J. Korea Asso. Radiat. Prot.
Vol. 28 No. 1 : 9~18 (2003)

E&R YW
TFWT and OBT Concentrations in Rice Plants

Exposed to HTO Vapor during Daytime and
Nighttime at Different Seed-Developing Stages

Yong-Ho Choi - Kwang-Muk Lim - Won-Yun Lee - Hee-Suk Kang -
Heui—Joo Choi - Han—-Soo Lee - Silvia Diabaté' and Siegfried Strack!

Korea Atomic Energy Research Institute
1
Forschungszentrum Karlsruhe

o A g & F7F 2 o7k HTO %71
9 ZA TFWT 2 OBT 5%
H435 AR5 -0l 9& 23N -F 85 -0 g5 -Aul ol ofutg -

AJEQE%EQI

s A AE
gz ﬂ@%ma
(2002 3¢ 169 A=, 2003d 14 64 A=)

Abstract - Rice plants at different seed-developing stages were exposed to HTO vapor in
an exposure box for 1 h during daytime and nighttime to investigate the levels of tissue free
water *H (TFWT) and organically bound *H (OBT) in different plant parts. In the daytime
experiment, TEFWT concentrations in leaves at the end of exposure (hy) were around 100%
of the 1 hour mean HTO concentrations in air moisture whereas in the nighttime experiment,
they were as low as 30~40% of the air concentration. TFWT concentrations in both
experiments decreased very rapidly in the beginning but much more slowly later and those
at harvest were hundreds to hundred thousands times lower than those at he. OBT
concentrations varied with time in different manners depending on plant parts and exposure
times and differed between at hy and at harvest by factors of less than 10 on the whole.
Even during nighttime exposures, OBT was produced at about a third the rate for daytime
exposures. The degree of the conversion of airborne HTO into OBT in mature rice seeds,
being several times higher in the daytime experiment than in the nighttime experiment, was
highest after the exposure performed at the most actively seed-developing stage for both
experiments. It is estimated that OBT would contribute much more to the ingestion radiation
dose than TFWT if rice plants are exposed to HTO vapor for the seed-developing period.
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o - HE Ao THGAEE T L oo 1 AR B¢ HTO F71o & A7
nowz z2AZ4% *H (TFWT) 2 4714
(ho) %9 TFWT FHAYANE FNFES
U Rt Ao e 30~40%0) Batstgt) F-opzt 9 E E_—‘:r TFWT %Et Z7lde 29 7
237 UEds g4 (A3 2R FEAGE hol vl F9~5u ow @eich OBT
FEE 7Y 2 AEZA7Y we waedde] BR A host FEA 2 Aol tiAE 10 ¥

2tz A
1*}0}31‘4 HEEs 4%
FEY 100% WdH e

-
BE=

ek RN E 3
Ad OBTZY Az AZ+&
o g H47) HEA0 g
HIZ o] TFWTHT 44
ZA0 1B, HTO 371, 1=,

Ax FUoE o 13 &

F2, Ok, ZARR A

ol
T71% HTOY &4
L Foob AT BE A
ik 9 7] o HTOoﬂ HEZFW OBTY o8 A

Zog OBT7 M‘:‘WE}
FUAHEA I ERY F v =
=9, 87} Ag
Z Aoz FHHAPL
2

&t
=]

N

oF

, 7l



10 Bt RB B @ - H28E FIH 2003F

A&

EfESCH, TV 942, AXg AH 2 1
e AFFE 59 7% Ao BBz WE
o] 2A $HHE HAF[1-3loltt. AAFANLEY
B o7z $&HE ‘HY ¥eE 2A HT
(tritiated hydrogen gas)®} HTO(tritiated water)
o 5 7HA ol t2,4,5].

715 HTO® %57 ZHz 7138 53
of ZEA LolsA FFEH6] HTE F=2
EQgd A4d § EY A E 93 HTOZ A
e s #IAE FaY FFHAY drFez
N2 s FEH FFETH27.

