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SUMMARY

I . Project Title

Development of the Technology for Terrestrial Radioecology

and Food Chain Analysis

II. Objective and Importance of the Project

The increasing use of nuclear energy in Korea has made Korean

people take a great interest in its environmental radiation safety.

In assessing environmental impact of nuclear installations

reasonably and encouraging people's belief in their environmental

safety, it is of great importance to understand migrational behaviour

of the radionuclide in terrestrial ecosystem and its pathway to human

intake by the consumption of agricultural products.

Therefore, this project was carried out to study plant uptake and

migration of the radionuclide deposited onto the arable land. To

improve computer codes for terrestrial food-chain dose assessment

and investigate the distribution of Cs-137 concentration in farmland

of Korea was also the objective of the project.
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EH. Scope and Contents of the Project

Root uptake and underground migration of Mn-54, Co-60, Sr-85

and Cs-137 deposited at different times during growing seasons of

Korean staple crops such as rice, soybean, potato, Chinese cabbage,

radish, red pepper and cucumber were investigated through

radio-tracer experiments in greenhouse. H-3 experiment for rice and

Chinese cabbage and iodine experiment for Chinese cabbage were

also carried out. The effect of KC1 and lime application on root

uptake and migration of Mn-54, Co-60, Sr-85 and Cs-137 were

studied.

In all those experiments, the accidental deposition onto soil during

growing seasons of the crops was emphasized while long-term (2—5

years depending on crops) behaviors of Mn-54, Co-60, Sr-85 and

Cs-137 in soil-plant system were also investigated.

Samples of farm-land soils and crop plants such as rice and

Chinese cabbage were collected in 33 regions of Korea and Cs-137

concentrations were measured. Soil-to-plant transfer factors of

Cs-137 in outdoor fields were compared with those from greenhouse

experiments.

An improved method of calculating root-uptake concentration of the

radionuclide in crop plant was introduced to KFOOD, a computer

code for food-chain dose assessment during normal operation. The

direction of improving ECOREA, a food-chain computer code for

accidental release, was discussed through comparing Sr-90 and
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Cs-137 root-uptake concentrations in major food crops calculated

using existing models with present experimental results.

Annual food consumption rates by different age groups were

estimated for large city, small or medium city, rural area and national

average. Crop yields were investigated for 4 NPP sites and national

average.

IV. Results of the Project

1. Studies on Behaviors of Radionuclides Deposited onto Soil

Uptake rates and soil-to-plant transfer factors (TFs) of Mn-54,

Co-60, Sr-85 and Cs-137 showed great differences among crops,

radionuclides and application times. Uptake rate of Sr-85 was

comparatively high varying 0.4—8.1% with crop and application time

while those of Co-60 and Cs-137 were almost negligible. In rice,

uptake rate of Mn-54 was especially high varying 3.4 — 14% with

application time. Mixing radionuclides and topsoil tended to decrease

root uptake by rice but increase that by other crops.

TFs of the radionuclides decreased in the order of Sr-85>Mn-54>

Co-60 ̂  Cs-137, on the whole, while in rice, Mn-54 showed higher

TF than Sr-85. Patterns of the variations in TFs of the radionuclides

with their application time were different among crops and

radionuclides. Those TFs were reported on the basis of radioactivity

applied onto unit area of soil.
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Decrease in TF by aging was the highest in Cs-137, which

showed decreases by factors of 2—8, depending on crops, in 2—3

years. The next one is Mn-54 and it showed a decrease by a factor

of up to about 4. TF of Co-60 changed little or decreased by factor

of about 2, on the whole.

TFs for both tissue free-water H-3 (TFWT) and organically-bound

H-3 (OBT) in Chinese cabbage increased with decreasing time

between its application and plant harvest while the former increased

much more rapidly than the latter. TF for TFWT was up to about

100 times higher than that for OBT. Iodine TF for Chinese cabbage

was the higher at the later application, too. TF of H-3 for OBT in

hulled rice seed was the highest at its application during

middle-ripening.

After harvests of the crops, soil concentrations of Mn-54, Co-60,

Sr-85 and Cs-137 applied during their growth decreased exponentially

with increasing soil depth and more than 80% of radioactivity

remained in top 3—4 cm soil. Downward migration of the

radionuclides decreased in the order of Sr-85>Mn-54>Co-60^Cs-137

and differed more or less among cultured crops. Uniformity of the

concentration distribution increased by repeated soil mixing with

increasing years following contamination. Most activity of H-3 turned

out to evaporate while localization of H-3 staying in soil with respect

to the surface was comparatively low.

Rates of Mn-54, Co-60, Sr-85 and Cs-137 leaching from rice

culture box to 80 cm below the soil surface varied 0.09-6.2%, 0.009
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-0.9%, 1.4-14.4% and 0.002-0.06%, respectively, with their

application time. For all those radionuclides, the maximum leaching

was observed at the application made 40 days after transplanting. In

most cases, leaching rates decreased significantly year by year.

Leaching rate of H-3 varied 7.4—23.8% with its application time.

Simultaneous addition of fertilizer KC1 and slaked lime reduced TFs

of the radionuclides by 30—90%, on the whole. This reducing effect

was comparatively high in Cs-137 and Mn-54. In some cases, the

effect lasted longer than a couple of years. Leaching from rice culture

box increased by factors of about 4 (Sr-85) to 86 (Co-60) by the

addition.

2. Distribution of Cs-137 Concentration and TF in Korean

Farm-Land

Cs-137 concentration in paddy-field and upper-land soils of

Korea ranged over 0.7-17.7 Bq/kg-dry and 1.2-27.8 Bq/kg-dry,

respectively. In paddy-field soils, Cs-137 concentration had a positive

correlation with organic matter content while it had a negative

correlation with clay content.

Cs-137 TF for hulled rice varied 1.2xl0~3~l.lxl0~2 (Bq/g-dry plant

per Bq/g-dry soil) and that for Chinese cabbage varied 6.8xlO~4 —

1.7xlO"2 (Bq/g-fresh plant per Bq/g-dry soil). Cs-137 TFs from

greenhouse experiments are within the corresponding ranges from the

field study. This fact indicates that the greenhouse TFs have some

representativenesses for real agricultural conditions.
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3. Improvement on Computer Codes for Food-Chain Dose
Assessment

Crop yields and food consumption rates, social and economic

input parameters of the food-chain computer code, were updated.

Terrestrial foods were classified into 13 food groups. Yields (kg/m2)

of 13 groups of food crops were investigated for 4 NPP sites and

national average. Food consumption rates (kg/y) in large city, small

or medium city, rural area and whole country were estimated for 4

different age groups of infant, child, teen and adult. Crop yirlds and

food consumption rates showed a little regional difference.

Root-uptake pathway models of KFOOD were improved and

ingestion doses calculated by the improved code were 3—60%,

depending on radionuclide, lower than those by the original code.

It was demonstrated with experimental data on Sr-90 and Cs-137

TFs for rice, Chinese cabbage and radish that the existing method

used in dynamic food-chain models could produce over or

underestimation of the root-uptake concentration of a radionuclide

following its accidental deposition during plant growth. The direction

of improving ECOREA was discussed on this fact.

V. Plans for the Use of the Results

Experimental data on radionuclide behaviors in the soil-plant

system produced through this study are going to be used as input
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parameters of food-chain computer codes for Koreans. Ingestion doses

caculated by those computer codes can be useful information for the

management of resident's exposure dose during normal operation. At

the time of an accident, the calculated doses may be provided for the

emergency planning center to be utilized in establishing effective

counter-measures.

