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Parameters on the Radionuclide Transfer in
Crop Plants for Korean Food Chain

Dose Assessment
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Abstract

For more realistic assessment of Korean food chain radiation doses due to
the operation of nuclear facilities, it is required to use domestically produced
data for radionuclide transfer parameters in crop plants. In this report, results
of last about 15 years’ studies on radionuclide transfer parameters in major
crop plants by the Korea Atomic Energy Research Institute, were summarized
and put together. Soil-to-plant transfer factors, parameters quantifying the
root uptake of radionuclides, were measured through greenhouse experiments
and field studies. In addition to traditional transfer factors, which are based
on the activity in unit weight of soil, those based on the activity applied to
unit area of soil surface were also investigated. Interception factors,
translocation factors and weathering half lives, parameters in relation to direct
plant contamination, were investigated through greenhouse experiments. The
levels of initial plant contamination with HTO and I vapor were described
with absorption factors. Especially for HTO vapor, °H levels in crop plants at
harvest were expressed with TFWT (tissue free water tritium) reduction
factors and OBT (organically bound tritium) production factors. The
above-mentioned parameters generally showed great variations with soils,
crops and radionuclide species and application times. On the basis of
summarized results, the points to be amended or improved in food chain dose
assessment models were discussed both for normal operation and for

accidental release.
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Fig. 1. Schematic diagram showing radionuclide transfer pathways

from atmosphereto plant.
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Fig. 1. Schematic diagram showing radionuclide transfer

pathways from atmosphere to plant
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Table 1. Physico—chemical properties of the soils used in the TF,x experiment

Soil | pH |O.M.| T.N.|A.pT.| Exch. Cation (cmol/kg) (c%i/ﬁg sand| sit | Clay | Soil
code| (1:5) | (%) | (%) |{ppm) K ca | Mg Na ) (%) | (%) | (%) [texture
A | 6.4)042|001| 440|036 45[029]0.14 75| 789 16.4| 47| sL
B | 44|094|007| 310]|0.16| 1.8|0.12]0.03 67| 71.4| 206| 80| sL
c | e1|o6s|oo0s| 375|018 3.3|0.12]0.02 47| 819|153 28] Ls
D | 56|093|007| s59|016| 3.9|0.42]0.15 54719209 72| st
E | 46|243|0.16| 208|0.11| 3.2]0.25]0.11 72| 673|267 60| sL
F | 77]260|014]| 57]036]|13.2]|1.12]|014| 101|469]|386|145| L
G | 55[200|011] 24|025| 32|132|013| 105| 6.2|63.1]|30.7] sicL
Hl eol - | - -| - -| - -1 - - -1 - s

0.M. : Organic matter, T.N. : Total Nitrogen, A. PT. : Available phosphate,

C.E.C. : Cation exchange capacity. SL : Sandy loam, LS : Loamy sand, L : Loam

SiCL : Silty clayey loam

Table 2. Dates of sowing and harvest of crop plants in the pot experiment for TFq

Crop species

Date (dd—-month-yy)

Growing period (d)

Sowing ? Harvest
Rice 02-Jun-88 12-0Oct-88 132
Barley 23-0Oct-87 15-Jun-88 236
Soybean 02-Jun-88 10-Oct-88 130
Peanut 11-May-88 19-0Oct-88 161
Sesame 11-May—-88 23-Aug-88 104
Ch. Cabbage 25—Aug-87 20-Nov-87 87
Lettuce 28-Apr—89 20-Jun—89 53
Radish 25—Aug—87 20—-Nov—-87 87
Carrot 28—-Apr-89 31-Jul-89 94
Squash 28-Apr—89 10-Jul-89 73

Dates may not be exact for barley, Chinese cabbage and radish.

% . Young plants were transplanted for rice.
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Table 3. Physico—chemical properties of the soils in the field study on the '*’Cs TF,

for rice

Soil pH O.M. | A.PT. | C.E.C| Sand Silt Clay Soil
code (1:5) (%) (ppm) [(cmol/kg)] (%) (%) (%) texture
FR-A 5.5 3.74 378 11.4 58.6 27.4 14.0| SL
FR-B 5.8 3.24 149 10.2 65.0 21.0 14.0| SL
FR-C 5.5 1.69 125 12.8 52.9 30.1 17.0| SL
FR-D 5.6 2.24 153 7.5 39.3 40.7 20.0 L
FR-E 5.7 6.55 786 14.6 47.9 38.1 14.0| SL
FR-F 5.5 1.94 27 9.5 50.3 29.6 20.1 L
FR-G 4.9 3.12 31 7.3 60.2 22.3 17.5| SL
FR-H 5.8 2.14 213 8.6 59.7 19.9 20.4 | SCL
FR-I 4.3 2.07 69 14.7 23.0 51.1 25.9| SiL
FR-J 5.0 1.95 230 6.5 65.6 17.1 17.3

FR-K 5.6 2.52 132 9.1 43.5 40.1 16.4

FR-L 6.4 1.83 408 9.3 42.0 36.7 21.3

Table 4.