AEAd F58 HTOF 43+ FEA 9 gl
Zt-go] o8] OBT(organically bound tritium, +
7] A%¥ tritium)E Ho} AU 2HH31 Uy
A& g HZHAY  TFWT(tissue
free-water tritium, ZAAFFF tritium)Z ZHE
A Wl EAetA AoH5689] WA H Bz
N3 MAANEMFE H7s7l HaME HTOY

of 2 ZAEAY TFWTS OBT $%& o
' Aol Faslt
&2 AR AJAd 9 A7t Al

2 HYERAQ vYAly ZdE o]
st UTH10,11]. 23 g8 A
=S FHEle AlaAldE FHRYES ALg3
of goH69,10]. oled FH REE Y3 ¢
A= ZAEA ASFT HTO 9 E A7jd £ 9
T3 N4 se mE H 55 #ge] g ge
Ay 257 e,

>

4849 AYY AEWoRRH £37] §
#7139 £¥% 24T B A7 717
Ads Fol e 8 82t Aoz
deiA o612l F, wolt B9 8oz )
Fol Qea gl oA BEA AT mey A
249 HTO §45 #=o 27 #4949 7ol

3 AHdAe @ASA  dAEd Reldh
Diabaté$} Strack[8]= ZLolA oj2g #Ae &

datAh

B dAFdMEe $euete FAZ20 v o
ato] HTO B & Aj71d 9 23 A7 5 o)
2 424U *H ¥= 982 B35ty Po &7
7} A8 A9 d71%F HTO &4 % OBT A =
of X e 2ALE7] Yt 2 do) AA

F7b3} ofzbe] HTO Z7] W ZA3 S maro] w
L7\ 5 ¥4 A4 AAsz TFWT 2 OBT
FEE FA} vlwstg).

(U

As 2 Iy

=4

7}2 41 cm, AE 33 cm, ¥°| 25
28 ZEJ §AsHT. TEW EY
2, 718 F 45%9 AHd GEHU.
AU FEEL opo] A EHoH v o)XY
A F JE3AFY A9 19979 59 269, oF
7} HEZAY A% 19989 59 22¥ otk A
AdEE= 13 4207 YEY 6 FH

o]4 2 YA LEY FE& BFHE(N:P:
K=21% :17% :17%) 6.1 g, 243} 15 g, *%H
Hl 50 g€ AXde BEFEY 4o FH oY
TolE ASsuAd w3 3o A4 EFHEE
Fujslgth o4 4+ dARY FEEZ BAEHY
9Y &R B¢ AHE FAGAT W AS
A7)l we dgAe FEAE FA A AX
A=

w5 JA
S i MO

rlo
)
o

it

-

2 HTOW =

3] wEA ke AdAE 58 cm (L) X
48 em (W) X 120 cm (H)9) 3 Z4 Ao oy
3 YEANZY, v EdAE F0H9EL 89 BY,
949 19, 92 10, oIt EL 89 2547 9¥ 1
dolgitt e EFE FUIYE o= 8¢ 14
o o7t E o 8Y 13¢A) AlFE ATt

HEAAE 59 FAFAAZA 35 g
ARl ALwA Fog Ho o A4Fe iy
o HTO &9 7}4A A, fan(7FEAA] vp2 2ol)
2 245 AME BAsYd 4Ee SAHE A
A7t e T4z Ho QY HEAAY §
AN7le 2% A E guz goldsty 3719
29S g JA A

A g2E HEGAY] vig Yo HFL 2
ol AR TS B F 2 m(mF 925
MBq)2] HTO £ &1 #¥ & 7HE3Ad
&elEn 607 15 volt, 1 amp.d} AHS FF
o 71dside 7tEd sA 9 fans A EAA
Za" HTOZ 4A Jd 1% XA A
Jtde] BY AFo= AR F4& 43 ¥

ToE =+
ol 9l blowerE 5 £33 FFAA AT 37|

G ofzke] A% 21 Aol AJFET HE Fi
T HEIE o]&std v 5 & Fo HEAAA UF
o F7 15 L& FFF7F 27 20 m9] vialol
ERAA FNF FES THFYL AR YFe