Since migrational behaviors in the terrestrial ecosystem of heavy

metals released by general industries are similar to those of their

radioisotopes, some results of this study can be applied to the

environmental impact assessment for heavy-metal releasing industries

in general. Such application of the research results to non-nuclear

field will contribute much to the relationship between the nuclear

industry and others.

Data on the decrease in TFs of radionuclides by the addition of

KC1 and lime is very informative when an agricultural institute wants

to take a practicable counter-measure against the contamination of

farm-land. Information about underground migration and leaching of

radionuclides are necessary for the effective decontamination of soil.

Therefore, an agricultural institute should be referred to such data for

the use at the time of an accident.

Distribution of Cs-137 concentration in farm-land soils can be

reference data for estimating environmental impact of the nuclear

accident not only by domestic facilities but also by those of adjacent

countries. Investigation into characteristics of the distribution in local

areas will make a more reliable estimation possible. TFs in outdoor
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fields must be useful data for evaluating the applicability of TFs

from greenhouse experiment to the real agricultural condition.
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3. 4.

(Uptakes rates of the radionuclides by potato varying with

the time of radioactivity application during its growing

season)

Uptake rate (%)Application
time

(DAS) Mn-54 Co-60 Sr-85 Cs-137

-2* 2.4x10° 2.0X10"1 3.2x10° l.lxlO'1

9.6X10"1 l.OxlO"1 1.7x10° 7.8xlO"2

31 2.2xlOu 1.3X10"1 1.8x10° 6.1x10"'

63 3.9X10"1 l.OxlO"1 3.7xlO"x 5.0xl0"2

DAS : days after sowing

: Radionuclides were applied onto the soil surface 2 days

before sowing and mixed with the topsoil on the next

day.

Note : Radioactivities in the root were not included.

- 8 9 -



S. 5.

(Uptakes rates of the radionuclides by Chinese cabbage varying

with the time of radioactivity application during its growing

season)

Uptake rate (%)Application
time

(DAS) Mn-54 Co-60 Sr-85 Cs-137

-2* l.lxlOu 9.0xl0"2 7.3x10° l . l x lO 1

13 5.6X10"1 3.9xlO"2 3.3x10° 22xlO'z

27 frOxlO"1 3.4x10"" 3.2x10° 3.8xlO~2

42 5.2X10"1 4.4xlO"2 2.2x10° 3.0xl0'2

56 9.9X10"1 2.2X10"1 2.0x10° 5.3xlO"2

DAS '• days after sowing

: Radionuclides were applied onto the soil surface 2 days

before sowing and mixed with the topsoil on the next

day.

-90-





3. 6.

(Uptakes rates of the radionuclides by radish varying with

the time of radioactivity application during its growing

season)

Uptake rate {%)Application
time

(DAS) Mn-54 Co-60 Sr-85 Cs-137

-2* 7.0X10"1 4.3xlO"2 4.6xlOu 1.3x10""

13 1.6x10- i 1.7x10-2 8.7X10"1 1.3xlO"2

27 2.4x10" 1.5x10I -2 9.8X10"1 1.5xlO"2

42 2.0x10rl 4.1x10 -2 6.8X10"1 5.8x10-2

58 2-OxlO"1 6.2xlO"2 3.5X10"1 5.2xlO"2

DAS : days after sowing

: Radionuclides were applied onto the soil surface 2 days

before sowing and mixed with the topsoil on the next

day.
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S. 7.

(Uptakes rates of the radionuclides by red pepper varying

with the time of radioactivity application during its growing

season)

Uptake rate (%)Application
time

(DAT) Mn-54 Co-60 Sr-85 Cs-137

-2* 1.5x10° 2.4X10'1 3.3x10° 2.0xl0"2

6.3X10"1 l.OxlO"1 2.3x10° 2.3xlO"2

44 5.8x10 - i 2.8X10"1 1.3x10° 1.5x10c'l

91 2.9X10"1 1.8X10"1 5.7X10"1 1.9x10

DAT : days after transplanting

: Radionuclides were applied onto the soil surface 2 days

before sowing and mixed with the topsoil on the next

day.

Note : Radioactivities in the root were not included.
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s. 8.

(Uptakes rates of the radionuclides by cucumber varying with

the time of radioactivity application during its growing season)

Uptake rate (%)Application
time

(DAS) Mn-54 Co-60 Sr-85 Cs-137

-2* 2.3x10° 9.9xlO~2 6.6x10° l.OxlO"1

13 1.7x10° 7.6xlO~2 8.1x10° 4.7x10"

31 2.8x10° 1.3X10"1 6.0x10° 4.8xlO~2

50 2.5x10° 1.4X10"1 4.6x10° 4.3xlO~2

61 1.9x10° 1.4X10"1 2.7x10° 3.0xl0"2

DAS ' days after sowing

: Radionuclides were applied onto the soil surface 2 days

before sowing and mixed with the topsoil on the next

day.

Note : Radioactivities in the root were not included.
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9.

(Transfer factors of the radionuclides for hulled seed and straw of the rice varying with time of the

radioactivity application during its growing season)

Part
Application

time
(DAT)

Transfer factor (mVkg-dry)

Mn-54 Co-60 Sr-85 Cs-137

Seed

Straw

-2*
13

40

67

89

112

-2*

13

40

67

89

112

1.2X1O"3±1.4X1O"4

2.9X1O"3±1.3X1O"3

2.6xl0"3±4.5xl0"4

2.OX1O"3±6.6X1O'4

5.OX1O"3±1.5X1O"3

1.2xi0"3±3.8xl0"4

5.7xl0"2±3.7xi0'3

l^xiO'^S^xiO"2

8.8xi0"2±1.3xi0"2

zoxio'^e-sxio"2
7.6xi0"2±9.2xl0"3

4.3X1O"2±1.8X1O"2

1.6X1O"5±1.OX1O"6

3.6xi0"5±1.4xl0"5

4.9xi0"5±7.5Xl0"6

4.6X1O"5±9.4X1O"6

1.7X1O"4±2.1X1O"5

3.9xl0"4±1.2xi0"4

4.7xl0"4±6.2xi0"5

5.5X1O"4±1.OX1O"4

7.6xl0"4±1.8xi0"4

5.9xi0"5±3.4xl0"6

1.4X1O"4±5.5X1O"5

2.0xi0"4±6.2xl0"5

7.0xi0"4±9.6xl0"5

5.4xi0"4±2.5xl0"4

2.6X1O"4±1.1X1O"4 1.1X1O"4±4.6X1O"5 5.2 X1O"5± 1.2x10,-5

3.4 x 10"4± 4.7 x 10"5 6.2 x 10"3 ± 7.6 x 10"4

6.4xi0"4±2.8xi0"4

6.2xi0"4±7.4xi0"5

1.3X1O"3±6.6X1O"4

1.3xl0"2±3.2xi0"3

1.2xi0"2±4.9xi0"4

1.7X1O"2±3.OX1O"3

9.4 x 10"4±2.1 x 10"4 9.8x 10"3± 1.4 x 10"3

l . lxi0"3±3.2xi0"4 6.2xi0"3±1.8xi0"3

1.7X1O~4±4.2XKT5

3.2xi0"4±5.9xl0"5

4.6xi0"4±6.4xl0"5

1.4X1O"3±2.7X1O"4

8.lxi0"4±2.lxl0"4

2.3xi0"4±6.4xl0"5

DAT : days after transplanting.

