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Soil-to-rice transfer factors of long-lived radionuclides for
paddy fields around the Radioactive Waste Disposal Facilities
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Summary

Soil-to-rice transfer factors of "I and **Tc, which are regarded as important
radionuclides in the environmental impact assessment for radioactive waste
disposal facilities, were investigated through greenhouse experiments using
radiotracers. For this purpose, paddy soils were collected around the disposal
facilities in Gyeonju over two years and carried to the KAERI experimental
greenhouse to prepare soil boxes for rice culture. Three and four different soils

29 and **Tc experiments, respectively.

were studied in the

The box soils were treated to be radioactively contaminated in two contrasting
ways simulating two different contamination pathways. One was to mix a
radioactive solution and the top 20 cm soil before transplanting and the other
was to add the same solution to the surface water in the soil boxes after
transplanting. Transfer factors for the former and the latter were described as the
ratio (TFm, dimensionless) of the plant concentration (Bq kg'-dry) to the soil
concentration (Bq kg™) and the ratio (TF., m* kg™) of the plant concentration (Bq
kg™-dry) to the surface-deposition density (Bq m™), respectively.

There were considerable differences in the values of transfer factors between
the radionuclides, among the soils and between the plant parts. The organic
matter content in soil was considered to be an important factor for the
differences among the soils. In the surface water, radionuclide concentrations
were higher for the TF, experiment than for the TF, experiment by a factor of
up to thousands depending on the radionuclide species and the time of
measurement. It is likely that the transfer factor values include not only the
contribution by root uptake but also that by plant-base uptake from the surface
water.

On the basis of the present results, the representative values of the transfer
factors for the Gyeongju site were proposed as follows — TFn values of |
2.9x10° for brown rice and 5.4x10* for straws, TF, values of **°I: 1.7x10™ for

brown rice and 3.1x10° for straws, TFm values of *°Tc: 5.4x10™ for brown rice

and 8.3x10" for straws, and TF, values of *°Tc: 2.4x10° for brown rice and
1.8x107? for straws. These values are not of sufficient representativeness because
they were derived from one-year experiments using a limited number of soils. It
is necessary to keep on updating the values for a higher representativeness with
respect of the additional data which should be acquired from future investigations.
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EF pH  [§71% | ., (AEEEIE (omol kg') [ma) AL |RE b
WME |15) (%) Ca K Mg %) (%) (%)

GJ-1-1 |55 44 8.2 6.1 0.41 2.2 46.2 43.6 10.2 L
GJ-2-1 |54 3.3 16.3 14.9 0.79 5.0 10.6 69.5 19.9 SiLL
GJ-3-1 |5.6 24 12.8 6.2 0.63 3.7 21.5 50.3 28.2 CL
GJ4-1 |54 1.9 22.2 22.2 0.62 6.5 28.1 45.1 26.7 L
GJ-5-1 |55 2.7 10.7 10.7 0.44 25 443 43.8 11.9 L

 oko]lex)8-&%F (cmol kg)
® L (loam: %¥E), SiL (silt loam: P]A}2 %E), CL (clay loam: 2] % E)
) GJ-4-18} GJ-5-1= A PolA A9,

EY H 715 2 8L ol & (cmol kg) [m o] A NE

9 15) &)13 CEC L o Mg - (%?1 (j/o>} (iq =
Gl1Telss Pz |45 |45 Jo2o [19 |3 |z [0 L
Gl2-Tels1 |42 |77 |09 Joas o 128 |18 154 |siL
Gl3-Tcl56 |30 [170 |61  |049 32 |27 |36 |37 |L
GJ-4Te|51 |49 |435 [204  [094 |79 P43 |45 |42 L

ool e x8& % (cmol kg)

