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ABSTRACT

Radioactive effluent that released to environment may influence the population externally and internally. In order to protect population from the impact of radiation hazard, environmental radionuclide concentration must be monitored periodically.  Analysis of radionuclide in surface soil sample is one of the environmental radionuclide monitoring programs task. Analyze of radionuclide that contain in surface soil sample from Higashi Ishikawa sampling point have been done. The analysis results show insignificant difference compared with theoretical estimations and the average of JAEA’s previous data. 

INTRODUCTION
Radioactive effluent may be discharge to either the atmospheric or the aquatic environment. Radionuclide discharged to the atmosphere is dispersed due to normal atmospheric mixing processes. As they travel downwind, they irradiate the population externally and internally, the latter due to the inhalation of radionuclide from atmosphere. During their transport downwind radionuclide may be deposited from the atmosphere by impaction with the underlying surface or due to rain fall. This transfer onto land surface may lead to further irradiation of people by three important routes: external irradiation from deposited activity, internal irradiation from inhalation of re-suspended activity and ingestion of contaminated food. Liquid radioactive effluent may be discharged to fresh water (principally rivers), estuaries or marine environment. Radionuclide discharged to river is dispersed due to general water movement and sedimentation processes. The principal routes leading to the irradiation of people are external irradiation from sediment and internal irradiation due to ingestion of drinking water and food derived from the river, water used for irrigation of crops and pasture [1]. 

Man-made radionuclide was released into the environment trough nuclear weapons testing during the 1950’s and 1960’s mainly. The maximum annual deposition of 90Sr and 137Cs were recorded in 1963. After that the deposition of radionuclide from atmosphere decreased, however, most radionuclide that were deposit on land has been retained in surface soil layers. Obtaining the migration rates of radionuclide in the surface soils layer and the transfer factor of the radionuclide from soils to the crops are very important for radiation dose estimation [2].

Environment and peoples must be protected from the impact of radiation hazard. For this reason, environmental radionuclide concentration must be monitored periodically. Radionuclide that contained in atmosphere, surface soil, river water, food stuff, seawater, etc. can be known by some analytical methods and procedures. Sampling for surface soils and food stuffs (leafy vegetables, polished rice and milk) were done at observation area and reference area. Observation area is monitoring area under five kilometers radius from JAEA nuclear facilities. Reference area is area outside of observation area that monitored in order to take comparing data. Sampling for near shore seawater was done at four sampling points. Two sampling points are located at north from JAEA, i.e. Kujihama (6.5 km) and Toyoura (23 km). Two others sampling points are located at south from JAEA, i.e. Ajigaura (6.5 km) and Otake (27.5 km). Sampling for offshore seawater and seabed sediment were done using Seikai monitoring ship. Seafood stuff is bought from fisherman. On this paper, discussion is limited on analysis of radionuclide in surface soil sample from Higashi Ishikawa sampling point. 

Surface soil sample from Higashi Ishikawa sampling point have been analyzed. There are three analytical methods for analysis of radionuclide in surface soil sample, i.e. gamma spectrometry analysis for 137Cs, oxalate precipitation for 90Sr analysis and ion exchange for 239,240Pu analysis.  The analysis results are compared with JAEA’s previous data and also compared with theoretical estimation using data from UNSCEAR 2000 REPORT [3].

METHODS

Sampling


Surface soil sample was collected at Higashi Ishikawa sampling point. The depth of surface soil sampled was about 0-5 cm, because 90Sr, 137Cs and 239,240Pu have mainly been accumulated in the layer of upper 10 cm of soil and the concentration decreased with increasing the soil depth [4].

Analytical Method for Gamma Emitters Contained in Surface Soil


Surface soil sample was kept in oven of 1050C for 5 days to dryness. After that, the sample was sieved and putted into container which had the same geometry with standard calibration source. Weight of sample was 0.272 kg dry and density was 0.771 g/cm3. The sample is measured by mean of a germanium semiconductor detector.

Analytical Method for 90Sr Contained in Surface Soil


The organic matter in sample was burnt to ashes in an electric furnace. The sample soil was heated and leached with nitric acid and hydrogen peroxide water. Ammonium water was added to the leaching solution, and hydroxide precipitation was generated. Oxalic acid was added to the filtrate of the hydroxide precipitation, followed by collection of Ca and Sr as oxalates. After removing Ra by the barium chromate co precipitation method, Sr was purified as a carbonate and scavenged by adding Y3+, La3+ and Fe3+. Because of the permanent equilibrium relationship between Sr-90 and Y-90, this solution was left as it is for 10 to 14 days to make Y-90 grow, and a small amount of Y carrier was added to the solution for milking to precipitate yttrium oxalate (Y2(C2O4)3. 9H2O), and 90Sr was determined by mean of β-ray measurement.


This method was applied to analyze 90Sr contained in submarine earth, beach sand and soil. If the detection limit was assumed to be three times counting error (σ) for the net counting rate for 1 cpm background, 100 minutes counting time, 40% counting efficiency and 60% analytical recovery, then the limit of detection was 40 mBq/sample. 

