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Abstract - Soil blocks were taken into culture boxes from 12 paddy fields within 5
km radii of Yonggwang and Ulchin NPPs and *Sr was applied to the surface water
at a pre-transplanting stage and 1~2 days before the start of heading. Following
the pre-transplanting application, transfer factors were investigated for 2~4 years.
In the year of application, transfer factors (m® kg"-dry) of ¥Sr applied hefore
transplanting, showing no regionally distinguishable trend, varied with soils by a
factor of about 2 with averages of 2.6x10™ for hulled seeds and 1.3x107 for straw.
Transfer factors of ¥Sr applied shortly before heading were about 2 times greater
than those applied before transplanting. Transfer factors tended to decrease with
increasing soil pH and exchangeable Ca. Generic values of ®Sr transfer factors in
the year of deposition were proposed for the Korean paddy fields. In the second
year compared with the first year, the transfer factor decreased more in Ulchin
soils, which were on the whole higher in sand content, than in Yonggwang soils.
For Yonggwang soils as a whole, the annual decrease in transfer factor was well
described by an exponential equation with a half-life of about 2.2 years.
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Table t. Addresses of sampling points for paddy soils

NPP  Soil
site code Address
Yong-

YA A% 1FF 437 A% B
SV YR av 937 $¥§ 42d 109
YC Ad 9%E F¥§ 4 252
YD Ad 94%E 948 A 81
YE A 3BT $58 439 49 5%

Ulchin UA 7% £33 59 Fd2¢
UB 2% &3¢ 59 #7279 36
UC 7% &3 5§49 449 6l
UD 7Z% €3¢ 59 =29 421
UE 7% €3¢ 59 4329
UF 7% €3¢ £¥% $£44 580
UG A% &37 54 1%
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Table 2. Physicochemical properties of the experimental soils
. EC (cmol) ¢
Soil pH OM CEC® T-N® Sand St  Clay Tex-
code (1:25) (%) (cmol) K Ca (ppm) (%) (%) %) ture
YA 49 3.88 145 0.43 4.45 2300 21 54 25 SiL
YB 5.1 3.32 11.1 043 4.39 1800 36 45 19 L
YC 6.1 312 13.7 0.35 877 2000 23 60 17 SiL
YD 58 245 10.7 0.75 512 1500 27 64 9 SiL
YE 59 234 114 0.79 251 1700 18 68 14 SiL
UA 4.7 4.08 12.2 0.45 1.7 1900 39 40 22 L
UB 51 227 13.0 0.38 1.91 1300 40 37 24 L
ucC 5.5 354 106 0.39 241 2000 61 29 10 SL
UD- 5.2 3.63 95 0.55 2.90 1900 61 26 13 SL
UE 6.1 1.70 109 0.94 352 1200 58 28 15 SL
UF 5.6 1.36 13.1 0.57 415 900 67 23 10 SL
UG 5.1 227 11.7 0.64. 157 1200 81 14 5 LS

® Organic matter, ° Cation exchange capacity,

4 Total nitrogen.
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Table 3. Transfer factors of *Sr for hulled rice seeds and rice straw in Yonggwang and Ulchin paddy soils

contaminated at 2 different times

Date of ¥Sr ®

Transfer factor (m™ kg™ '-dry)

=

e Soil ,
application . Seeds (A) Straw (B)

May 4 YA 2.1x1074+4,6x10°° 1.1x107%8.2x107 52

(PTS) YB 25x107+3.1x10° 1.5%107+2,0x10° 60
YC 1.7x107+5,1x107 95x107°3+2,0x10 56
YD 3.2x10™+2.8x10® 1.4x107%+3.4x10™ 4
YE 1.8x107+33%10°7° 1.0x1072£9.2x10™ 56
Mean 2.3x10™ 12x102 54

Aug. 12 YA 4.1x10™+24x10° 14x10%£2.2x10° #

(BTS) YD 78%x107+4.7x10”7 1.6x10%£6.9x10™ 21
Mean 6.0x10 15x107 P

May 10 UA 3.0x107+4.9x10°® 1.5%107247.2x10™ 50

(PTS) UB 35%x10™+2.8x10° 2.1x10%46x107 60
uc 3.6x107+15x10° 1.7x107%3.2x107 47
UD 3.1x107*85x10° 15%102£2,0x107 48
UE 2.1x10™ - 82x10° 39
UF 1.8x10™ 8.8x107°+2.8x10™ 49
UG 3.0x107*+1.8x10° 1.4x107%9.1x10™ 47
Mean 2.9x10™ 14x107 49

Aug. 13 UB 66107 2.3x102 35

(BTS) UD 1.1x10°° 33x1072 30
UE 25x10™ 19x10°? 76
Mean 6.7x10 25x1072 a7

® PTS : Pre-transplanting stage, BTS : Booting stage (around the start of heading).