® L (loam: %¥E), SiL (silt loam: P]A}2 %FE), CL (clay loam: 2] % E).
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Soil Transfer factor of "I (TFm, dimensionless)
Rice seeds (dry) Rice straws (dry)
GJ-1-1 (¥ 6.4x10° + 7.3x10™ 42x10" + 25x107
GJ-2-1 (723) 3.4x10° + 4.9x10™ 6.3x10" + 3.7x107
GJ-3-1 (&32) 1.1x10° + 53x10™ 6.0x10" + 1.7x10"
AM+SD 3.6x10° + 2.6x10° 55x10" + 1.2x10"
GM/GSD 2.9x10° / 2.40 5.4x10" / 1.26

AM: At T, SD: EFHAE, GM: 7|81, GSD: 7|3k FH A
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F 42, =EFE Pro] 2Y 2 WA o)A (TF,)
Soil Transfer factor of "I (TF, m” kg™

Rice seeds (dry) Rice straws (dry)
GJ-1-1 (qqia) 7.6x10* + 1.3x10™ 2.5x10° + 4.0x10™
GJ-2-1 (T-23]) 2.1x10™ + 3.3x107 2.8x10° + 2.3x10™
GJ-3-1 (%7;?4) 2.8x10° + 1.2x10° 4.4x10° + 3.7x10™
AM+SD 3.3x10* + 3.8x10™ 3.2x10° + 1.0x10°

GM/GSD 1.7x10* / 5.25 3.1x10° / 1.34

AM: 2k, SD:

B

FHa, GM: 7138, GSD: 713+ H AL

10°
—m— Daebonri
-1 —@— Gugilri
10 . Eupchonri [

Relative concentration (m2/L)

! I
80 100
Days after water contamination
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A2 FH =E sty Te 599
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3.2.1. TF, &t

. .
120 140

Zo] ¢ 20 cmo EFEE PTc §93 2 A3 T Wt S
A

of 78 “lco] EY-AE

_12_

0] Al 4*(TFm, dimensionless)= 3

513 2T},

2 Bl 5}



B

51, =R VT B F WA Aol A F(TF,)

Transfer factor of “Tc (TFm, dimensionless)

Soil : :

Rice seeds (dry) Rice straws (dry)
GJ-1-Tc (HE2) 1.3x10° + 4.3x10™ 1.0x10° + 2.2x10"
GJ-2-Tc (7-23) 1.1x10° + 6.8x10° 1.3x10° + 9.5x107
GJ-3-Te (&38) 2.3x10™* + 4.4x10° 5.3x10" + 9.7x107
GJ-4-Tc (Fe+a) 2.6x10" + 4.1x10° 6.6x10" + 2.5x10"
AM=+SD 7.3x10™* + 57x10* 8.8x10™" + 3.6x10"

GM/GSD 5.4x10" / 2.54 8.3x10" / 1.52

i)

AM: b=, SD: 8 AE, GM: 7|8, GSD: 7|38kt H A}

Aoz Hixo]l ArH18,21-23]. EF tole HAF FASHA vt 748 E
ol XYY Aete]l EJrRg ok AR 11 Zol= 5 8] W& YRR ¥
AsAh ol AL AEAE FFH PTce BY AFEo] F AFY EY Tt Ao

AfE F5 A7 2 29lel met 24 0 5 A Aotk gy Bl e
F5 A7 2 Red F wEol BRy) Wil Pl e ARgo] v
A Row FHA ol HE BHAF AR ALY /1% AT Yojof A2 &
3¢ Aolh

o°
B AdoA 73 PTce 2 T, 3-S IABAR7F 37
7.3x1070l] wl&] Ful ~=3H w) Pk o] AL JIAEA e FE
wolth o M= Tor) Aglg oz EA)5 7] wio] FdFoz EAss =ddA
Hop dojAF7E 84 & oz 43 A JTH20-24].
ARG FH =BG d3 By H1A PTc Mo|AF(TFy e NEXNZE 2H7}
ul E¢kol] 3t 718t H<l 54x10* 2 83x107 AEZ AtE F Ak 2L} o]
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