Physico—chemical properties of the soils in the field study on the *’Cs TF i

for Chinese cabbage

Soil pH OM. | A.PT. | C.E.C| Sand Silt Clay Soil
code (1:5) (%) (ppm) [(cmol/kg)| (%) (%) (%) texture
FC-A 5.4 3.52 |1 1052.00 9.9 69.2 22.8 8.0| SL
FC-B 5.9 3.67 | 1024.00 12.5 67.5 23.5 9.0 SL
FC-C 6.2 2.88 | 1077.00 7.5 67.6 23.4 9.0 SL
FC-D 6.1 1.96 | 880.00 9.9 65.3 25.7 9.0] sL
FC-E 5.5 1.66 | 161.00 8.7 68.9 17.1 14.0| SL
FC-F 5.1 2.36 | 1275.00 11.3 61.8 20.8 17.4| SL
FC-G 6.4 2.71 | 1515.00 8.9 73.8 13.4 12.8| LS
FC—H 6.8 4.79 | 832.00 141 72.9 11.9 15.2 | SL
FC-I 5.9 2.21 | 1325.00 9.8 72.2 15.6 12.2| SL
FC-J 4.2 2.41 | 2038.00 9.7 63.4 22.3 14.3] SL
FC-K 5.8 3.17 | 627.00 14.0 31.3 53.3 15.4 | SiL
FC-L 5.6 3.00 | 828.00 9.8 52.3 28.2 19.5| SL
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Table 5. Physico—chemical properties of the soil used in the iodine TF,ea €Xperiment
for Chinese cabbage

Soil | pH | O.M. Ff*T" Exch. Cation (cmol/kg) (CSTS'/% Sand | Silt | Clay | Soil
code | (1:5) | (%) (pom)| K Ca Mg ) (%) | (%) | (%) |[texture
-A 5.2 ] 0.91 87| 0.12| 1.84| 0.69 421 79.0]17.0 4.0 LS

Table 6. Physico—chemical properties of the soils in 3 consecutive layers
in the bigger lysimeters for the TF,., experiment
Depth| pH | O.M. Zv [Exch. Cation (cmol/kg) (c(rf{s'/ig Sand| Sit | Clay | Soil
(cm)| (1:5) | (%) wom)| K ca | Mg ) (%) | (%) | (%) |texture
0-15 5.2 0.91 87 0.12| 1.84| 0.69 421 79.0117.0 4.0 LS
15-40| 5.4 | 0.45 17 ] 0.04 ] 1.62} 0.53 4117221 19.8 8.0 SL
40-65| 5.8 0.40 131 0.10] 2.23| 1.14 5.7 66.7 | 19.3] 12.0| SL

% Depths may not be exact.

Table 7. Dates of sowing and harvest of crop plants in the TF,.., experiments

for mixed Rls

Crop species Date (dd-month-yy) Growing period (d)
Sowing ? Harvest ‘

Rice 26—May—93 11-0ct-93 138

Soybean 26—May—-93 20-Sep—93 117
Ch. Cabbage 27-Aug—-92 06—-Nov—-92 71
Radish 27-Aug-92 10-Nov-92 75
Potato 08-Apr-94 07-Jul-94 90

Red pepper 10-May—-94 07-Oct-94 150
Cucumber 10-May—-95 20-Jul-95 71

? Young plants were transplanted for rice.
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Table 8. Physico—chemical properties of the paddy soils collected around NPP sites
for the TF 4.4 €xperiment