9% 2 3 4

oL ugz Y¥Cgo] Vgr
o foldde AL Uedn. olgdd AL
Abbazov F([12], A[7] € H[9] Fo] Rug u}
o 2o

F97) Ao MEe g Ysr Ao A4t o
Ad Aelol vlad 2% ma g 2~3 u)
AT F7H8 9 93 YSr delArE 2}
RAE7t wusAY 3 2 v B E3sigct
oldl wme}t 7] HPHE 2L Ao %
g3t HA HolAse 87t dAZE 30 BER o]
AA Ao vld EyTh o) AL FA7) P4
o Fdd M ¥Sre o)A Az wE =
A9 7188 B8 T4 Hol dojd 5 9}
© AHd T #do] 9& AoR FAAY & 4
e FEAY NE(EFBNA 29 ZArle
)8 o] Ao $89 WEAM G5FIEH
P& ¥Sro] J1RE B3 F4E /)37 us
o ol ¥ Aol A oE =& BY Aol
TE 7HAL 8¢ H7] ddMe ¥y 7)RE
23H E48 Voro] WeE E4M F49 AR
oo f4A B2 olFdorwt At F (6]
A8 YCs dolAF YoM E olg ge
o] dAHF oY FHAF} AL A7) YA
Ade 7|z Ago] 38 oyt gt

E%e E40] ¥gro] Mot 2 WA Ho|A Lo
nA s S 2AE] $Etd EU EA
HolAlg 7 ABAFME F3 AL ¥ 49 ¢
o EY pHXDS WA Aol AF(Y=—-46x10"
X14+38x107%) 281 X8A CalX)9 #Y A
o) 214 (Yo=—19x10 "X +3.3x10™%) zboluwt g9l
A4 sl FBBAN ARE F U gdurd e
2 EYY pH/l 5255 E449 Ao ©o)
YAEH a9 47 AHHn Cak FEH
FFo oM Srzt AR BAC oerg E
%9 Ca §Fol £S5 Sre 47 dAHE
Ao Z A Yu[10,13]. B AT E o

g % e o2 0L

[o

f
fro

A Y e Bgoryy wzd dad S5 Ao 21

9} GALSHA E%9 pH 2 A4 Ca &3] =
252 95 Aol A%t BAstE Ao
Yot 72L& AE Ao dFsq AH 124 4|
= Yorel 9 @ WP AojASF dFd S
2 EXE F 59 2o] A%stnA o o7
A HEAE oA FAHY A¢ F AE HA
AolAlT AEHTANZ Yy Y7
A% YolA dws M Arle wE
et Ao thEME ojAA HHe 25 Hi,
Wad g oA HH9 1
o] QXX+ MEZE 97 2747 vyee Y2 A
& FA-HAFojof & Ao}

—_—

o]47 AqAE ¥Sro] FFES o 15 em
Holz2 £¥d Ao &  JoER ¥ 59 #

F FERREUESIER(SYY =EYY A$ o
A2 180 kg mI6)E FAELEZAN YFHog
B¢k 2% 71F9 oA G (TFmy, unitless)® 3+
Ag ¢ ot oA s TFu/t 2¢9 49
47x107 WA A% 23x10%] B} o] Z[8le
Ao bdd v EAXZ 17x1078
Aa v Uk o] FL Td EYAMY A
o ztet Aojmz YHRAZAY AIET ¥
B oolg B A92A% vug o gy ¥y
9 %9 U3y FUHE 2HE Aol
g & Ao dAdEY. A A7]e] 4¥
¥E Aoz A FFHY HEE 7 AE 10
k)l ¥Srg A Astn A¥E A %
W &g AolAFst EY wt dAZ 3.0x10°
2-10x107'9 MY Aow AT & Y ¢
wHoz TES A7) Fe5E HolAFst A
Ak A¢ 1Y 9@ B QT Zdg 19 A
Y 2z Q17eted TFmo) JEAZ 42 7
$ 50107, MAY A¢ 25¢10° A= A7
A #ddd

~.{

;

o X

Table 4. Correlation coefficients between soil properties and ®Sr transfer factors for rice seeds and straw