•" Radionuclides were applied 2 days before transplanting.



S. 10.

(Transfer factors of the radionuclides for the seed of soybean varying with time of the radioactivity

application during its growing season)

Application
time

(DAS) Mn-54

Transfer factor (nrVkg-dry)

Co-60 Sr-85 Cs-137

-2*

13

40

61

82

96

1.9xi0"3±2.4xi0"4

1.8xi0"3±7.9xi0"4

4.4xi0"3±1.0xi0"3

1.0xi0"2±3.0xi0"3

2.lxi0"3±7.6xi0"4

1.5xi0"3±7.3xi0"4

5.2X10*4±4.6X10"5

4.7X1O'4±1.5X1O"4

l .lxi0"3±5.3xi0"4

3.2xi0"3±1.4xi0"3

l . lxi0"3±4.5xi0"4

1.4X1O"3±5.9X1O~4

6.3X1O"3±7.OX1O"4

6.3xiO~3±1.5xi(r3

1.0xi0"2±1.9xi0'3

8.4xi0"3±3.0xi0"3

1.1X1O"3±4.7X1O"4

5.7xi0"4±2.9xi0"4

2.3X1O"4±3.6X1O"S

1.3xi0~4±5.3xi0~5

2.5xi0"4±1.2xi0'4

2.7X1O"4±1.2X1O"4

3.0xi0"5±l.lxi0"5

3.2X1O"5±1.6X1O"5

DAS : days after sowing.

: Radionuclides were applied 2 days before sowing.





(Transfer factors of the radionuclides for the tuber of potato varying with time of the radioactivity

application during its growing season)

Application
time

(DAS) Mn-54

Transfer factor (mVkg-dry)

Co-60 Sr-85 Cs-137

-2* 1.9xi0~4±3.3xi0"5 1.8xi0"4±2.7xi0"5 4.0xi0"4±7.lxi0"5 2.lxi0"4±3.3xi0"5

1.2xi0"4±4.5xi0"5 5.lxi0"5±2.lxi0"5 l . lxi0"4±5.2xi0"5 6.9xi0"5±3.4xi0"5

31

63

1.8xi0"4±1.9xi0"5 9.OX1O"5±3.2X1O"5 3,lxio"4±l.lxiO"4 7.0xiO"5±3.5xi0"5

5.0xi0"5±1.9xi0"5 l . lx iO" 4±1.8xi0 5

DAS : days after sowing.

• Radionuclides were applied 2 days before sowing.



3. 12.

(Transfer factors of the radionuclides for the top of Chinese cabbage varying with time of the

radioactivity application during its growing season)

Application
time

(DAS) Mn-54

Transfer factor (mVkg-fresh)

Co-60 Sr-85 Cs-137

1

©

1

-t

13

27

42

56

1.2 xiO"3 ±2.8X10""

6.6X1O"4±1.2X1O"4

6.6X1O"4±1.2X1O"4

6.3X1O"4±9.9X1O"5

1.1X1O'3±2.3X1O"4

9.5X1O"5±2.1X1O"S

4.8X1O"5±1.3X1O"5

4.7xl0"5±9.4xi0"6

8.6xi0~3±2.0xl0~3

4.3xi0"3±6.7xl0"4

3.6xi0"3±6.5xl0"4

2.7xl0"3±4.2xl0"4

2.4 x 10"4±5.0x 10"5 2.2 x 10"3± 4.6 x 10"4

1.3xi0"4±3.3xi0"s

3.3xi0"5±1.2xi0"5

4.1X1O~5±8.1X1O~6

3.5xi0"5±8.2xi0"6

6.2xi0"5±1.8xi0"5

DAS : days after sowing.

: Radionuclides were applied 2 days before sowing.



& 13.

(Transfer factors of the radionuclides for top and root of the radish varying with time of the

radioactivity application during its growing season)

± 3IX

Top

Root

Application
time

(DAS)

-2*

13

27

42

58

-2'

13

27

42

58

Mn-54

2.7X1O'3±7.1X1O"4

5.4xiO~4±1.3xi0~4

8.7xi0"4±2.0xi0"4

7.9xi0"4±8.2xi0"5

5.8xi0"4±1.9xi0"4

3.0xi0"4±6.9xi0"5

9.4xi0"5±2.9xi0"5

1.6xi0"4±5.8xi0"5

1.4xlO"4±3.7xi0"5

1.8xl0"4±4.3xi0"5

Transfer factor

Co-60

1.2xi0"4±3.0xi0"5

5.8xi0"5±3.5xi0"5

4.4xi0"5±1.0xi0"5

1.4xi0"4±5.0xi0"5

1.8xi0"4±8.2xi0"5

3.6xl0"5±9.9xi0"6

l . lxi0"5±4.lxi0"6

1.9X1O"5±9.5X1O"6

4.5xi0~5±2.5xi0~5

5.3X1O"5±2.OX1O"5

(m2/kg-fresh)

Sr-85

1.7X1O"2±4.4X1O"3

2.8X1O"3±5.9X1O"4

3.3X1O"3±3.9X1O"4

2.4xl0"3±3.5xi0"4

8.8xl0"4±1.7xi0"4

2.lxl0"3±4.lxi0"4

6.0xl0~4±9.lxi0~5

8.4X1O"4±1.7X1O"4

7.5X1O"4±1.2X1O'4

4.lxl0"4±5.8X10"5

Cs-137

4.0xl0~5±1.7xl0~5

4.6xi0"5±1.6xl0"5

5. lxi0 ' 5±2.lxl0" 5

2.3xi0"4±9.6xi0'5

1.9xi0"4±9.2xl0"5

9.6xi0"6±3.8xl0"6

7.0xl0"6±1.8xl0"6

1.4xi0"5±&2xl0"6

4.3xl0"5±2.0xl0"5

2.1X1O"5±9.5X1O"*

DAS : days after sowing.

: Radionuclides were applied 2 days before sowing.



8. 14.

(Transfer factors of the radionuclides for the green fruit of red pepper harvested at two different

times varying with time of the radioactivity application during its growing season)

Application
Harvest time

(DAT)

Transfer factor (nrVkg-fresh)

Mn-54 Co-60 Sr-85 Cs-137

S

1st -2* 4.2xl0M±8.5xi0"5 3.4xi0"4±8.1xi0"s 4.6 X1O"4± 7.6 xiO"5 1.5 x 10"5 ± 4.4 xiO"6

2 5.4xKT5±1.8xKT5 3.7xi0'5±7.7xl0"6 1.5xi0"4±2.2Xl0"5 1.3 xiO"5 ±3.7X10^

44 1.5xl0"4±5.0xl0~5 2.3 xiO"4 ±9.8 XIO"5 5.0xi0"5±2.4xl0"5 2.lxi0"6±9.4xi0"7

2nd -2'

2

44

91

1.8 x 10~4±6.1 x 10"5 6.7 x 1O"5±2.5X 10"5

l.lxl0"4±4.8xi0"5

1.2xi0'4±6.2xi0"5

8.lxl0"5±4.lxl0 '5

3.1X1O"5±1.2X1O"5

3.7X1O"5±2.OX1O"5

2.3X1O"4±5.1X1O"5

1.9X1O~4±4.6X1O~5

2.2X1O"4± 1.0X10.-4

1.8xi0"5±1.4xi0"6

1.8xi0"5±6.2xi0"6

2.4xKT5±1.3xi0~5

7.9 x 10"5±1.8xl0"5 2.5x io"6±1.4x 10"6

DAT : days after transplanting.