Soil | pH [O.M.[T.N. [A.P.T.| Exch.Cation (cmol/kg) | c.E.c [sand| sitt | Clay | Soil
code |(1:2.5)] (%) [ (%) |lem)| k| ca | Mg | Na [(cmol/ka)| (%) | (%) | (%) |texture
KA 5.011.82| 387 - 1019 2.6]1.42]0.49 8.4 27 55 18| SiL
KB 5.212.02 11423 - |0.05| 2.6]1.66]2.80 9.2 54 39 71 SL
KC 4.911.31 [1044 - 1.22 | 3.7]1.3212.19 9.7 47 38 15 L
KD 4.812.07 {1762 - 1.80] 3.0]1.091{ 3.14 8.6 47| 45 8 L
KE 6.4 | 2.47 | 1677 - 1.16 | 8.3}1.59}3.49 14.4 49 44 71 SL
KF 5.1 14.70 13132 - 1.70 1 4.211.26]0.82 11.2 31 56 13 L
YA 4.9 ] 3.88 {2323 94 10.43}| 4.5(1.91§0.37 14.5 21 54 251 SiL
YB 5.1 3.32 | 1811 5110.43| 4.411.58] 0.41 11.1 36 45 19 L
YC 6.113.12 12015 202]0.35| 8.8|3.08]0.40 13.7 23 60 17| SiL
YD 5.8 12.45 15621 387 10.75] 5.114.021]3.86 10.7 27 64 9| SiL
YE 5912.84 1702 216 {0.79| 2.5}2.57 | 1.47 11.4 18 68 14 ] SiL

SiL : Silty loam.
Table 9. Physico—chemical properties of the top 15 cm soil in the lysimeters
for the direct plant contamination experiment
Soil | pH |O.M. T. N. Exch. Cation (cmol/kg) | C.E.C |Sand| Silt | Clay | Soil
code {(1:2.5)| (%) (ppm) K | ca Mg (cmol/ka)| (%) | (%) | (%) |[texture
DL-A| 5.11.56 905 | 0.67 [ 1.38 0.36 33| 73] 23| 4] sL

Table 10. Dates of sowing and harvest of crop plants directly contaminated
with mixed Rls

Crop species

Date (dd-month-yy)

Growing period (d)

Sowing # Harvest
Rice 16—-May—98 12-0ct-98 149
Soybean 25-May—-00 02-Oct—-00 130
Ch. Cabbage 18—-Aug—97 03—-Nov-97 77
Radish 23—-Aug—-99 15-Nov-99 84

& Young plants were transplanted for rice.
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Table 11. Physico—chemical properties of the soil in the experiment of the rice

exposure to HTO vapor

Exch. Cation (cmol/kg) C.E.C

Soil pH O.M. | T.N. Sand| Silt | Clay | Soil
code [(1:2.5)| (%) |(ppm) K Ca Mg (cmol/kg)| (%) | (%) | (%) |texture
HP-A 52 4.51 3233 0.2} 1.37 1.06 7.9 46 50 4 { SL/SiL

Table 12. Dates of sowing and harvest of crop plants directly exposed to HTO vapor

Crop species

Date (dd-month-yy)

Growing period (d)

Sowing ® Harvest
Rice 26—May-97 10-Oct-97 137
Ch. Cabbage 24—-Aug—98 13-Nov-98 81
Radish 23-Aug—-99 12-Nov-99 81

% Young plants were transplanted for rice.

Table 13. Dates of sowing and harvest of crop plants directly exposed to I, vapor

Crop species

Date (dd~month—yy)

Growing period (d)

Sowing Harvest
Rice 21-May-99 14-0ct-99 146
Radish 24-Aug—98 13-Nov-98 81

? Young plants were transplanted for rice.
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Table 14. Transfer factors (TF,;,) of radionuclides for edible parts of various
food crops in different soils

Crop Plant | Soil TFmix (Ba/kg—plant per Ba/kg—dry soil)
species part - Mn Co Zn Sr Cs
Rice Unpoli-| A 2.4E-01 | 4.5E-03 - 1.2E-01 2.1E-02
shed B | 3.2E-01 | 6.0E-03 | 2.7E+00 - 6.1E-02
seedd.| C | 2.3E-01 - | 2.36+00 - 1.8E-02
D 1.2E-01 | 2.2E-03 | 5.8E-01 - 3.0E-02
E 5.2E-01 | 5.9E-03 | 2.1E+00 - 1.0E-01
F - - - - 1.0E-02
G - - - - 4.0E-02
Barley ! A 6.8E-01 | 8.6E-03 - 4.3E-01 5.5E-02
Soybean | Seed d. A 4.3E-01 | 2.9E-01 - 9.1E-01 8.8E-02
B 2.8E+00 5.0E-01 2.3E+01 - 2.8E-01
C 2.6E-01 1.6E-01 5.9E+00 - 1.7E-01
D 2.0E-01 4 9E-02 | 2.3E+00 - 1.3E-01
E 1.4E+00 | 2.5E-01 1.1E+01 - 5.0E-01
Ch. cabbage| Top f. H 1.9E-01 | 1.7E-02 - 2.0E+00 | 1.1E-01
Lettuce Top f. B 2.7E+00 | 6.7E-02 | 3.4E+00 - 5.0E-02
C 1.2E-01 | 6.7E-03 | 4.4E-01 - 4.2E-02
Radish Root f. H 2.8E-02 8.8E-03 - 4.2E-01 4.7E-02
Carrot Root f. B 5.6E-01 5.4E-02 | 2.1E+00 - 3.1E-02
C 5.5E-02 7.9E-03 | 6.3E-01 - 1.7E-02
Squash Fruit f. B | 7.4E-02 1.9E-02 | 5.4E-01 -~ 3.9E-02
C 1.7E-02 4.6E-03 | 2.4E-01 - 2.5E-02
Leaf f. B | 4.7E+00 | 2.5E-02 | 2.1E+00 - 1.7E-01
C | 3.2E-01 "~ | 5.7E-01 - | 8.7E-02
Garland chry-l Top f. B 1.6E+00 | 3.5E-02 | 1.7E+00 - 1.2E-01
santhemum C 1.6E-01 8.0E-03 3.8E-01 - 8.0E-02
Peanut Seed d. A - - - 4.0E-01 -
Sesame |Seedd.| A - - - 3.2E+00 -

