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Abstract: Monthly depositions of Sr and ... Cs have been observed at the Meteorological Research

Institute. Although the current atmospheric Sr and 117CS concentration level became extremely low,

these radionuclides have been found in the atmospheric deposition samples. These radionuclides in the

deposited materials are originating from the so-called resuspension processes. In this study, the ogin

of the resusupension is considered in terms of activity ratio Of 117CS /9,Sr in the samples as well as

additional observational results of monthly radioactivity deposition in 2000 at a couple of the

monitoring stations in Japan. Focuses are on Asian dusts and other aeolian dusts as possible sources

for the re suspension. We need to consider the larger time and spatial scales for the origin of the

resuspension.
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1. Introduction

In order to elucidate the current concentration level of the anthropogenic radionuclides and their
137CS

transport processes in air, we have been monitored monthly depositions of Sr and at the

Meteorological Research Institute (MRI), Japan (36'03'N, 140'08'E snce 1957. After the Cernobyl

'dent, has been fortunate that neither atmospheric nuclear test has been conducted nor the svere

nuclear accident has occurred, which resulted in no additional severe contarination ' the atmosphere.

Accordingly, the present global atmospheric Sr and 117CS concentration levels became extremely low.

Nevertheless, these radionuclides have still been detected in the atmospheric deposition samples at the

MRI (see Figure 1). The decrease of the radioactivity deposition at the MRI no longer exhibits the

stratospheric half residence time of aerosols, and it is far slower. It becomes obvious that these

radionuclides are supplied from other reservoir than the stratosphere. nere are only two major

reservoirs of the withropogenic radionuclides on the earth; one is the land surface and the other is the

ocean. We could know the contribution from the ocean is negligible from the sea salt deposition at the

MRI and contents of the radionuclides in the surface seawater- We could have reasonably assumed,

therefore, that those anthropogenic radionuclides were resuspended with surface soils, and the

resuspension is the major component in the radioactivity deposition. In other words, suspension of

dust (surface soil particles) is the source of such anthropogenic radionuclides in ambient air. We have

suggested a noble hypothesis that the recent depositions of anthropogenic radionuclides observed in

Japan are not pmarily due to the local resuspension (originating from neighboring farming fields,

etc.) but the long-range transport of Asian dusts (Igarashi et al., 1996; 2001). Hrose et al. 2002) has

argued that the monthly 9"40Pu depositions, obtained from the same samples as described here, show

a typical seasonal variation with a maximum in spring season (March to April). This seasonal pattern

also corresponds to seasonal cycle of soil dusts oginating from the East Asian ad area.

Since there may be still opposed arguments over our hypothesis, further observation of

radioactivity depositions at a couple of sites, likely to be influenced by Asian dust transport; Nagasaki

(32-44'N, 129-52'E) and Yonagum (24'28N, 123'00'E), were carried out in 2000. In this presentation,

the observation results together with data interpretation in terms of 117CS/90Sr activity ratios are

described.
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Figure I Temporal trend in 137CS annual deposition at the NM during Figure 2 Sampling stations over Japan

the years of 1980 to 2000

2. Methods

DEPOSITION SAAVLES
2Monthly precipitation and the deposited dust (total deposition) were collected by using a 4 M plastic

open surface collector installed in the observation field of the MRI, Tsukuba. In the year of 2000,
additional sampling of monthly deposition was conducted in Nagasaki Marine Observatory and
Yonagum Island Observatory (Figure 2 using an open surface collector with a surface area of 3.69M2
(0.923 m2 x4). The total deposition sample was evaporated to dryness and the residue obtained was
subjected to the 137Cs determination by y-ray spectrometry. After that, Sr was dctcrr'ned by low
background 0-counting coupled with radioche 'mical separation. Details of experimental procedures are
described elsewhere garashi et al., 1996; Otsuji-Hatori et al., 1996).