Transfer Soil properties

factor pH OM CEC Ex K Ex Ca Sand Clay Silt
Seeds -0466 0232 -0453 -0242 -0547° 0322 -0.106 -0.338
Straw ~0579" 0298 -0225 -0494 -0486 0112 0.190 -0.199

* statistically significant at p=0.1
™ statistically significant at p=0.05.
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Table 5. Proposed generic values for %Sy transfer

factors in Korean rice fields

Generic value (m™ kg'-dry)

Time of

Deposition Seeds * Straw
PTS® 26x10™ 1.3x10°
BTS ¢ 65x10™ 2.0x10

? hulled but unpolished rice seeds
b Pre-transplanting stage
¢ Booting stage : around the start of heading.
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Fig. 1. Annual variations in ™Sr fransfer factors for

hulled rice seeds after its pre-transplanting application
onto Yonggwang paddy soils in the first year.

O 2nd year B3rd year B 4th y‘e rmi

100 —

5 E“}

YD . YE

60

40

% of the 1st year TF

YA YB

Fig. 2. Annual variations in %Sr transfer factors for rice
straw after its pre-transplanting application onto
Yonggwang paddy soils in the first year.

@Seeds BStraw |

100

80

60

40

20

% of the 1st year TF

UA uc UE UF UG

Fig. 3. The second year's %Sy transter factors for hulled
rice seeds and rice straw in Ulchin paddy soils after its
pre-transplanting application in the first year.



=

94 2 23 ¥4 74 = EY

'r“.ﬂ

~5%7F Wd A7)t B¢ BEF
oz &Y. ojg o] *
2 53 elg AYo
7} BrbEs A ok 23 8 ¥ele A3

B9ty golxmg ¥Sre] B o)
¥ ¥4 v ddsidax g2 gy 24
F5E&0 %"\6}71] 2o o]y Aoz E 4
o oI Fsr AelAFY Fas Edd JgF
2ol F5d we AAnge Yo Al
o o 2A 7193 Aoz AdEH oA
F E v dAz 2 gFo]
EdoA AA 23 Qx| thﬂ?ﬂ#gl A AT
7t Ze A dEME dAHT ik gt
Hog By o] ¥&FE WA Sro] EF
o & F&8A Zaa AR A ojFse A
o2 B3y §ig20.21)

B

5 o9
J\'m - |° o

nliml"i’r‘o"dw

i‘ FH'JWHEHULH\’O*L
O,

._%Z‘_

HoIA4e] Wxaty
3% £o0 a4 97 %5l AT 2 Y

9 BoAFE 2% PA Wi e Aol
A4 Waae P AL 28 4 % 59 2ok

e BANE BRI T A 7Y
AT B AT 9% A5 olgHE 2
& @aHoz % oele Yojnz ¥ A
Ax 14 9E FolA%e] BE 24 dad o)
Aol AEgd dstel oal X 2o g
FEEe AL

229 A4 PAUAXG 14 UE AoIAS

of tha Z dxd AolAgy WEE(Y) Hd
AR fittingd) YHNE Y=-207X+1224 (r
=-0996), AsA fittings] ;e Y=
1463e %% (r=-09853)et = #AA o] TR
o Y@ Agde 424 Y=-211X+1205 (r
=-00818) ¥ 2 Y=142.1e" "% (1= -09848) 2
e @“4 A4S AQA fittingo], ¥H
o] AL E AFA fittinge] By} 43T Aoz
Jeig o AAA fittingd) S BA 4 @ o
o AojAZo ] Fi 337}2'“ VeAel &
Rez TZOE]UE F 534 2R NS fittingS
Hete Aol £ AL Audy oA & 7
& AolAFY v E Ady ¥y ¥ 2249
2357} gtk o] ws)E A A AR, & Ysr
9 AaolF, EY 9 1A, FJEA FF9
& 3% ZHAE FAd 2} U GEA
o|RE AHEEH A JFA HAA diste Ao
&3 et glenz o g #AE Aot B
P o] B &£ AQ AF 14 A5 2

s Ay

ozRy ¥z dapd ¥ Aol 277

120
100 1
80

60 'y =14631e70%"%
40 | (s2=09709)
20 } ‘

y =-20694x + 12243
(r* = 09933)

% of the 1st year TF

0 1 2 3 4
N® year after deposition
Fig. 4. Relationships between %Sr transfer factor for

hulled rice seeds and elapsed time after %St deposition
onto Yonggwang soils as a whole.