d. for dry and f. for fresh.
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Table 15. TF,; of fallout '¥’Cs for rice and Chinese cabbage
in agricultural fields of Korea

Unpolished rice seed d.

Chinese cabbage top f.

Soil TFmix Sall TFmix
FR-A 2.3E-03 FC-A 1.3E-03
FR-B -7.1E-03 FC-B 6.8E-04
FR-C 1.9E-03 FC-C 6.2E-03
FR-D 6.9E-03 FC-D 1.7E-02
FR-E 2.0E-03 FC-E 1.8E-03
FR-F 1.2E-03 FC-F 5.1E-03
FR-G 1.1E-02 FC-G 3.8E-03
FR-H 9.8E-03 FC-H 1.1E-03
FR-I 8.2E-03 FC- 2.2E-03
FR-J 6.6E-03 FC-J 2.6E-03
FR-K 3.1E-03 FC-K 1.3E-03
FR-L 7.7E-03 FC-L 7.0E-03

_34_




Table 16. Transfer factors (TF,.,) of important radionuclides applied at different growth
stages of various food crops

Crop Application time Plant TF.... (m</kg—plant)
species DAP (d) | D8BH (d) part Mn__ Co St Cs
Rice -2 140 Unpolished | 1.2E-03 1.6E-05 1.7E-04 5.9E-05
13 125 seed d. 2.9E-03 | 3.6E-05 3.9E-04 1.4E-04
40 98 2.6E-03 | 4.9E-05 4.7E-04 2.0E-04
67 71 2.0E-03 3.0E-05 5.5E-04 7.0E-04
89 49 5.0E-03 4.6E-05 7.6E-04 5.4E-04
112 26 1.2E-03 2.6E-04 1.1E-04 5.2E-05
-2 140 Straw d. 5.7E-02 3.4E-04 6.2E-03 1.7E-04
13 125 1.2E-01 6.4E-04 1.3E-02 3.2E-04
40 98 8.8E-02 6.2E-04 1.2E-02 4 6E-04
67 71 2.0E-01 1.3E-03 1.7E-02 1.4E-03
89 49 7.6E-02 9.4E-04 9.8E-03 8.1E-04
112 26 4.3E-02 1.1E-03 6.2E-03 2.3F-04
Chinese -2 73 Top §. 1.2E-03 9.5E-05 8.6E-03 1.3E-04
cabbage 13 58 6.6E-04 4.8E-05 4.3E-03 3.3E-05
27 44 6.6E-04 3.2E-05 3.6E-03 | 4.1E-05
42 29 6.3E-04 4.7E-05 2.7E-03 3.5E-05
56 15 1.1E-03 2.4E-04 2.2E-03 6.2E-05
Sovbean -2 119 Seed d. 1.9E-03 5.2E-04 6.3E-03 2.3E-04
13 104 1.8E-03 | 4.7E-04 6.3E-03 1.3E-04
40 77 4.4E-03 1.1E-03 1.0E-02 | 2.5E-04
61 56 1.0E-02 3.2E-03 8.4E-03 2.7E-04
82 35 2.1E-03 1.1E-03 1.1E-03 3.0E-05
96 21 1.5E-03 1.4E-03 5.7E-04 3.2E-05
-2 119 Leaf d. 8.2E-03 5.6E-04 6.7E-02 | 2.1E-04
13 104 6.4E-03 4.3E-04 5.2E-02 1.4E-04
40 77 1.8E-02 1.0E-03 5.3E-02 1.6E-04
61 56 3.2E-02 1.8E-03 4.8E-02 1.6E-04
82 35 8.0E-03 | 6.3E-04 1.4E-02 9.2E-05
96 21 7.7E-03 2.0E-03 5.1E-03 1.9E-04