SURFACE SOIL SAAfPLES
SurfiLce field and paddy soil samples were collected within some km range ftom the MRI in 1993 and
2000. Other dust depositions were collected in September 1996 from side gutter of the traffic laneetc.
The samples were air-dried and vegetation root, pebble, etc. were removed carefully. After further
drying in an oven at II VC, the samples were sieved so as to obtain suspension-able fraction. Finally,
the fraction passed 53-gm mesh was obtained and subjected to the activity measurement. The samples
were also collected in an Asian continental desert area between 1992 and 1994 by a Japanese-Chinese
cooperative work for desertification (Okada et al., 1992; Yabuki et al., 1993). The swnples were
treated as the same manner with the Japanese soils and subjected to the activity measurement.

S URFA CE SOIL DA TA TAKEN FROM THE A= DA TABA SE
Ministry of Education, Culture, Sports, Science and Technology (MEXT) offers a service of the
environmental radioactivity database through Japan Chemical Analysis Center. 9Sr and "'Cs
concentrations in surface soil swnples collected during the 1990s over Japan were provided ftom the

database.

3. Results & Discussion
In order to solve the issue of the origin of the resuspension, first of all 117Cs/90Sr activity ratios in the
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atmospheric deposition samples were compared with those in various surface soil samples (Table 1) It
was found that the average activity ratio of 117CsPOSr in the deposition samples at the MRI ' the
1990s (average: 21 n=92) was not close to that of the surface paddy and field soils taken in
neighborhood (median: 66, n=13), which had been considered as the primary source for the
resuspension. Additionally, no road and roof dusts, likely sources, exhibited low activity ratio such as
2 to 3 The frequency dstribution of the 137CS/90Sr ratio in the deposition samples was narrow, while
that of the surface soils was stretched out. This was further confirmed for the data of the Japanese
surface soils during the 1990s (median: 53, n=584), from the MEXT database for environmental
radioactivity. It seems that Sr and 117Cs deposited and adsorbed on the soil particles during the 1960s
to 1970s (original activity ratio of 137CS/9OSr has been claimed as 16 (Krey and Krajewsky, 1970))
have been gradually fractionated through the leaching processes in Japan. These findings suggest that
the radioactivity deposition in Tsukuba is a mixture; there must be remote sources other than local
sources for the resuspension.

From the viewpoint of the carrier, the resuspension is the dust suspension. It is, therefore,
natural to consider large-scale meteorological dust events (the Kosa phenomena) (Uematsu et al.,
1983) as the above-mentioned remote sources. The Asian dust transport is active in spring and autumn
in the eastern Asia, however, weak events (Iwasaka et al., 1988) also seem to contribute to some extent
even in summer. So as to examine the above-mentioned possibility, the ty in th
sol'I samples taken in the ad area in the Asian continent were obtained (Igarashi et al., 2001). Results
are shown in Table 1; the median was 22 (n=6), exhibiting the lower ratio as close as the original
value 1.6?) in the ad area. Assuming a simple two-components model of isotope dilution equations
by substituting the 13'Cs/9OSr ratios, we can obtain how much radloactivities are brought by the Asian
dust from the continent. It is, thus, estimated that the Asian dust ay transport about 90% of Sr and
70% of 7Cs depositions observed in Tsukuba in the 1990s (Igarashi et al., 2001). The estimates.
suggest a large portion of anthropogenic radionuclides in the deposition samples is transported from
outs'de Japan, which is surprising.

Table 1 Summary of activity concentration and 17 Cs/"Sr activity ratio in Tsukuba soils and Taklimakan sods and
deposition samples

Sample 117CS rnBqlg) 'OSr (mBq/g) 117Cs/9Sr ratio
concn. concn.