: Radionuclides were applied 2 days before transplanting.



3L 15.

(Transfer factors of the radionuclides for the red fruit of red pepper harvested at two different
times varying with time of the radioactivity application during its growing season)

£

Harvest

1st

2nd

Application
time

(DAT)

-2*

2

44

91

-2 '

2

44

91

Mn-54

2.4Xl0"3±4.6xi0"4

8.4xl0"4±4.0xi0"4

1.4xi0"3±5.0xi0"4

2.6X1O-4±1.3X1O-4

2.1X1O"3±6.4X1O"4

1.1X1O'3±4.4X1(T4

9.4xi0"4±2.6xi0"4

8.OX1O"4±3.7X1O"4

Transfer factor

Co-60

1.1X1O"3±3.2X1O"4

4.4xi0"4±2.3X10"4

8.4xi0"4±2.9xi0"4

2.8xi0"4±1.7xl0"4

6.5X1O"4±2.4X1O"4

4.0xi0"4±1.9xl0"4

4.3xi0"4±1.5X10"4

5.3xi0"4±3.1xi0"4

(m7kg-dry)

Sr-85

3.0xi0-3±8.9xi0"4

1.6Xl0"3±4.4xi0"4

1.3X10"3±5.0xi0"4

6.7xl0"5±3.8xi0"5

2.0Xl0"3±6.5xi0"4

1.6X10"3±4.6xi0"4

1.2xi0"3±3.4xi0"4

4.5X1O"4±1.7X1O"4

Cs-137

l.lxi0"4±2.8xi0"5

1.3xi0"4±5.5xi0"6

4.5xi0"5±2.4xi0"5

S.SXIO-^ZOXIO-6

1.3 xiO"4 ±2.2X10^

1.5xiCT4±2.5xi0~5

9.7xi0"5±4.9xi0"5

1.4X1O^±R1X1O-*

DAT : days after transplanting.

: Radionuclides were applied 2 days before transplanting.



S. 16.

(Transfer factors of the radionuclides for the fruit of cucumber harvested at two different times
varying with time of the radioactivity application during its growing season)

Harvest
Application

time
(DAS)

Transfer factor (nrVkg-fresh)

Mn-54 Co-60 Sr-85 Cs-137

1st -2* 4.0xi0"4±6.6xi0'5

13 2.2X1O'"±2.OX1O"5

31 5.7xl0""±9.0xi0'5

50 4.9X1O""±2.OX1O"5

61 3.6xi0"5±1.3xi0"5

4.9 x 10"5 ± 3.8 x 10"7 8.1 x 10"4 ± 4.7 x 10"5

9.OX1O""±6.1X1O"5

9.1X10"" ±2.3X10""

6.9X1O""±5.8X1O"5

1.9xi0'5±5.4xi0"6

1.8X1O"5±1.8X1O"6

5.7X1O"5±1.OX1O"5

8.0xKT5±4.9xKT8

4.1X10^1.4X10^

6.8X1O"5±1.9X1O"5

2.8xi0"5±2.4xi0"6

3.5X1O"5±4.5X1O"6

1.6xi0"5±2.8xi0"7

5.7xi0"6±9.6xi0"7

2nd -2*

13

31

50

61

4.6xi0"4±5.2xi0"5 6.3xl0"5±1.0xi0"5 1.0xl0'3±8.0xi0"5

4.4X1O""± 1.8X10""

4.2X1O""±4.OX1O"5

5.5xiO""± 1.2X10""

5.6xlO"4± 2.8X10'"

6.0xKT5±1.8xi0"5

6.5xl0"5±1.5X10"5

8.2X1O"5±2.7X1O"5

7.4X1O"5±3.OX1O"5

1.3xi0'3±3.6xi0"4

5.6X1O""±5.3X1O"5

8.3X10"" ±1.1X10""

7.2X10"" ±3.2X10""

6.1X1O"5±7.4X1O"6

3.1X1O'5±1.2X1O"7

1.7xi0'5±a6xi0'6

3.7X1O"5±1.5X1O"6

1.3X1O"5±4.2X1O"6

DAS : days after sowing.

: Radionuclides were applied 2 days before sowing.



S. 17.

(Transfer factors of the radionuclides for the total fruits of cucumber varying with time

of the radioactivity application during its growing season)

Application
time

(DAS) Mn-54

Transfer factor (mVkg-fresh)

Co-60 Sr-85 Cs-137

-2*

13

31

50

61

4.3 x 1O"4± 4.2 x 10"6 5.6 x 10"5± 6.2 x 10"'

3.5X1O"4±1.1X1O"4

4.7xi0"4±4.2xi0"5

5.3xi0"4±7.2xi0"5

4.1X1O"5±8.5X1O"6

6.3xi(T5±1.4xKr5

8.2xio-5±1.8xiO"5

9.1X1O'4±2.9X1O"5

l . lxiO"3±2.2xi04

6.5X1O"4±3.OX1O"6

7.9xi0"4±5.6xi0'5

6.4xi0"5±5.5xi0"6

2.9X1O"5±1.1X1O"6

2.2xiQ-5±9.lxi0"6

3.0xi0"5±3.2xi0"7

3.7 X10"4 ±1.5X10"" 4.9X1O"5±1.5XKT5 4.7xi0"4±1.6xi0"4 1.0 X1O"5± 1.9x10,-6

DAS : days after sowing.

• Radionuclides were applied 2 days before sowing.































































3. 21.

(Yearly variations in transfer factors of the radionuclides for rice)

1137-

Year of
culture

1st

C93)

2nd

C94)

3rd

C95)

4th

C96)

Plant
part

Seed

Straw

Seed

Straw

Seed

Straw

Seed

Straw

Mn-54

1.2xl0"3±1.4xl0"4

5.7xl0~2±3.7xl0~3

4.4xl(T1±3.1xl0~5

3.1xl0~2±4.1xl0~3

4.2xlCf±3.2xlO~5

1.6xl0"2±2.0xl0*3

2.7xl0-4±3.3xl0"5

9.7xl0"3±1.6xl0"3

Transfer factor

Co-60

1.6xl0"5±1.0xl0"6

3.4xl0"4±4.7xl0"5

8.9xl0"6±5.9xl0"7

1.5xl0"4±1.4xl0"5

l.lxlO'^LSxlO"6

1.3xl0"4±1.9xl0"5

l.OxlO-^l^xlO"6

1.4xl0"4±1.2xl0"5

(m2/kg-dry)

Sr-85

1.7xl0"4±2.1xl0"5

6.2xl0"3±7.6xl0"4

-

-

—

-

-

-

Cs-137

5.9xl0"5±3.4xl0"6

1.7xlO"4 ±4.2xlO~5

3.1xl0"5±2.3xl0"6

9.6xl0"5±1.0xl0'5

1.4xl0"5±8.7xl0"7

3.5xl0"5+8.9xl0'6

7.0xl0"6±5.2xl0-7

1.5xl0"5±2.3xl0"6

Note : Radionuclides were applied 2 days before transplanting in 1993 and mixed with the topsoil

on the next day.