Radish -2 77 Top f. 2.7E-03 1.2E-04 1.7E-02 | 4.0E-05
13 62 5.4E-04 5.8E-05 2.8E-03 4.6E-05
27 48 8.7E-04 4.4E-05 3.3E-03 5.1E-05
42 33 7.9E-04 1.4E-04 2.4E-03 2.3E-04
58 17 5.8F-04 1.8E-C4 8.8E-04 1.9E-04
-2 77 Root f. 3.0E-04 3.6E-05 2.1E-03 9.6E-06
13 62 9.4E-05 1.1E-05 6.0E-04 7.0E-06
27 48 1.6E-04 1.9E-05 8.4E-04 1.4E-05
42 33 1.4E-04 4.5E-05 7.56-04 | 4.3E-05
58 17 1.8E-04 5.3E-05 4.1E-04 | 2.1E-05
Potato -2 92 Tuber f. 1.9E-04 1.8E-04 4.0E-04 | 2.1E-04
4 86 1.2E-04 5.1E-05 1.1E-04 6.9E-05
31 59 1.8E-04 9.0E-05 3.1E-04 7.0E-05
63 27 - 5.0E-05 1.1E-04 4.0E-05 1.1E-05
Red pepper -2 64 Green fruit | 4.2E-04 3.4E-04 4.6E-04 1.5E-05
‘ 152 f. 1.8E-04 6.7E-05 2.3E-04 1.8E-05
2 60 5.4E-05 3.7E-05 1.5E-04 1.3E-05
148 1.1E-04 3.1E-05 1.9E-04 1.86-05
44 18 1.5E-04 2.3E-04 5.0E-05 | 2.1E-06
106 1.2E-04 5.1E-05 2.2E-04 2.4E-05
91 59 8.1E-05 3.7E-05 7.9E-05 2.5E-06
-2 110 Red fruit f. | 2.4E-03 1.1E-03 3.0E-03 1.1E-04
152 2.1E-03 6.5E-04 2.0E-03 1.3E-04
2 106 8.4E-04 4.4E-04 1.6E-03 1.3E-04
148 1.1E-03 4.0E-04 1.6E-03 1.5E-04
44 64 1.4E-03 8.4E-04 1.3E-03 | 4.5E-05
106 9.4E-04 4.3E-04 1.2E-03 | 9.7E-05
91 17 2.6E-04 | 2.8E-04 6.7E-05 | 3.8E-06
59 8.0E-04 5.3E-04 4 5E-04 1.4E-05
Cucumber -2 78 Fruit f. 4 3E-04 5.6E-05 9.1E-04 6.4E-05
13 63 3.5E-04 4.1E-05 1.1E-03 | 2.9E-05
31 45 4.7E-04 6.3E-05 6.5E-04 | 2.2E-05
50 26 5.3E-04 8.2E-05 7.9E-04 | 3.0E-05
61 15 3. 7E-04 4 9E-05 4 7E-04 1. 0E-05

DAP : Days after planting, DBH : Days before harvest.
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Table 17. Transfer factors (TF,.,) for OBT from HTO applied at different growth stages

of rice

Application time

Crop species Plant part TFarea (M?/kQ)
DAP (d) | DBH (d)

Rice -1 138 Unpolished seed d. 2.6E-05
5 132 1.3E-05

57 80 3.3E-05

79 58 1.6E-04

98 39 3.2E-04

113 24 2.5E-05

-1 138 Straw d. 8.3E-05

5 132 4 1E-05

57 80 2.0E-04

79 58 1.5E-04

98 39 8.4E-05

113 24 8.8E-05

Transplanted on May 28, '96 and harvested on Oct. 12, '96.

