
JAERI-Conf 2003-010 JP0350627
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Abstract

The background distributions of Pu and 137CS in soil were investigated in Rokkasho, Aomori
Prefecture, where the first commercial nuclear fuel reprocessing plant in Japan is now being
constructed. Soil core samples to m depth were collected at 13 upland fields in Rokkasho and control
sites in Hachinohe and Hirosaki. Since fields under yam (Dioscorea babatus) cultivation, which is a
common crop in Rokkasho, were dug to approximately 1 rn depth at harvesting, depth profiles of
fallout radionuclides are heavily disturbed for most fields in Rokkasho. The mean inventories of
239+240pu and 137CS in three fields with no yam cultivation history were 116 Bq M-2 and 34 kBq M-2,

respectively and similar to values in Hachinohe. However, the inventories were approximately a half
of those in Hirosaki. The mean ratio of 24OpU/239Pu for all studied fields was 0.1 ± 004, and similar to

that of global fallout. The Pu concentrations correlate very well with 137CS (r = 097) in spite of heavy

disturbance of soil, and the ratio of 239+240PU/137CS was 0037 ± 0007, which is a typical value for

global fallout.
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1. Introduction

The first commercial nuclear fuel reprocessing plants in Japan is being constructed in

Rokkasho Village, Aomori, Japan (Fig. 1) and the plant will be completed in 2005. Since a large

amount of plutonium and fission products will be handled in the plant, it is important to get

background levels of Pu and other related radionuclides in soil around the plant. Plutonium isotopes
which exist in the general environment include 238pU"119pU, 240pu and 24'Pu. The last isotope , 241pU' is a

P-emitter, while the other nuclides have a-decay. 239Pu and 24OPu are more abundant than the other

isotopes. Since it is difficult to distinguish a-rays from 239 Pu and 240pu by conventional semiconductor

detectors used for measurement of Pu in the environment, these two nuclides are usually reported
together as ,2391240pU,�.

Over 10 Bq of 231+240pu have been released by atmospheric nuclear weapons testings 11, and

distributed worldwide (so-called global fallout Pu). The mean 239+240pu deposition was reported to be

approximately 58 Bq M-2 in the 40-50 degrees latitude band of the Northern Hemisphere [1]. After

deposition onto the ground surface, the most plutonium has been found in the surface layer of soil in

undisturbed fields 2 3 4 Isotopic ratio of Pu can be used to estmate the source of the Pu, when the

isotopic composition of plutonium produced by nuclear reactors and fuel plants is different from the

global fallout Pu. For example, a mean 24OpU�39pU of global fallout Pu was reported to be

approximately 0.18 [5], based upon the data for atmospheric aerosol 6 7 soil [8 9 and ice core

samples [10]. Lower 24OpU�39pU isotopic ratios than the global fallout Pu have been observed in soils

of Nevada Test Site [11] and Semipalatinsk Test Site 12, 13]. On the other hand, a higher ratio of 0.4
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was reported for the Pu from the Chernobyl reactor accident because of the release of high burn-up
nuclear fuel 141. In this study, we aimed at getting the background level of not only the Pu
concentration and but also the 24OpU/239pU iotopic ratio considering the usefulness of the ratio as an
indicator of the Pu source.

Cesium-137 (137CS) is another
important radionuclide because of its
high fission yield and relatively long 7
half-life. Nuclear weapons testings
have also released approximately 948
PBq Of 137CS worldwide [1]. In the

1Y
case of accidental release of
radionuclides from nuclear facilities,

Of 137CS/pUratio may be different from
that of global fallout, and could be
possibly used for distinguishing the
isotope origins. Therefore, 137CS in soil Aomori Prefecture too

okkashowas also measured in this study.
We made a measurement plan '50

137 CXof Pu and Cs in soil of Rokkasho
area with examination of upland soil, QI Hachin
paddy fields, pastureland, forestland
and uncultivated fields, year by year.
This is the first paper for the results of
upland soil.

7

Fig. Sampling location
2. Materials and Method

Soil core samples (�=75 mm) to a in depth were collected at 13 upland fields in Rokkasho
and control sites in Hachinohe and Hirosaki (Fig. 1) in June 2001. Since humic andosol is the most
common soil type in the upland fields in Rokkasho, all the sampling sites were of this soil type. Root
vegetables like yam (Dioscorea babatus) are commonly cultivated in Rokkasho Village. In sites with
the yam cultivation, we anticipated that soil to over in depth is stirred using cultivate farming
equipment such as a trencher. The soil core samples were collected from five places on each sampling
site, and the samples were divided into 35 layers having different properties. Then soil in a layer of
the same properties was mixed to make a composite sample for each layer. In one sampling site, five
cores samples were separately analyzed to check site variation.

Plutonium in samples was measured by a quadrupole-type ICP-MS (VG Elemental,
PO-Excel-s) with an ultra sonic nebulizer after radiochemical separation using an anion exchange
resin (Dowex W). The 137CS in samples was analyzed by a Ge semiconductor detector (Seiko EG&G�
ORTEC, relative efficiency 8

3. Results and Discussion

3.1 Vertical distributions of 239+240pu and 137CS in upland soil

Vertical plutonium distributions in the soils without yam cultivation history are shown in Fig. 2.
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Fig. 2 Vertical distributions of 239+24OpU in sites 2 4 and which had no history of yam

cultivation. Vertical and horizontal bars mean depth range of core and 95%

confidence limit of the concentration, respectively.

All of them show a typical pattern: the concentration in the surface layer is the highest, and this

decreases rapidly in the lower layers.