3. 22.

(Yearly variations in transfer factors of the radionuclides for soybean seed)

Year of
culture Mn-54

Transfer factor (m^/kg-dry)

Co-60 Sr-85 Cs-137

1st
C93)

2nd
C94)

3rd
C95)

4th
C96)

1.9xl0"3±2.4xl0"4 5.2xl0"4±4.6xl0"5 6.3xl0"3±7.0xl0"4 2.3xl0"4±3.6xl0"5

3 ± 2.8xlO"4 4.9xlO"4 ± l.lxlO"4 7.6xlO"3 ± 5.3xlO"4 1.5xlO"4 ± 1.8xlO"5

9.8x10""+2.7xlO'4 4.0xl0"4±1.2xl0"4

l.OxlO"3 ± 1.2xlO"4 3.9xlO"4 ± 9.9xlO"5

1.1x10"* ±1.6x10"'

7.9xl0"5±2.0xl0"5

Note : Radionuclides were applied 2 days before sowing in 1993 and mixed with the topsoil on the

next day.







3. 23.

(Yearly variations in transfer factors of the radionuclides for potato tuber)

Year of
culture Mn-54

Transfer factor (mVkg-fresh)

Co-60 Sr-85 Cs-137

1st
C94)

2nd
C95)

3rd
C96)

1.9xl0~4±3.3xl0~5 1.8xl0"4±2.7xl0"5 4.0xl0"4 ±7.1xlO"5 2.1xl0"4±3.3xl0"5

7.9xl0"5±1.7xl0"5 9.3xl0"5±1.9xl0"5 2.7xl0"4±5.5xl0"5 1.5xl0"4±2.9xl0"5

4.7xlO"5 ± 2.1xlO"5 4.5xlO"5 ± 3.5xlO"5 1.4xl0"4±6.1xl0"5

Note : Radionuclides were applied 2 days before sowing in 1994 and mixed with the topsoil on the

next day.





24.

(Yearly variations in transfer factors of the radionuclides for Chinese cabbage top)

Year of
culture Mn-54

Transfer factor (m2/kg-fresh)

Co-60 Sr-85 Cs-137

1st 1.2xl0"3±2.8xl0"4 9.5xl0~5±2.1xl0~5 8.6xl0"3±2.0xl0"3 1.3xl0'4±3.3xl0"5

C93)

2nd 9.2xl0"4±2.2xl0"4 4.8xl0"5±1.0xl0"5 4.9xl0"3±4.3xl0"4 5.9xl0"5±1.2xl0"5

C94)

4th
C96)

4.6x10"" ± 9. lxlO"5 4.5xlO"5 ± 8.0xl0"6 1.6xlO"5± 5.3x10^

Note : Radionuclides were applied 2 days before sowing in 1993 and mixed with the topsoil on the

next day.





S. 25.

(Yearly variations in transfer factors of the radionuclides for radish root)

Year of
culture Mn-54

Transfer factor (m2/kg-fresh)

Co-60 Sr-85 Cs-137

1st
C93)

2nd
C94)

4th
C96)

2.9xlO"4 ±5.8xlO"5 3.3xl0"5±7.8xl0"6 2.0xl0~3±3.6xl0"4 9.1xl0"6±3.3xl0'6

2.2xl0"4±l.lxl0'5 2.9xl0"5±2.0xl0"6 6.8xlO"4 ±1.9x10"" 3.5xl0"6±1.8xl0"6

1.1x10" ± 1.9xlO"5 2.5xlO'5 ± 2.4xlO"6 1.6xl0"6±1.9xl0"7

Note : Radionuclides were applied 2 days before sowing in 1993 and mixed with the topsoil on the

next day.





S. 26.

(Yearly variations in transfer factors of the radionuclides for the red fruit of red pepper harvested

for the second time)

Year of
culture Mn-54

Transfer factor (mVkg-dry)

Co-60 Sr-85 Cs-137

1st
C94)

2nd
C95)

3rd
C96)

2.1xlO"3± 6.4x10"" 6.5x10"" ±2.4x10"" 2.0xl0"3± 6.5x10" 1.3x10"" ±2.2xlO"5

8.9x10"" ± 5.7x10"" 3.5x10" ± 1.5x10""

6.3x10"" ± 1.7x10"" 2.6x10"" ±4.3xlO"5

1.8xlO""±9.1xlO"5

2.6x10"" ±8.4xlO"5

Note : Radionuclides were applied 2 days before transplanting in 1994 and mixed with the topsoil

on the next day.





S. 27.

(Yearly variations in transfer factors of the radionuclides for cucumber fruit harvested for the

second time)

Y e a r of Transfer factor (m2/kg-fresh)

culture Mn_54 Q ^ ST_35 C S - 1 3 7

1st 4.6xl0'4±5.2xl0"5 6.3xl0"5±1.0xl0"5 1.0xl0"3±8.0xl0'5

C95)

2nd 2.7xlO"4±4.5xl05 4.2xl0"5±1.0xl0"5 5.6x10'" ±1.5x10" 4-lxlO'^l.lxlO"6

C96)

Note : Radionuclides were applied 2 days before sowing in 1995 and mixed with the topsoil on the

next day.













S. 29.

(Yearly variations in depth profiles of the radionuclides in the

topsoil of rice culture box)

Year after

contamination

2nd
C94)

3rd
C95)

4th

C96)

Soil

layer
(cm)

0 - 1

1-3
3-6

6-10

10-15
15-20

0 - 1
1-3

3 - 6

6-10
10-15
15-20

0 - 1

1-3
3-6

6-10

10-15
15-20
20-25

Percent

Mn-54

7.7 ±2.2

10.6 ±2.1
21.6±6.1
27.0 ±8.6

25.2 ±6.8
7.9 ±5.2

12.1 ±7.1
11.3+1.6

18.7 ±5.3

22.0 ±1.9
22.6 ±6.4
13.3 ±8.5

7.8 ±4.6
10.7 ±1.2

14.9 ±1.6
20.7 ±1.3

27.2 ±3.8
13.7 ±3.6
5.0+5.1

distribution <

Co-60

9.1 ±3.2

15.3+5.6
24.5 ±10.3
29.1 + 12.8

18.2 ±14.7
3.7 ±5.3

12.6 ±6.4
15.1 ±1.4

22.0 ±7.2

23.0 ±2.5
19.8 ±14.6
7.5+7.6

9.2 ±4.0
15.1+0.2

18.3 ±1.5
20.7 ±4.7

30.4+4.7
4.4 ±2.9
1.9 ±1.9

(%)

Cs-137

8.9 ±3.0
16.0 ±6.4
23.6 ±9.9
30.2 ±14.4

17.5 ±16.3
3.9 ±5.7

12.0 ±5.3
15.9 ±1.8

21.8 ±7.6

22.2 ±3.3
20.8 ±14.2
7.3 ±7.2

9.0+3.2

15.7 ±0.3
18.7 ±1.7

19.8 ±5.8

31.3 ±4.9
3.9±3.1
1.6+1.5

Note : Radionuclides were applied and mixed with the topsoil

before rice transplanting in 1993.
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30.