Table 18. Transfer factors (TF,.,) of HTO and iodine applied at different growth stages

of Chinese cabbage

Application time

TFarea (M?/kg)

Crop species Plant part
DAP (d) | DBH (d) TFWT OBT lodine
Chinese cabbage -1 76 Top f. 1.3E-04 | 8.7E~-06 | 3.0E-04
8 67 1.5E-05 | 4.5E-06 | 3.1E-04
26 49 5.9E-05 | 8.3E-06 | 1.5E-03
44 31 4.3E-04 | 2.3E-05 | 2.2E-03
63 12 4.8E-03 | 4.3E-05 | 1.0E-02

Sown on Aug. 30, '95 and harvested on Nov. 13, '95.
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Table 19. Transfer factors (TF,.e,) of °Sr and '*’Cs applied to various paddy soils
at different growth stages of rice

Application time

TFarea (M2/kg)

DAP (d) DBH (d) soil Plant part Sr Cs

-17~-18 161~163 KA Unpolished seed d. 2.6E-04 4 4E-05
KB 5.5E-04 1.1E-04

KC 1.1E-04 3.8E-05

KD 6.5E-04 1.4E-04

KE 9.5E-05 5.6E-05

KF 3.9E-04 2.0E-04

YA 2.1E-04 1.6E-04

YB 2.5E-04 1.5E-04

YC 1.7E-04 1.9E-04

YD 3.2E-04 6.0E-05

YE 1.8E—-04 2.4E-05

KA Straw d. 1.5E-02 1.3E-04

KB 2.6E-02 3.5E-04

KC 4.5E-03 1.0E-04

KD 2.9E-02 4 0E-04

KE 4 9E-03 1.6E-04

KF 2.2E-02 4.3E-04

YA 1.1E-02 3.8E-04

YB 1.5E-02 3.5E-04

YC 9.5E-03 4.3E-04

YD 1.4E-02 1.3E-04

YE 1.0E-02 5.9E-05

12 133 KA Unpolished seed d. 2.5E-04 1.3E-04
KB 7.0E-04 2.7E-04

KD 7.1E-04 4 5E-04

KA Straw d. 1.2E-02 2.4E-04

KB 2.5E-02 5.7E-04

‘KD 2.6E-02 1.0E-03

83~84 61 KA Unpolished seed d. 5.5E-04 1.0E-03
KB 1.3E-03 2.7E-03

KD 1.8E-03 4.2E-03

YA 4.1E-04 2.5E-03

YD 7.8E-04 4.2E-03

KA Straw d. 1.5E-02 1.8E-03

KB 3.3E-02 5.9E-03

KD 3.6E-02 6.9E-03

YA 1.4E-02 4 .3E-03

YD 1.6E-02 6.3E-03

In Kori soils, transplanted on May 20, '98 and harvested on Oct. 12, '98.
in Yongkwang soils, on May 21, '99 and Oct. 12, '99, respectively. &
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Table 20. Yearly variations in transfer factors of radionuclides for various food Ccrops

Crop Plant Year of % of the 1st year's transfer factor

species part culture Mn Co Sr Cs
Rice Unpolished 2nd 36.7 55.6 - 52.5
seed 3rd 35.0 68.8 - 23.7
4th 22.5 62.5 - 11.9
Straw 2nd 54.4 44 1 - 56.5
3rd 28.1 38.2 - 20.6
4th 17.0 41.2 - 8.8
Soybean Seed 2nd 73.7 94.2 120.6 65.2
3rd 51.6 76.9 - 47.8
4th 52.6 75.0 - 34.3
Potato Tuber 2nd 41.6 51.7 67.5 71.4
3rd 24.7 25.0 - 66.7
Chinese Top 2nd 76.7 50.5 57.0 45.4
cabbage 4th 38.3 47.4 - 12.3
Radish Root 2nd 75.9 87.9 34.0 38.5
4th 37.9 75.8 - 17.6
Red pepper Fruit 2nd 42.4 53.8 - 138.5
3rd 30.0 40.0 - 200.0
Cucumber Fruit 2nd 58.7 66.7 56.0 67.2

Table 21. Transfer factors for the 2nd year's culture in the Yongkwang paddy soils

, Crop Plant Soi % of the 1st year's
species part 90g, 187~
Rice Unpolished YA 90 88
seed YC 88 79