Taklimakan soil (n=6)
Max. 31.54 11.0 3.6
Min. 5.01 2.22 1.7

Median 16.32 6.34 2.2. ........... .. . .. ... ........... . .. ....... ..... ...... ...................... .......................... ........... .............. ........... ...................... ..... . . .. .. ................ ........... ............. ... .................. .. ........ ........ ....
Tsukuba soil (n= 3)

Max. 19.77 4.39 13.2
Min. 3.27 1.01 2.1

Median 12.4 1.73 6.6..... ................................ ......... .... ... .................... ..... ........... ..... .......... .............. ..... ------- . ..... . .. .............. ......................... .... .... ................ ....... ..... ............. ...... ................. ...... ........ ............................... .. .. .......... .............................. ......... ............... ....
Monthly deposition sample during 1992 to 1999 (Bqlg)*

(n=92)
Max 26.11 8.37 4.7
Min. 1.868 0.97 0.7

Median 5.56 2.83 2.1
*A few anomaly data for Sr are discarded.
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Figure 3 The Sr and 137CS monthly deposition observed in Tsukuba, Nagasaki and Yonaguni in the year of 200

Figure 3 depicts results of the observations in Tsukuba, Nagasaki and Yonaguni in the year
of 2000. The Sr and 117Cs deposition maximum was found in the spring in common, which is most
likely to be caused by the active Asian dust events in spring. Therefore, our hypothesis seems to be
basically correct. However, the seasonal change of the 137Cs/90Sr ratio showed different trends from
our first expectation. Only in summer or autumn the activity ratio was low (lower than 2 while
through other seasons the ratio was in the range of 3 to 5. These seasonal trends of the 117Cs/90Sr ratio
are also in common for Tsukuba, Nagasaki and Yonagum. It is certain that wide areas over the
Japanese islands are fluenced by Asian dust in spring. But it may not hold low activity ratio such as
2 or lower, which is different ftom our expectation. Instead the activity ratios were 3 to in spring
months, when high depositional fluxes are observed. The higher 117Cs/90Sr ratios may 'indicate dusts

117CS.emission area may have some precipitations that cause the fractionation of Sr and It is thus
suggested that the Asian dust in spring may be pmarily from cultivated area that has some
precipitation instead of the and area. On the contrary, the low activity ratio recorded in summer or
autumn may suggest that the aeolian dust, oginally coming from the ad area exhibiting low
117CsPoSr ratio, is contained even in the maritime air, probably as a sort of the global background.

From the satellite observations, etc., it is suggested that we have aeolian dust events all over
the seasons over the globe. We may need to consider a larger time and spatial scales in considering the
origin of the resuspension of the anthropogenic radioactivity, which is the equal question as to where
the aeolian dust events occurred. Potential sources for the resuspension of the radloactivities are
summarized in Table 2 The contribution of the Japanese surface soil to the resuspension may be far
smaller than hitherto considered. Only limited time in a year, i.e. windy and desiccated seasons, there
may be the resuspension from the local contamination of Sr and 137CS in the surface soil. So as to
clarify these newly raised issues, fiirther approaches including a chemical transport model study (Lee
et al., in press) are necessary.
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4. Conclusions
In conclusion, we can reasonably assume that the Asian dust from the continent influences deposited
radioactivities in Tsukuba, Japan. However, the dust seems to be originated not only from the desert
but from the semi-arid or cultivated areas in the Asian continent with a small precipitations.
Considering the I 3'Cs/90Sr ratio as an index for the precipitation rate at the emission area of the aeolian
dust, we may need to take into consideration a larger spatial scale, e.g. hemispheric scale, for the
resuspension phenomena.

Table 2 A summary of potential sources of the resuspension

137Cs/90sr Season

Components Emission place ratio influenced

Asian dust Loess Plateau About 3 to 4 Spring to

(Kosa) Gobi desert As low as I to 3 early summer

Asian dust Takhmakan desert Relatively low Spring to

(Kosa) As low as I to 3 early surnmer

Aeolian dust Nliddle East?, Sahara? As low as I to 3 Sununer to
autumn?

Japanese surface Within Japan Relatively high Spring and

soil about 57 winter
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