(Yearly variations in depth profiles of the radionuclides in the

topsoil of soybean culture box)

Year after

contamination

2nd

C94)

4th

C96)

Soil
layer
(cm)

0 - 1

1-3

3 - 6

6-10

10-15

15-20

0 - 1

1-3

3-6

6-10

10-15

15-20

20-25

Percent

Mn-54

10.3 ±1.8

17.1 ±6.0

24.3 ±12.2

20.2 ±2.4

18.0 ±13.4

10.1 ±12.4

7.1 ±1.5

10.1 ±1.5

15.9 ±5.7

16.9 ±3.4

21.3 ±2.5

18.4 ±3.3

10.3 ±3.4

distribution (

Co-60

9.8 ±1.8

17.7 ±7.3

23.6 ±10.7

21.5 ±2.8

16.9 ±12.8

10.5 ±13.3

6.7 ±1.3

10.4 ±0.9

16.2 ±6.9

17.2 ±4.9

21.9+4.5

18.0±3.1

9.5 ±2.2

Cs-137

10.7 ±3.3

15.5 ±6.0

23.6 ±5.0

23.9 ±7.7

16.9 ±12.9

9.3 ±11.7

7.2 ±1.8

11.0±1.0

14.3 ±3.6

18.3 ±4.3

23.2 ±4.9

18.3 ±3.7

7.7 ±0.8

Note : Radionuclides were applied and mixed with the topsoil

before sowing in 1993.
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3. 31.

(Yearly variations in depth profiles of the radionuclides in the

topsoil of Chinese cabbage culture box)

Year after

contamination

2nd

C94)

4th

096)

SoH
layer
(cm)

0 - 1

1-3

3 - 6

6-10

10-15

15-20

0 - 1

1-3

3 - 6

6-10

10-15

15-20

20-25

Percent

Mn-54

10.6 ±1.3

15.8 ±0.6

21.6±4.8

30.0 ±1.4

20.3 ±5.4

1.8+1.2

5.9 ±1.0

6.9 ±1.0

11.5±1.7

19.7 ±5.1

31.2±3.2

22.0 ±4.7

2.8 ±0.5

distribution '

Co-60

11.1 ±1.7

17.2 ±2.2

22.9 ±4.4

30.8 ±1.8

16.9 ±9.3

1.1 ±0.9

5.6 ±0.5

8.3 ±0.8

13.3 ±1.7

19.7 ±3.7

29.7+2.5

21.1 ±4.8

2.2 ±0.3

Cs-137

11.1 ±1.7

18.3 ±2.6

23.3 ±3.1

31.5 ±1.7

14.9 ±8.6

0.8 ±0.6

6.4 ±0.7

8.3 ±1.5

13.4 ±1.4

19.4 ±3.3

28.0 ±2.3

22.2 ±3.9

2.3 ±0.3

Note : Radionuclides were applied and mixed with the topsoil

before sowing in 1993.
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s. 32.

(Depth profiles of the radionuclides in the topsoil of radish

culture box after plant harvest in the 2nd year following

contamination)

Soil layer

(cm)

Percent distribution {%)

Mn-54 Co-60 Cs-137

0 - 1 7.6 ±0.9 7.8 ±1.0 9.4 ±1.2

1-3 11.1 + 2.3 13.3 ±2.4 16.6 ±1.7

3-6 15.1 ±2.2 17.3 ±2.2 18.6 ±2.0

6-10 21.6±6.0 28.2 ±13.3 22.5 ±4.1

10-15 28.8 ±4.7 23.6 ±2.1 23.1 ±3.9

15-20 15.9 ±8.9 9.9+6.5 9.8 ±6.9

Note : Radionuclides were applied and mixed with the topsoil

before sowing in 1993.
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S. 33.

(Yearly variations in depth profiles of the radionuclides in the

topsoil of red pepper culture box)

Year after

contamination

2nd

C95)

3rd

C96)

Soil
layer
(cm)

0 - 1

1-3

3-6

6-10

10-15

15-20

0 - 1

1-3

3 - 6

6-10

10-15

15-20

20-25

Percent

Mn-54

11.6 ±2.9

16.2 ±1.0

31.0±6.1

16.6 ±7.8

13.8 ±7.7

10.8 ±7.6

12.4 ±5.6

15.8 ±4.2

18.7 ±4.9

17.6 ±0.3

16.9 ±5.1

10.7 ±8.7

8.0 ±3.3

distribution <

Co-60

10.7 ±3.0

19.0 ±4.6

29.4 ±6.3

18.6±11.1

14.0 ±14.8

8.2 ±6.8

11.4±7.9

15.5 ±3.1

19.7 ±5.3

18.0 ±4.6

15.4 ±7.3

10.0 ±2.6

9.9 ±9.8

:%)

Cs-137

12.3 ±4.9

20.2 ±6.0

28.4 ±6.3

18.8 ±12.2

14.5 ±17.2

5.7 ±5.0

10.9 ±7.4

18.1 ±6.4

16.7 ±5.1

18.4 ±13.7

20.9 ±11.4

6.1 ±2.5

8.8 ±8.2

Note : Radionuclides were applied and mixed with the topsoil

before transplanting in 1994.

-161 -



34.

(Depth profiles of the radionuclides in the topsoil of cucumber

culture box after plant harvest in the 2nd year following

contamination)

Soil layer

(cm)

Percent distribution {%)

Mn-54 Co-60 Cs-137

7.5 ±1.1 8.0 ±2.0 9.0 ±3.3

12.3 ±2.6 14.3 ±3.0 17.1 ±7.1

3~6

6-10

10-15

15-20

23.2 ±6.6

19.0 ±6.3

26.4 ±6.9

9.5 ±1.7

23.5 ±5.4

21.1 ±9.3

23.0 ±8.0

8.7 ±0.3

23.5±5.2

15.7 ±5.1

26.9 ±12.5

6.5±1.1

20-25 2.1 ±1.6 1.4 ±1.4 1.4 ±0.9

Note : Radionuclides were applied and mixed with the topsoil

before sowing in 1995.
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1.0E-01

1.0E-02

1.0E-03

1.0E-04

1.0E-05

1.0E-06

i nc-ftv

Rel.

j

-
-

cone.

\ *

\ \

(C

*

1)

Mn-54

i i

—I— Co-60

* » *

,1— U

1 I

*

—k

- -D

Sr-85

,.-B---

i

July

-O- Cs-137

-Q
.-S---

6,'93

_ — - — •

f

D

31.

10 20 30 40 50 60 70 80 90 100
Time of discharge (days after application)

(Changes in the radionuclide concentrations in percolating
water from the rice culture box with the lapse of time
following the RI application made 40 days after transplanting)

-180-



1.0E-02ET

1.0E-03 E

1.0E-04 E

1.0E-05 =

1.0E-06 =

1.0E-07

Rel. cone. (L ) August 2, '93

TT
TT

- — • -

E

; ^ *

I 
I 

II
II

1
1 

1
 

1 
1 M

il

! - - •

i

-Mn-54

*

1

1

—1-

*

•u..

-Co-60

*

^~H

i

* Sr-85

——*-—"^

— i •

1

i

•-Q-

. . . . .

