J, Belot Y. Assimilation of *H in
photosynthesizing leaves exposed to HTO.
Health Physics 47(6):849-855; 1984.

[11] Raskob W. UFOTRI: Program for assessing the
off-site consequences from accidental tritium
release. Kernforschungszentrum Karlsruhe,
Germany: Report KfK 4605; 1990.

[12] Diabate S, Strack S. Organically bound tritium.
Health Physics 65(6):698-712; 1993.

[13) BIOMOVES II. Tritium in the food chain:
intercomparison of model predictions of
contamination in soil, crops, milk and beef after a
short exposure to tritiated water vapor in air.
Swedish Radiation Protection Institute,
Stockholm, Sweden; SKB TR 8; 1996a.

[14] Kuester JL, Mize JH. Optimization techniques
with Fortran. New York: McGraw-Hill Book
Company; 1973:240-250.

[15] Choi YH, Lim KM, Lee WY, Diabate S, Strack
S. Tissue free water tritium and organically
bound tritium in the rice plant acutely exposed to
atmosphere HTO vapor under semi-outdoor
conditions. J. Environ. Radioactivity 58:67-85;
2002.

-328-

Vol. 3(4). p.319-328, Dec. 2005.

[16] Diabate S, Strack S. Organically bound tritium
in wheat after short-term exposure to atmosphere
tritium under laboratory conditions. J. Environ.
Radioactivity 36:157-175; 1997.

[17] International Commission on Radiological
Protection. Age dependent doses to members of
the public from intake of radionuclides, Part 5,
Compilation of ingestion and inhalation dose
coefficients from Part 1-4., Oxford: Pergamon
Press; ICRP Publication 72; Ann. ICRP 26(1);
1996.

[18] International Atomic Energy Agency.
International basic safety standards for protection
against ionizing radiation and for the safety of
radiation sources. International Atomic Energy
Agency, Vienna, Austria; Safety Series No. 115;
1996.