Each five core-sample was separately analyzed for site 3 with yam cultivation history. The

results of Pu measurements are shown in Fig. 3 In this site, the vertical distribution patterns and the

inventories of Pu differed between the sampling places. The difference of the inventories showed there

was a horizontal disturbance due to yam cultivation activities. Therefore, the inventories of Pu and

117CS in the upland fields without yam cultivation history are discussed in the next section.

231+210pU concentration Bq kg-')
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Fig. 3 Vertical 239+240pu distribution of five core samples in Site 3 which had yam

cultivation history. Vertical and horizontal bars mean depth range of core and

95% confidence limit of the concentration, respectively.

3.2 Inventories of Pu and 137CS in Aomori

The measurement results of Pu and 137CS in fields without yam cultivation history are

discussed here: three sites in Rokkasho and control sites in Hachinohe and Hirosaki (total five sites).

The mean and standard deviation of plutonium inventories in the three upland fields in
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Fig. 4 Inventories of 239+24OPu and 137CS in Rokkasho, Hirosaki and Hachinohe in

Aomori Prefecture. Dash lines show the value for Rokkasho value from the
radioactive fallout rate in Misawa (See text).
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Fig. The correlation between logarithmic monthly 9Sr deposition in

Misawa 181 and Tokyo 191 during 1962-1970.

Rokkasho were 116 ± 47 Bq M-2 , respectively, and the mean value was similar to that in Hachinohe

(103 Bq M-2) . However, the mean inventory was approximately a half of that in Hirosaki 223 Bq M-2).

Inventories Of 137CS in Rokkasho, Hachinohe and Hirosaki were 34, 25 and 63 kBq M,2,
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Fig. 6 Correlation between activity of 239424OPu and that Of 37CS Of

upland samples in Rokkasho

respectively, and there was a higher inventory on the Sea of Japan side of the Japanese islands than on

the Pacific Ocean side (Fig. 4. This result agreed with previous work on the fallout deposition rate or

soil inventories of Pu. For example, Katsuragi et al. 16] found that the Pu fallout rate in Akita City

which is on the Japan Sea side was about two times higher than that in Tokyo. Yamamoto et al. 17]

also showed the 2391240pU inventories in rice-field soils on the Japan Sea coast area were 25 to 3 times

higher than those on the Pacific coast area. The 2391240pU inventory in Rokkasho which we found was

similar to that in wate Prefecture 17] which is the southern neighbor of Aomori Prefecture and on the

Pacific Ocean side.

The Environmental Measurements Laboratory reported monthly 9Sr fallout rates for 1962 -

1970 at Misawa City [18] which is located immediately south of Rokkasho. The monthly 9Sr

depositions are plotted against those in Tokyo 19] in the same month and year (Fig. 5). Both cities

have deposition rates which correlated well with each other (r = 079, n = 103), therefore we could

suppose the same deposition pattern through the fallout era in both locations. In Tokyo, 67 of

cumulative Sr fallout in 1957 - 1994 was deposited in 1962 - 1970. The cumulative Sr deposition in

Misawa City in 1957 - 1994 was estimated to be 26 kBq M,2 assuming the same deposition patter as

that in Tokyo. When we adopted a mean 117CS/ 9OSr or 239+240pu/90Sr ratio in Japan 19], the cumulative

depositions of 37 Cs and 219+24OpU in Misawa City were estimated to be 30 kBq M-2 and 110 Bq M-2,

respectively. The estimated values are plotted in Fig. 4 and were similar to those in Rokkasho and

Hachinohe.

3.3 240 Pu/239Pu and 239+24OpU/137 Cs ratio in upland soil

The 2lpU/219Pu ratios of all samples including those from fields which had yam cultivation

history are plotted against 239,24OpU concentrations in Fig. 6 The mean ratio and standard deviation

were 0. 18 ± 0.04, respectively. The mean ratio was similar to that of global fallout 1, 5 6 71.

The concentrations Of 9121pU correlated very well with those Of 137CS (r 0.97) and the ratio

of 239+240PU/137CS was 0032 0007, which is typical for global fallout [1] (Fig. 7. This result implied

that behavior of plutonium isotopes and 137 Cs resembled each other in the upland fields of Rokkasho

in spite of heavy disturbance of the soil.
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Fig. 7 Range of 239+24OpU concentration and 240pU�3)Pu atomic ratio of
upland soils in all samples.

4. Conclusions

The concentrations of 239+24OPu and 137CS, and 24OPu/239Pu atomic ratio of upland soil in
Rokkasho and control areas were investigated, and the following results were obtained.

1. Since fields were dug to approximately m deep at yam harvesting, depth profiles of fallout
radionuclides were heavily disturbed for most fields in Rokkasho. The Pu concentrations
correlated very well with 137CS (r = 097). This indicated almost the same behaviors for Pu
and 137CS in the upland fields of Rokkasho in spite of heavy disturbance of the soil.

2. The mean inventories of 239+240 Pu and 137CS in three undisturbed field in Rokkasho were 116
Bq M-2 and 34 kBq M-2 , respectively and similar to those in Hachinohe. However, the
inventories were a half those in Hirosaki. This mean that there were higher inventories on the
Sea of Japan side of the Japanese islands than on the Pacific Ocean side, which agreed with
previous work on radioactive fallout in Japan.

3. The mean isotopic ratio Of 24OpU/239pU for all studied fields was 0.18, and similar to that of
global fallout. The mean ratio of 239,24OpU/117CS was 0032, which is a typical value for global
fallout.
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