1

Cs-137

^A

1

*

h

10 20 30 40 50 60

Time of discharge (days after application)
70

32. 6 7 ^ ^

(Changes in the radionuclide concentrations in percolating
water from the rice culture box with the lapse of time
following the RI application made 67 days after transplanting)

-181 -





3. 41. «| f̂luflAl «^A>AJ

(Leaching rates of the radionuclides from the rice culture box

for six different times of the RI application)

D te f RI D u r a t i ° n °f Leaching rate (%)
leaching

application ( d ) ^ . 5 4 Co_m S r _g5 Cs-137

May 25* 137 2.8X10"1 8.1x10" 2.8x10° 2.5x10""

June 9 122 9.1xl0~2 4.2xlO"2 4.1x10° 1.3xlO"2

July 6 95 6.2x10° 8.9x10^ 1.4X101 6.2xlO"2

Aug. 2 68 2.5X10"1 2.9xlO"2 6.1x10° 5.8xlO"3

Aug. 24 46 3-OxlO"1 2.0xl0"2 3.9x10° 2.9xlO"3

Sep. 16 23 1.5X10"1 8.6xlO"3 1.4x10° 1.6xlO"3

• Radionuclides were applied 2 days before transplanting rice

and mixed with the topsoil on the next day.

- 1 8 3 -

































3. 51.

(Distribution profiles of the radionuclides in the topsoils of
the culture boxes for different crop species as affected by
the KC1 and lime addition)

Crop*
species

Rice

(13)

Soybean

(13)

Chinese

cabbage

(13)

Soil layer
(cm)

0-1

1-3

3-6

6-10

10-15

15-20

0-1

1-3

3-6

6-10

10-15

0-1

1-2

2-4

4-8

8-15

Mn-54

45.8 ±13.2

37.5 ±7.5

9.3 ±5.8

4.6 ±4.4

1.5 ±1.9

1.1 + 1.1

86.8 ±3.8

12.6 ±3.9

0.4 ±0.3

0.07 ±0.05

0.04 ±0.01

76.9+2.7

13.3 ±2.5

6.8 ±0.6

1.7±0.2

1.3+0.6

Percent distribution %)

Co-60

47.8 ±13.1

41.0 ±10.5

6.6 ±3.9

2.4 ±1.9

0.7 ±0.5

1.5±1.3

95.0 ±3.9

4.2 ±3.9

0.6 ±0.2

0.2 ±0.01

0.1 ±0.01

79.8 ±4.0

11.9±2.9

5.6 ±0.9

1.4 ±0.3

1.3 ±0.5

Sr-85

24.5 ±4.5

45.8 ±11.7

17.0 ±7.3

8.1 ±7.1

3.1 ±5.2

1.5±1.3

47.4 ±1.4

31.1 ±4.6

15.8 ±4.5

4.8 ±1.7

0.9 ±1.0

46.4 ±3.9

15.5 ±1.8

18.7 ±0.8

14.2+4.2

5.3±1.2

Cs-137

48.7 ±14.6

40.7±11.8

6.3 ±4.0

2.1 ±1.6

0.6 ±0.5

1.6+1.4

98.2+1.2

1.5 ±1.3

0.3 ±0.2

0.05 ±0.04

0.04 ±0.02

80.9 ±2.2

10.6 ±3.0

6.2 ±0.3

1.5+0.5

0.8 ±0.4

(continued)
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(continued)

Crop*
species

Radish

(13)

Red

pepper
(n\
\£)

Cucumber

(13)

Soil layer
(cm)

0-1

1-2

2-4

4-8

8-15

0-1

1-3

3-6

6-10

10-15

15-20

0-1

1-3

3-6

6-10

10-15

15-20

Mn-54

75.4+6.3

13.1 ±3.7

6.8+0.3

3.1 + 1.1

1.5+1.6

77.5+10.8

15.2 ±6.7

2.3+2.4

2.1 ±3.4

2.0±3.0

0.9 ±0.7

88.7 ±7.2

10.2±7.3

0.8±0.3

0.2 ±0.1

0.1 ±0.05

0.02 ±0.01

Percent distribution %)

Co-60

78.9 ±8.6

12.5 ±5.3

5.5 ±1.6

2.2 ±0.9

1.0 ±0.9

82.5 ±10.4

10.8 ±4.5

1.5+1.6

2.4 ±3.9

2.2 ±3.6

0.6 ±0.5

92.7 ±1.9

5.7 ±2.5

0.9 ±0.7

0.5+0.4

0.2 ±0.1

0.05 ±0.02

Sr-85

35.0 ±7.6

14.3+3.7

18.5±1.3

21.7 ±4.1

10.4+3.1

37.9 ±14.9

18.2 ±2.8

19.6+2.6

13.7±11.6

8.1+6.0

2.5 ±3.4

34.4 ±1.3

29.4+6.5

23.3 + 4.0

8.4 ±2.2

4.0 ±2.8

0.5±0.2

Cs-137

87.8 ±6.3

6.8 ±3.5

3.1 ±1.1

1.3 ±0.8

0.9±l.l

86.0 ±6.3

8.8+4.5

1.2+1.9

1.0±1.6

2.0 ±2.6

1.0±1.0

97.2 ±1.3

2.2 ±0.9

0.4 ±0.4

0.1 ±0.03

0.07 ±0.04

0.04 ±0.01

Values in parentheses denote radionuclide application time
expressed in days after sowing or transplanting each crop.

-200-





1.0E-01

1.0E-02

1.0E-03

1.0E-04

1.0E-05

1.0E-06

Rel. cone. (L~1) June 9, '93 / K+Ca

1.0E-07

Mn-54 —t— Co-60 * Sr-85 "& Cs-137

* *

T3--B--B-.Q -d Q •

•
i i l

0 10 20 30 40 50 60 70 80 90 100 110 120 130

Time of discharge (days after application)

35.

(Changes in the radionuclide concentrations in percolating
water from the rice culture box with the lapse of time
after the RI application followed by KC1 and lime addition)
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a 52.

(Leaching rates of the radionuclides from the rice culture box
as affected by the KG and lime application)

Date of RI
application

June 9, '93

Duration of

leaching
(d)
122

Mn-54

8.4x10"'
(930)

Leaching

Co-60

3.6x10°
(8,590)

rate3 (%)

Sr-85

1.5x10'
(370)

Cs-137

1.1x10"'
(880)

a : Values in parentheses are the percents of the control.
Note : 30 g KC1 and 72 g slaked lime were added to a box 3 hours

after the RI application.

53.

(Yearly variations in the effects of KC1 and lime application
on leaching rates of the radionuclides from rice culture box)

Year of
culture

'93

'94

'95

Mn-54

8.4x10"'

(930)

8.0xl0"2

(220)

Leaching

Co-60

3.6x10°

(8,590)

7.9xlO"2

(450)

3.2xlO~2

(160)

rate (%?

Sr-85

1.5x10'

(370)

1.3x10'
(240)

-

Cs-137

1.1x10"'

(880)

1.9xlO"2

(300)

3.5xlO"2

(160)

a •' Values in parentheses are the percents of the control.
Note : 30g KC1 and 72g slaked lime were added to a box 3 hours

after the RI application on June 9, '93.
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3. 55.