YD 75 80
YE 83 75
Straw YA 89 74
YC 82 58
YD 78 75
YE 77 58
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Table 22. Interception factors of radionuclides applied at different growth stages

of major food crops

Crop species

Application time

Interception factor

DAP (d) | DBH(d) | Mn Co Sr Ru Cs
Rice 37 112 0.48 0.47 0.48 0.47 0.48
65 84 0.79 0.79 0.80 0.79 0.80
87 62 0.88 0.88 0.88 0.88 0.88
100 49 0.87 0.87 0.87 0.87 0.88
114 35 0.94 0.93 0.94 0.93 0.94
132 17 0.94 0.94 0.94 0.94 0.94
Soybean 25 105 0.35 0.37 0.34 0.34 0.32
46 84 0.84 0.82 0.83 0.83 0.83
64 66 0.93 0.93 0.93 0.93 0.92
81 49 0.88 0.87 0.88 0.88 0.87
96 34 0.84 0.84 0.84 0.84 0.83
113 17 0.46 0.46 0.44 0.44 0.43
Chinese cabbage 26 51 0.16 0.16 0.16 0.16 0.16
38 39 0.59 0.60 0.58 0.58 0.59
49 28 0.77 0.77 0.77 0.77 0.77
60 17 0.83 0.83 0.83 0.83 0.83
70 7 0.87 0.87 0.87 0.87 0.87
Radish 29 55 0.18 0.19 0.18 0.18 0.17
42 42 0.67 0.69 0.67 0.67 0.67
53 31 0.82 0.83 0.82 0.82 0.82
64 20 0.86 0.86 0.86 0.86 0.86
72 12 0.86 0.86 0.86 0.86 0.86
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Table 23. Parameter values concerning HTO vapor applied at different growth stages
of major food crops

Application time

Crop_spemes DAP (d) DBH(Q) Plant part | AF (mi/ml) | RF (r:tl/ml) PF (r:1|/m|)
Rice 77 60 Leaf - 9.5E+04 3.6E-04
84 53 - 8.4E+04 4.7E-04
87 50 6.9E-01 1.9E+04 3.76-04
91 46 1.1E+00 1.2E+04 4.6E-04
94 43 6.0E-01 1.8E+04 5.6E-04
98 39 8.8E-01 3.0E+04 2.9E-04
102 35 - 4.7E+04 -
107 30 1.0E+00 1.2E+04 3.1E-04
116 21 8.3E-01 1.1E+04 2.9E-04
77 60 Stem - 1.6E+03 6.4E-04
84 53 - 3.4E+03 2.3E-04
87 50 7.7E-02 8.3E+02 7.3E-04
91 46 1.1E-01 6.6E+02 1.4E-04
94 43 7.5E-02 1.3E+03 41E-04
98 39 1.2E-01 2.1E+03 2.5E-05
102 35 - 2.86+03 7.9E-05
107 30 1.2E-01 8.0E+02 1.2E-04
116 21 7.96-02 5.8E+02 1.8E-04
77 60 Ear - - -
84 53 - 1.1E+04 -
87 50 8.6E-01 4 1E+04 -
91 46 1.2E+00 2.3E+04 -
94 43 8.1E-01 3.4E+04 -
98 39 4 2E~01 1.8E+04 -
102 35 - 1.8E+04 -
107 30 4.3E-01 9.8E+03 -
116 21 3.0E-01 5. 9E+03 -
77 60 Unpolished = - 4.9E-05
84 53 seed - - 9.4E-05
87 50 - - 4.2E-04
91 46 - - 8.6E-04
94 43 - - 3.2E-03
98 39 - - 3.7E-03
102 35 - - 2.3E-03
107 30 = - 1.9E-03
116 21 - - 3.2E-04
77 60 Chaff - - 8.5E-04
84 53 - - 2.2E-03
87 50 - - 1.5E-03
91 46 - - 1.6E-03
94 43 - - 2.4E-03
98 39 - - 2.2E-03
102 35 - - 9.4E-04
107 30 - - 4 6E-04
116 21 - - 2.6E-04
Chinese 30 51 Top 4. 8E-01 1.1E+06 4.1E-04
cabbage 39 42 6.2E-01 2.3E+05 1.8E-03
52 29 2.8E-01 2.2E+04 4.4E-03
64 17 9.2E-02 4. 0E+03 7.7E-03
Radish 36 45 Top 4.7E-01 1.1E+06 2.6E-03
46 35 3.9E-01 3.8E+05 2.3E-03
54 27 2.2E-01 1.6E+05 1.3E-03
66 15 3.3E-01 5.4E+04 2.4E-03
74 7 4.4E-01 9.2E+03 2.6E-03
36 45 Root 1.2E-02 1.3E+04 1.2E-03
46 35 1.1E-02 4 7E+03 3.0E-03
54 27 8.4E-04 4 2E+02 2.7E-03
66 15 4 9E-03 5.5E+02 2.2E-03
74 7 4 3E—03 7.4E4+01 3.56-03

AF : Absorption factor, RF : Reduction factor, PF : Production factor.
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Table 24. Absorption factors(AFs) and weathering half lives(T,s) of elemental iodine
vapor applied at different growth stages of rice and radish plants