259 FEE 5 ¥ Hez 24 7|29y
QA ZL e dAHATLY BEAEE o] 43
At

NE A3 % WS 24

NEEE AFHH HT FENFINE 49
dAE 109 1049, g E AdoME 109 12
AR A7 ER 109 se] 24 g 3 &
718 NEZRE 7 cm AR 372 Ay
O 9 AF FEA0E 3 E7H 3o n ¢
&9 2718 A AT ANEE FUER

£l
ol -20 T2 ¥E- Rad § $2dxyes
ZARFFE F%3519 TFWT 528 2389
23

2 Azxd ZEA AR} AgE o4 &
719 FAR FET O o) FE 7 AR
of AL FAL LK FRE A9 Y
I SAZ ZHUATE AAMIE o)&dd F
A% F H09 o usAPS AF 2F
TFWTS 284 OBTE AAAY. LA A
de ANEES ZET FFAA P05 A ¥

rcl
il
32 ol
£
i
s
>,
F

2 Maaay
A (Oxidizer 306, Canberra-Packard)& o]&3}¢]

HAAA715 o) WS ALS4ZE 20 mi vialol
A3 34
Table. 1. Meteorological

exposure of rice plants to HTO vapor
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the exposure box during

Time of Temperature Rel. humidity Radiation HTO in air moisture

Code of ° exposure () (%) (Wm? (Bgml™)

exposure

Date Stage b Range Mean Range Mean Range  Mean Range Mean
D1 Aug. 25 MR 276-347 307 76.5-909 895 243-549 441 10182-77690 55634
D2 Sep. 1  EDR 27.7-326 302 88.3-925 917 267-384 326 21193-105764 63361
D3 Sep. 10 LDR 287-385 331 705-85.3 785 402-585 473 4305689991 62972
N1 Aug. 25 MR 221-222 221 838.1-935 919 ND ND 2246-252194 142324
“N2 Sep. 1 EDR 21.1-218 216 91.4-929 926 ND ND 13301-231110 136423

‘D" symbolizes the daytime experiment and 'N’ symbolizes the nighttime experiment.

® MR : Milky ripe,

EDR : Early dough ripe, LDR : Late dough ripe.
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Fig. 1. TFWT concentrations in different parts of rice

plants as a function of time after daytime exposures to
HTO vapor on Aug. 25 (D1), Sep. 1 (D2) and Sep. 10
(D3). Data are relative values as the percent ratio of
the TFWT concentration (Bq mi™"} to the mean HTO
coqcentration in the air moisture during exposure (Bg
mi).

8% SEIR 20034

ojFole M3 Zadte AFodth FJFAZL
Eoto F7|4E £ HTO Fd¥EE HTO %Cﬂ
o Ft&E Azl R AUgE, FE
SHAARAT YR 29 HTO F&%, ZEAY HTO
5% 5o 98 AAHE AR ofRIZA
F7ru £ ws FA o) =t

E2HU TIWT =

F9E

Svete] #2289 W 43 299
§AA o wt A 2o AAH FH l HTO %7]
NEAYES AN NLAT wet FEF F
9 TFWT 58 ZAE AL 13 19 2.
TFWT 35 AtsE2A fZ42 27 ¢
B2 HTOY HFEE(E Dol 3t 9Eez
Bt F9E 8 FA 5 (hy) YA A
5 100% WY 9.

Belot $[13] ¥ Amano%} Garten Jr.[l14]el ¢
3 RAEA °‘°1]A1 TFWTY HE5EE ESSF
% HTO ¥&E7 FAE ¢ 98 A=Y 4% o
o

A3} o] ARATY,

it

i

M

Cleaf =AR Caw
o 7] A,
Ciat © B4l dU) TFWT 5% (Bg
ml™)

A FEAHYAAN FF
TMJHhﬁli
R: ZdFE
Cav & 371F

715 T/HA d@ &%

¥Z HTO ¥% (Bqml)

ooz B u F7] #2F HTO =9 H 9
QW TFWT F5& ¥43o] 3£ Z¢ dAZ
1412 ojulell Hyo] sty & + JAh
Belot 5[13] 2 Guenot®?} Belot[15]9] ddolM =
9 24 U TFWT s%7F HTO HE A
FE 30-45 Euko] A9 Jéﬁﬂoﬂ g2 AR
yestth A A7) 3 EF D2 AusEsE 7t
F =ggds Bz HEEFE AT Y9
TFWT 2dlsZst 7P 22 AL YAkl 7t
z]— ;(40«!7] HH—‘?‘O] 7}4\3; EC\’JE}.