(Physical and chemical properties of the paddy-field soils)

Sampling
point

PH
(1=5)

OM
(%)

AP
(ppm)

CEC
(me/lOOg)

Texture (

Clay Silt

%)

Sand

Soil
type

^ % 5.5 3.74 377.7 11.4 14.0 27.4 58.6 SL

^ ^ 5.5 2.12 172.9 8.7 17.0 28.9 54.1 SL

7\ sg 5.8 3.24 149.2 10.2 14.0 21.1 65.0 SL

S. ^ 5.5 1.69 124.6 12.8 17.0 30.1 52.9 SL

4 ^ 5.6 3.73 250.0 9.5 15.0 30.8 54.2 SL

% ^ 5.3 2.82 111.8 10.0 20.1 27.2 52.8 L

£ ^ 5.8 2.12 192.1 10.3 20.0 17.0 63.1 SL

$• ^ 5.6 2.64 149.8 11.6 21.0 28.0 51.1 L

<# T 5.6 1.47 11.6 11.5 36.0 28.4 35.7 CL

# *f- 5.3 4.23 239.6 11.2 14.0 17.2 68.8 SL

*1 ^ 7.1 1.56 45.9 15.2 37.0 45.1 17.9 CL

# ^ 5.6 2.24 153.0 7.5 20.0 40.7 39.3 L

§• ^ 5.7 6.55 785.6 14.6 14.0 38.2 47.9 SL

# ^ 6.0 2.05 116.1 13.1 20.0 36.5 43.5 L

?! # 5.5 1.94 27.3 9.5 20.1 29.8 50.3 L

(continued)
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(continued)

Sampling
point

<3 *

£ *!

PH
(1:5)

5.2

6.2

5.8

5.8

4.9

5.6

6.0

6.4

5.5

5.0

5.0

4.9

5.0

6.2

4.3

5.1

5.6

5.3

OM
(96)

2.92

2.80

2.71

2.14

3.12

2.52

3.52

1.83

2.57

2.10

0.84

1.45

1.95

2.93

2.07

0.76

4.10

2.50

AP
(ppm)

97.8

184.6

140.3

213.1

31.1

132.2

829.8

408.2

89.9

6.6

46.6

129.2

230.4

175.4

68.9

37.3

225.5

112.2

CEC
(me/lOOg)

12.4

12.9

15.6

8.6

7.3

9.1

10.3

9.3

9.0

9.4

6.1

10.0

6.5

8.6

14.7

16.6

14.9

11.2

Texture (

Clay

29.0

27.0

22.1

20.4

17.5

16.4

13.4

21.3

15.9

30.6

20.1

21.8

17.3

17.5

25.9

21.1

27.1

23.5

Silt

56.2

50.0

69.8

19.9

22.3

40.1

26.5

36.7

25.5

40.2

19.9

19.4

7.1

39.9

51.1

27.3

48.4

55.2

%)

Sand

14.8

23.0

8.1

59.7

60.2

43.5

60.1

42.0

58.6

29.2

60.0

58.8

65.6

42.6

23.0

51.6

24.5

21.3

SoU
type

SiL

SiL

SiL

SCL

SL

L

SL

L

SL

CL

SCL

SL

L

SiL

SiL

SCL

L

SiL

SL : Sandy Loam, L : Loam, SiL : Silty Loam, CL : Clayey Loam,
SCL : Sandy Clayey Loam, OM : Organic Matter, AP : Available
Phosphate, CEC : Cation Exchange Capacity.
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S. 56.

(Physical and chemical properties of the upper-land soils)

Sampling
point

PH
(1:5)

OM
(%)

AP
(ppm)

CEC
(me/lOOg)

Texture (

Clay Silt

%)

Sand

Soil
type

3 % 5.4 3.52 1052.3 9.9 8.0 22.8 69.2 SL

°1 ^ 7.3 2.98 669.8 13.7 12.0 47.3 40.7 L

7} sg 5.9 3.67 1024.2 12.5 9.0 23.5 67.5 SL

i ^ 5.4 3.09 720.9 11.4 9.0 25.0 66.0 SL

4 ^ 5.1 5.41 1922.8 11.3 10.0 22.3 67.7 SL

4) $ 5.3 3.12 993.4 13.4 8.5 29.0 62.5 SL

* ^ 5.6 5.09 1901.9 16.4 9.0 20.6 70.4 SL

$• & 6.4 2.85 1086.2 ' 15.0 8.0 23.6 68.4 SL

<# ^ 6.3 2.64 570.8 13.8 12.0 37.7 50.3 L

*! •?• 6.6 2.66 1594.8 12.5 8.5 17.0 74.5 SL

# ^ 6.2 2.88 1076.6 7.5 9.0 23.4 67.6 SL

€• 3 5.2 6.14 1213.6 17.7 8.5 52.9 38.6 SiL

% ^ 6.1 1.96 880.2 9.9 9.0 25.7 65.3 SL

*! %. 5.5 1.66 160.6 8.7 14.0 17.1 68.9 SL

(continued)
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(continued)

Sampling PH
Point (i:5)

0} # 6.9

<3 # 5.4

3- £ 5.6

«B y- 5.1

*V ^ 5.4

# ^ 6.4

& =r 6.0

3 "* 4.2

iL £ 5.0

1 ' 0 »J«*J

£ Si 6.8

^ ^ 6.4

ol ^ 5.5

^ % 4.8

^ ^ 5.9

^ ^1 5.8

^ >"-i 5.8

OM

(96)

3.41

1.38

3.00

2.36

1.79

2.71

1.81

2.41

1.28

1.43

4.79

2.79

1.72

2.71

2.21

3.02

3.17

AP

(ppm)

481.7

598.8

828.4

1275.3

920.1

1514.6

1270.3

2037.6

1051.2

1022.3

832.1

675.0

1301.5

494.0

1325.2

209.3

626.7

CEC

(me/lOOg)

12.4

9.3

9.8

11.3

10.2

8.9

9.4

9.7

8.2

7.0

14.1

12.3

9.7

12.1

9.8

13.6

14.0

Texture (

Clay

20.0

25.3

19.5

17.4

16.3

12.8

15.8

14.3

15.2

15.2

15.2

14.9

13.2

19.5

12.2

22.1

15.4

Silt

34.3

41.0

28.2

20.8

21.4

13.4

25.7

22.3

7.6

8.5

11.9

32.6

34.8

60.6

15.6

62.8

53.3

96)

Sand

45.7

33.7

52.3

61.8

62.3

73.8

58.5

63.4

77.2

76.3

72.9

52.5

52.0

19.7

72.2

15.1

31.3

Soil

type

L

L

SL

SL

SL

LS

SL

SL

SL

SL

SL

SL

SL

SiL

SL

SiL

SiL

SL : Sandy Loam, L • Loam, SiL : Silty Loam, CL : Clayey Loam,
OM •' Organic Matter, AP : Available Phosphate,
CEC : Cation Exchange Capacity.
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3L 57. •£•>£ S^xfl Cs-137

(Cs-137 concentrations in the paddy-field and upper-land soils)

Sampling point —

3. %

Cs-137 concentration

Paddy field

17.7

6.0

11.1

9.8

6.2

5.0

1.6

7.0

1.8

4.7

0.7

4.8

13.5

7.4

2.7

(Bq/kg-dry)

Upper land

9.2

8.3

27.8

7.0

3.5

7.9

12.2

13.8

12.0

14.9

-

5.5

12.5

4.0

12.8

(continued)
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(continued)

amp ing point

o o

-a ^

Cs-137 concentration

Paddy field

6.2

8.8

10.5

3.4

10.1

9.3

11.0

5.8

6.5

3.6

2.7

3.5

3.8

6.8

13.5

1.7

10.1

11.6

7.0

(Bq/kg-dry)

Upper land

1.2

-

6.0

3.5

10.1

10.0

8.8

11.8

9.9

7.0

4.2

15.8

10.9

14.3

14.6

8.6

8.3

10.2

9.9

- : not measured.
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