120

100 | y =-21074x + 12053
80 | (r? = 09639)

60
40 Y
20 +
0

= 14209¢ ™31
(r? = 09698)

% of the 1st year TF

0 1 2 3 4 5
N® year after deposition
Fig. 5. Relationships between %S transfer factor for rice

straw and elapsed time after %y deposition onto
Yonggwang soils as a whole.

4 dE g "olAFe Aol & o WPy
Adsle] @@ A sy @k

o F98 H $9 2o =AY
AEA FHF 7159 HolAFd
3t olt}, wheko] HojAlFE uid
Fgol 281 94 oo EFU ¥Sry ¥E
1geg FavhE wizdvE 22 dEG ER 2
@ Aoy AL EE B P w7}
Astols 2 FHEA -‘S#l & uid a3
o & o} o] A%o: ¥ro] Zé,oﬂ g A
o] AF Zawg FAA He Aolth wWatA
o] o ¥sr AojAF #A 0194011 PSre] A
3 o5 2 FEA Food B#E EF EQU F
T A% HE g o &3 o} gt}

34 [)e Foro] =0 AT F 50 A7
goh) 258 d&3d dojA EG 4% 1
R g Z}aﬂu F5d We vE Faw = 23
A gn AAFA AT FZolFW 1=5 Za

vl

JlN

uri

.

Q



278 PO @E L - #2285 H45% 20034

g Tste] £9¢ 42 91x10° d'E HE

v ok olgA W EQ ¥Sr sxo ul
e % 21 do] Hol B AF ZHY wud
g Frjdoz v FHdFssHd Rez E
& 9ot wed =M 9 ¥sre ggg A4S
2R o g FAHQA FZol "agy FA
o 9o ge Wz AL 1 ¥ Bas)
dei B},

A2 PATHWAY Ed[22]oiaE %sro) v
EF5o w2 AAY AJLF 9
& e a($2E 44 1 66x10° dN)E 1

913 ECOSYS-87 EH[1llME A2 5o
3 FERA(EEE S 31x10° dHe 1A

d E5AA(TAE AF 1 90x10° d)E
zstn do. ol HAEZ W oA
Ysrel Wxbd g4 FEE o23dr 2 A
Yagnd B e QA 2 Rou
PATHWAYY ECOSYS-87 @& MolA ot
0] Aoz WA F AFo AT A
ojeR = d&A a2 AEIe A HAE
A gon 2o

4 £ ook 2

¥

2 1ok

a4 &

4% 2 &3 943 F3 12 39 EEYS A
wjAdale] dduZ AFstY 24z g ¥
ol old ot 2 F A 4 EF AF 124 Ad
USrg @49 Fde HFsn 2~4 do] AH
AolA4E A A,

A7 14 dE Ho ¥Sr AolAs4E: EG 2
A 7lo @ a7t F ANE BF 2 4 AR
d 3391 ojg2u¥ AIHY A¥: Yey
2 gsid, BeEy F Y EYGE i@ AN
Ay Ao Yzt Fsre] AHA7E T Bl
Rodz ogyg AYd g YEANE AS-
AotstA. A% Q2 AREC] AAHE =2
WEXNE Bg-AAFor & Rolh He ¥5r A
o AFE HAZ EFS pH ¥ X84 Ca &3
o] Z/IAFE Zrdgoerng HiEH ud
Me o8d EY SHES nedtq AoAFE
2R 9% 91 Aot

A 14 o g 23 dx AolA 4o 7
2 ARE 5 A9 2 gA g24 ey F
718 A% H7td JAME Addz 2 3§
of & A7t glgol JAHNY. 9% EY A
S AHF 497 G349 F7to W AojAS

N
|~

gtzkz)7b 22 4 ARY AFFR
t. =dA ¥Sr AojAFY Wt
Hsre) Astol el 7 2A 71908
AEH A

o
o b

o oy
b b

Y rl
i

e 2o to
=1
)
ol
[

UMl 2
2 a7t Rasevst Fase 949

7) 479 4oz FYAAFUT

ol
3}

Zagd

1. H Miller and G. Prohl, "ECOSYS-87: a
dynamic model for assessing radiological
consequences of nuclear accidents,” Health
Phys., 64, 232-252 (1993)

2. 343, dB5, 3H, o3, ojFY, “dA
g Alny gan w3y Y g es 3=
o Z dietAbde s x], 27, 127-146
(2002)

3. USNRC, "Calculation of annual doses to man
from routine releases of reactor effluents for
the purpose of evaluating compliance with
10 CFR 50, Appendix I, Regulatory Guide
1.109 (1976) \