BZ2g AE L9l TFWT 55+ D29 D3
gAE 4 > ol > F7]9 Folfloy DldA
ﬂJr o4t gl 2ol 7b Qlith D1 HE A9

249 g x7|2N $AY AALF
*éo}ﬂ GAN HEEE A9 glojA o]t

.
T
L.
L



1 okt HTO %7] 9% A TFWT % OBT 3% 13

Table 2. Reduction factors of TFWT in different parls of the rice plants exposed to HTO vapor at different

seed-developing stages

Time of exposure

TFWT reduction factor

Code of ®
exposure
po Date Stage ° Leaf Stem ° Ear
D1 Aug. 5 MR 1.2x10° 6.6 107 23x10*
D2 Sep. 1 EDR 30%10* 21%10° 1.8%10
D3 Sep. 10 LDR 1.2%10° 8.0% 10 98x10°
N1 Aug. 25 MR 1x10° 15x10° 30x10*
N2 Sep. 1 EDR 55%10° 5.0 % 10% 9.1x10°
® D’ symbolizes the daytime experiment and 'N’ symbolizes the nighttime experiment.
® MR : Milky ripe, EDR : Early dough ripe, LDR : Late dough ripe.
¢ TFWT concentration at hy / TFWT concentration at harvest
d

Leaf sheaths are included in stem.
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Fig. 2. TFWT concentrations in different parts of rice
plants as a function of time after nighttime exposures to
HTO vapor on Aug. 25 (N1) and Sep. 1 (N2). Data are
relative values as the percent ratic of the TFWT
concentration (Bg mi™) to the mean HTO concentration
in the air moisture during exposure (Bg mi™).
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Table 3. Specific activity ratios between OBT and TFWT in different paris of rice plants at the end of their

exposure to HTO vapor (hour Q) and at harvest.

Time of exposure

Specific actvity ratio (OBT/TFWT) €

Code of * Sampling
exposure 1
P Date Stage ° tme Leaf Stem ¢ Ear ¢
DI Aug. 25 MR hour 0 - - 50x107
harvest 55%10° 9.4x10" 2.1x10"
D2 Sep. 1 EDR hour 0 - - 5.4x107
harvest 88x10° 3.8%x107" 59%10'
D3 Sep. 10 LDR hour 0 - - 87x10™
harvest 3.8x10° 85x107" 3.7x10"
N1 Aug. 25 MR hour 0 53%x10™ 12x%107% 20%107
harvest 54x10™ 49%x10" 33x10'
N2 Sep. 1 EDR hour 0 29x107° 16%x107° 1.8x107
harvest 36x10™ 1.3x10™ 3.2x10'

Leaf sheathes are included in stem.

and chaff OBT concentrations.

'D’ symbolizes the daytime experiment and ‘N’ symbolizes the nighttime experiment.
MR : Milky ripe, EDR : Early dough ripe, LDR : Late dough ripe.
OBT concentration (Bq m! '-combustion water) / TFWT concentration (Bq ml™)

When necessary, ear OBT concentrations were described in the weighted mean for seed



Bo 24 wsude] B2 F71 9 ofzk HTO 7] s %A TFWT % OBT ¥ %= 17

OBT FE7} o]ate)
0~60 Wi 7t = 7
dAE dAE ¢ i =oy ot FEdgxe
oj¢ Bt £7)9 ALeE
¥57b TFWT 5T 2okl 84 QoA
o] ujhALE M7} F Eo A ofztm Lol b)a]
R 2 AL Yo #H¥Aol OBT Ay 7+
Z29% 7 RoldE A LHF FH Q&
Aoz gt