Crop species Application time Plant part AF (L/g—fresh) Ty (d)
DAP(d) | DBH(d)
Rice 47 99 Straw 1.1E-01 -
61 85 5.5E-02 -
82 64 1.1E-01 -
89 57 2.1E-01 -
94 52 51E-02 -
103 43 6.7E-02 -
106 40 8.2e—02 -
117 29 2.0E-01 -
137 9 1.0E-01 -
89 57 Ear 8.5E-01 -
94 52 3.1E-01 -
103 43 4.5E-01 -
106 40 2.4E-01 -
117 29 3.5E-01 -
137 9 2.5E-01 -
47 99 Top 1.1E-01 45.3
61 85 (starw + ear) 5.5E-02 38.3
82 64 1.1E-01 17.2
89 57 2.7E-01 12.1
94 52 8.4E-02 13.1
103 43 1.4E-01 10.8
106 40 1.2E-01 7.8
117 29 2.5E-01 6.4
137 9 1.4E-01 2.4
Radish ? 29 52 Top 6.6E+00 -
31 50 1.6E+00 -
44 37 8.0E-01 -
53 28 1.1E+00 -

® Plants exposed at 29 DAP were a little damaged by iodine toxicity.
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Table 26. Translocation factors of elemental iodine vapor applied at different growth
stages of rice and radish

Crop species

Application time

Plant part

Translocation factor

DAP (d) | DBH (d) TLF, TLF,
Rice 47 99 Unpolished seed 5.06E-04 2.30E-03
61 85 6.88E-04 3.20E-03
82 64 4.33E-04 5.70E-03
89 57 3.69E-04 9.70E-03
94 52 4.74E-04 7.40E-03
103 43 2.56E-04 4.00E-03
106 40 1.46E-04 4.70E-03
117 29 3.34E-05 7.60E-04
137 9 6.39E-05 9.00E-04
47 99 Chaff - -
61 85 1.66E-04 7.70E-04
82 64 6.84E-06 9.00E-05
89 57 - -
94 52 1.09E-05 1.70E-04
103 43 1.54E-05 2.40E-04
106 40 2.51E-05 8.10E-04
117 29 5.28E-05 1.20E-03
137 9 1.78E-04 2.50E-03
47 99 Straw 2.20E-01 9.98E-01
61 85 2.14E-01 9.96E-01
82 64 7.55E-02 9.94E-01
89 57 3.76E-02 9.90E-01
94 52 6.36E-02 9.93E-01
103 43 6.37E-02 9.96E-01
106 40 3.08E-02 9.95E-01
117 29 4.39E-02 9.98E-01
137 9 7.08E-02 9.97E-01
Radish 29 52 Top - -
31 50 - -
44 37 - -
53 28 - -
29 52 Root 8.60E-04 -
31 50 - -
44 37 - -
53 28 6.50E—03 —
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Table 27. Weathering half lives of radionuclides applied at different growth stsges

of major food crops

Application time

Weathering half life (T,,, d)

Crop species

DAP (d) | DBH (d) Mn Co Sr Ru Cs
Rice 37 112 47.2 43.2 46.9 52.7 35.6
65 84 44.5 33.7 40.2 49.7 44 1
87 62 42.3 40.5 39.6 40.9 42 .1
100 49 32.8 31.5 31.8 46.4 49.4
114 35 27.9 27.3 27 .1 35.0 39.2
132 17 15.8 14.1 13.7 24.4 32.1
Soybean ? 25 105 11.1 14.7 12.5 11.0 31.5
46 84 14.5 23.7 11.4 12.3 58.9
64 66 14.9 24.3 9.7 9.7 52.6
81 49 9.2 15.8 6.5 7.5 28.0
96 34 6.8 9.4 5.3 6.6 14.5
113 17 5'.4 5.5 4.4 6.1 6.2
Radish 29 55 19.9 28.7 21.0 20.1 36.7
42 42 25.2 25.0 20.4 20.7 34.3
53 31 19.2 17.1 15.6 22.8 25.1
64 20 14.9 12.6 10.6 21.6 21.1
72 12 11.2 9.4 8.6 26.1 16.0
Chinese 26 51 16.5 15.6 19.0 18.8 32.0
cabbage 38 39 19.9 15.3 221 29.3 34.5
49 28 18.9 14.9 16.7 31.6 31.1
60 17 15.0 12.9 14.4 25.8 22.4
70 7 9.3 10.0 9.0 16.7 11.5

% Weathering half life was determined under the condition of complete defoliation.
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