4. 1AEA, Generic Models and Parameters for
Assessing the Environmental Transfer of
Radionuclides from Routine Releases, Safety
Series No. 57, IAEA, Vienna (1982)

5. Y. H. Choi, C. W. Lee, S. R. Kim, J. H. Lee
and J. S. Jo, "Effect of application time of
radionuclides on their root uptake by
Chinese cabbage and radish,” J. of Environ
Radioactivity, 39, 183-198 (1998)

6. 383, YFE, 485 F, JgF, o), ‘1
3 4% =EPd g “Csd 2t HH
A EG-8 AojAF" thAAE 53] R,
27, 207-215 (2002)

7. ZAA, Strontium-903 cesium-137¢] SEY
¥ g3y £rAd F54 44 B 4
T, BAE =8 st (1985)

8 olRE, oS, A83 5, A4 2 £%4 9
g wAbd RN EAGF § 2= Y,

- KAERVRR-998/90, =948 d+4 (1991

9. 83, A4, oA, 34, oAHE, “H
AW HE AR Bg ¥Mn, ¥Co, ®Sr,



10.

L
12

13.

14.

15.

16.

17.

18.

19.

20.

9% 3 £ 94
Biese) meES gedaAAgess R 2,
255-263 (1995)

J E. Til and H R Meyer (Eds.),
Radiological Assessment, NUREG/CR-3332,
ORNL-5968, U.S. Nuclear Regulatory
Commission (1983) ‘
o] 2§ 5, 48 FEF, FEAL AL (19%)
M. A. Abbazov, I. D. Dergunov and R. G.
Mikulin, "Effect of soil properties on the
accumulation of ¥Sr and ™Cs in crops,
Soviet Soil Sci., 10, 52-56 (1978)

A. ] Andersen, "Influence of liming and
mineral fertilization on plant uptake of
radiostrontium from Danish soils,” Soil Sci.,
95, 52-59 (1963)

C. W. Francis, Radiostrontium Movement
in Soils and Uptake in Plants, TID-27564
(1978)

J. F. Cline and W. H. Rickard, "Radioactive
strontium and cesium in cultivated and
abandoned field plots,” Health Phys., 23,
317-324 (1972)

H. M. Squire, "Long-term studies on
strontium~90 in soils and pastures,” Radiat
Bot., 6, 49-67 (1966)

B. Salbu, D. H. Oughton, A. V. Ratnikov,
T. L Zhmgareva, S. V. Kruglov, K. V.
Petrov, N. V. Grebenshakikova, S. K.
Firsakova, N. P. Astasheva, N. A.
Loshchilov, K. Hove and P. Strand, "The
mobility of ¥iCs and ¥Sr in agricultural
soils in Ukraine, Belarus and Russia, 1991”
Health Phys., 67, 518-528 (1994)

A. L. Kliashtorin, F. A. Tikhomirov and A.
I.  Shcheglov, “Lysimetrical study of
radionuclides in the forests around the
Chernoby! nuclear power plant,” J. Environ.
Radioactivity, 24, 81-90 (1994)

Y. H. Choi, K. M. Lim, H. ‘G. Park, D. W.
Park and W. Y. Lee, "Long-term behaviors
of *Mn, ®Co, ®Sr and “'Cs in a simulated
rice field” in: Proc. of Intern. Symp. on
Radiation Safety Management 99, pp.
128-136, Taejon, Korea, Nov. 4-6 (1999)

A. Tsumura, M. Komamura and H.
Kobayashi, "Behavior of radioactive Sr and
Cs in soils and soil-plant system,” Report

= = ggdogrg waze day YSr Mo

21.

22.

279

of National Institute of Agricultural Science
- B, No. 36, pp. 57-113 (1984) (in Japanese)

Y. A. Ivanov, N. Lewyckyj, S. E. Levchuk,
B. S. Prister, S. K. Firsakova, N. P.
Arkhipov, A. N. Arkhipov, S. V. Kruglov,
R. M. Alexakhin, J. Sandalls and S.
Askbrant, "Migration of ¥ics and ¥Sr from
Chernobyl fallout in Ukrainian, Belarussian
and Russian soils,” ] Environ.
Radioactivity, 35, 1-21 (1997)

F. W. Whicker and T. B. Kirchner,
"PATHWAY: a dynamic food-chain model
to predict radionuclide ingestion after fallout
deposition,” Health Phys., 52, 717-737 (1987)