AAE Bge A 249 71EF AIR o
o] @ by AWE F3d g 48 ‘HE
A gt A E o] FA Y diFEol
Adoln w3 AL OBT =t 4AS A
Z ¥&aAY oA Bgernz 849 OBTH
TFWT 7+ HdhAls HlE ojateth Holx A
URE g% Aow AT T3 FEA AU

i
30
K
HO
lo,

o] 48 ¥} AR 20% nivtels AP
olxl= OBT7F TFWTET 2~3 v A= & A
(619122 <#A Jorz AL o wE
BZL A9 AF OBTH 7ekes o2 &
% gAY, B £8% Az 9 Ao} #L
zgd W& TFWT B%9 72477 nH3d

OBTY 7qdxx d% zobd Aol

i 7tZo] S v AYRE A
AY9E TFWTY & 7}& ¢ TFWT pooldl
&34 "1 dFvute] 5% OBTZ A#HH 4
QdE OBTE HTOZ AgHAY & OBT= A
g9} o] W AYF OBT7F TFWTERH ¢ &
AAHoz ¥& OBTE AdHT FEANAAY
AEsx uwzr71:= OBT7F TFWTRY 84 70
Aoz gHA Yol old FEHY "2 HHY
o &R g 2 KA 71z OBTS TFWT 3H
Aggaelael ol T& e o 7+ A
o 9ol OBTY A 7j9dx7t TFWTRG
2 Aoy BT

vo] £3A) AU FHEE 7+ OBT ¥
o] (¥ 3 2 4) ¥ NHAWA JIF ARE
& °H A 9]

B H
T

A
oft oft o

o
ol

B o off
b
o
et
=2
==
o)
2a
=

UL
of
et

£ g
I

Hlo] vl ZA L&

g AR NG FHME
OBT¢ 430 TFWTRY R
dtt o OBTS TFWTe Add %
A 717 A&z AY #8714 77
2 d3ATRe v2A Yed Fk
oajo & Aol

or.
A
i

{o
e
do i W R M-

Y ot

= to Setd,
ey
o g
2 Eod 2

lo o
is]
u

¥2

a4 &

o AR} Az WEE HTO F719 =
gore] waoA ¥ dF o] A
0 4% TFWT 2 OBT 94 vAe
59 z2Abel7] 945t okdleld TES &
FH 2 opztel Age wHdANE IAF
}ab QoA 1 A7+ B¢ HTO F7ld AFAR

1o miy
i oo e

™o

=8

oy, & off

Kol

AEH 9 HTO FoE FA% 3 AEA7)0
Aol7k ggm ok ZelNE FUAWF &
13 302 934 A F4HE AR U
woh F9Eolq dFe] FEE AF e &
U TFWT ¥5& 3% AXE AR 143 ©
ol Bye) zaste Aoz FAHUG F-of
B HZgH BF 9E FEF TFWT $59 &
2&xE AZH A met A4 x4 TFWT
7d Wk Az g2 T4 Y 7ol &9
qte AL B FAh FHA TFWT &<
Foopt WE BF Z7) > 9 > olate] Folfl
» JE 8 A5 A5 JIFANY

% 2 el

w o~k ow @ ol Z& TFWT

2y Ax B3 8 24 EE Frd 0
A

drte Ho] ##
Doy FFA ol 7Fd A= TFWT
= gyt OBT

TE AR By 2 gEAslH wel
T Z7 ke G E
At 48A Ay OBT e 2F5Fd 4
g #~F4 ¥ =4 3%

HTOZ%E 484 24U OBTEY #% A=
L 29 E A oty ERYG £ W 41 F-
ob7t ME BE gool g HA7| EZAA 7}
A eobt} Aokl w&7)o F71F HTOA =%
B o 2uE £33 A4 HFHIELAFS G

>

2R OBTAHA vlEH TFWTS 932 ofF
g Ao oFHS

2 A E Anddyd Al glofA ta
MM FHol ddey HE gAY A =
AL mmx AAE ZAEL FEARA A
Fhof et -’F”‘%S NEEE A 2ATo2A

15
AzA ZEA CH 92 249 FHd /8T
JNEARE A &
o] £dw wdo HAZdx FEE F gs A

o7 P



18 WS G B et - H284 15 20034

dMe 2
°of 7 HrleRIt APT AdAREFYY)

AFALAY Y APy},

o

-]

1. NCRP, Tritium in the environment. NCRP
Report No. 62, Washington, D. C. (1979).

2. S. Okada and N. Momoshima, Overview of
tritium: characteristics, sources, and problems.
Health Physics 65, 595-609 (1993).

3. C. E. Murphy Jr., Tritium transport and cycling
in the environment, Health Physics 65(6),
683-697 (1993).

4. ]. A. Garland and L. C. Cox, The absorption of
tritium gas by English soils, plants and the
sea, Water, Air and Soil Pollution 14, 103-114
(1980).

5. S. Diabaté and S. Strack, Organically bouﬁd
tritium. Health Physics 65, 698-712 (1993).

6. S. Diabaté and S. Strack, Doses due to Tritium
Releases by NET- Data Base and Relevant
Parameters on Biological Tritium Behaviour.
KfK 4713, Kernforschungszentrum Karlsruhe
(1990).

7. H. Amano, M. Atarashi, H. Noguchi, S.
Yokoyama, Y. Ichimasa and M. Ichimasa,
Formation of organically bound tritium in
plants during the 1994 chronic HT release
experiment at Chalk River,
Technology, 28, 803-808 (1995)

8. S. Diabaté and S. Strack, Organically bound
tritium in wheat after short-term exposure to

Fusion

atmospheric  trittum  under  laboratory

conditions, J. environ. Radioactivity 36,
157-175 (1997).

9. Y. H. Choi, K. M. Lim, W. Y. Lee, S. Diabaté
and S. Strack, Tissue free water tritium and
organically bound tritium in the rice plant
acutely exposed to. atmospheric HTO vapor
under semi-outdoor conditions, J. of

Environmental Radioactivity, 58, 67-85 (2002).

10. N. A. Higgins, P. V. Shaw, S. M. Haywood
and J. A. Jones, TRIF a Dynamic Model for
Predicting the Transfer of Tritium through
the Terrestrial Foodchain, NRPB-R278, NRPB
(1996).

11. S-R. Peterson and P. A. Davis, Modelled
concentrations in rice and ingestion doses
from chronic atmospheric releases of tritium,
Health Physics, 78, 533-541 (2000)

12. J. R. Kline and M. L. Stewart, Tritium uptake
and loss in grass vegetation which has been
exposed to an atmospheric source of tritiated
water, Health Physics, 26, 567-573 (1974).

13. Y. Belot, D. Gauthier, H. Camus and C. Caput,
Prediction of the flux of tritiated water from
air to plant leaves, Health Physics, 37, 575-583
(1979).

14. H. Amano and C. T. Garten Jr., Uptake of
tritium by plants from atmosphere and soil,
Environmental International, 17, 23-29 (1991).

15. J. Guenot and Y. Belot, Assimilation of 3H in
photosynthesizing leaves exposed to HTO,
Health Physics, 47, 849-855 (1984).

16. S. Strack, S. Diabaté, ]J. Mueller and W.
Raskob, Organically bound tritium formation
and translocation in crop plants - modelling
and experimental results, Fusion Technology,
28, 951-956 (1995).

17. S. Yoshida, Fundamentals of Rice Crop
Science, The International Rice Research
Institute, Laguna, Philippines (1981).

18 V. Moses and M. Calvin, Photosynthesis
studies with tritiated water. Biochim. Biophys.
Acta, 33, 297-312 (1959).

19. International Atomic Energy Agency,
International Basic Safety Standards for
Protection against Ionizing Radiation and for
the Safety of Radiation Sources, Safety Series
No. 115, IAEA, Vienna (1996).