Analytical Method for Plutonium Contained in Surface Soil


Plutonium in a sample was leached out by nitric acid, the resultant solution were subjected to anion exchange separation. Plutonium contained in the effluent was then electrodeposited on a stainless steel plate and quantitatively measured by mean of an automatic α-ray analyzer connected to a silicon semiconductor detector.

DISCUSSION

Surface soil sample from Higashi Ishikawa sampling point have been analyzed by applying three different analytical methods those have been discussed above. The analysis results shown in table 1 bellow. 

Table 1. Analysis results for surface soil sample collected at Higashi Ishikawa sampling point

	Nuclides
	Concentration Bq/kg
	Error
	Chem. Yield %

	Sr-90
	5.68E-01
	5.87E-02
	79.100

	Cs-137
	1.99E+01
	2.83E-01
	-

	Pu-239, 240
	9.63E-01
	5.62E-02
	67.516



The analysis results then compared with theoretical estimation using data from UNSCEAR 2000 REPORT as shown in table 2. Theoretically, concentration of 90Sr is obtained by using equation (1). The value of 137Cs and 239,240Pu concentration are estimated from ratios to 90Sr in global deposition [3].
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CN
: 90Sr concentration (Bq/kg)

ρdep
: deposition density per unit deposition (Bq m2 / PBq)

Idep
: integrated deposition of 90Sr (PBq)

ρ
: surface soil sample density (kg/m3)

h
: surface soil sample depth (m)

Table 2. Latitude distribution of radionuclide deposition from atmospheric nuclear testing based on measurements of 90Sr [3]
	Latitude band (degrees)
	Area of band 

(1012  m2)
	Population distribution (%)
	Integrated deposition of 90Sr (PBq)
	Fractional deposition in band
	Deposition density 

per unit deposition (Bq m-2/ PBq)
	Latitudinal value relative to hemispheric value

	Northern hemisphere

	80 – 90

70 – 80

60 – 70

50 – 60

40 – 50

30 – 40

20 – 30

10 – 20

0 – 10
	3.9

11.6

18.9

25.6

31.5

36.4

40.2

42.8

44.1
	0

0

0.4

13.7

15.5

20.4

32.7

11

6.3
	1

7.9

32.9

73.9

101.6

85.3

71.2

50.9

35.7
	0.002

0.017

0.071

0.161

0.221

0.185

0.155

0.111

0.078
	0.56

1.48

3.78

6.27

7.01

5.09

3.85

2.58

1.76
	0.12

0.32

0.81

1.35

1.51

1.09

0.83

0.56

0.38

	Total
	255
	100
	460
	1.0
	
	

	Populationweighted value
	
	
	
	
	4.65
	1.00

	Southern hemisphere

	80 – 90

70 – 80

60 – 70

50 – 60

40 – 50

30 – 40

20 – 30

10 – 20

0 – 10
	3.9

11.6

18.9

25.6

31.5

36.4

40.2

42.8

44.1
	0

0

0

0.5

0.9

13

14.9

16.7

54
	0.3

2.5

6.7

12.1

28.1

27.6

28.1

17.8

21
	0.002

0.017

0.046

0.084

0.195

0.191

0.195

0.123

0.146
	0.53

1.50

2.46

3.28

6.19

5.26

4.85

2.89

3.30
	0.14

0.40

0.66

0.88

1.65

1.40

1.29

0.77

0.88

	Total
	255
	100
	144
	1.0
	
	

	Population- weighted value
	
	
	
	
	3.74
	1.00



The position of Japan is at 30-40 degrees latitude band. Based on data from table 2, deposition density per unit deposition is 5.09 Bq m2 / PBq, integrated deposition of 90Sr is 460 PBq. Based on laboratory measurement, sample soil density was 771 kg/m3. Surface soil sample depth was 0.05 m. So, using equation 1, we can calculate the concentration of 90Sr theoretically is 6.07E+01 Bq/kg. The value of 137Cs and 239,240Pu concentration are 9.26E+01 and 1.06E+00 Bq/kg respectively. These values are estimated from ratios to 90Sr in global deposition, as shown in table 3.

Table 3. Radionuclide produced and globally dispersed in atmospheric nuclear testing [3]
	Radionuclide
	Half-life
	Fission yield (%)
	Normalized production 

(PBq Mt-1)
	Global release (PBq)

	3H

14C

54Mn

55Fe

89Sr

90Sr

91Y

95Zr

103Ru

106Ru

125Sb

131I

140Ba

141Ce

144Ce

137Cs

239Pu

240Pu

241Pu
	12.33 a

5730 a

312.3 d

2.73 a

50.53 d

28.78 a

58.51 d

64.02 d

39.26 d

373.6 d

2.76 a

8.02 d

12.75 d

32.50 d

284.9 d

30.07 a

24110 a

6563 a

14.35 a
	3.17

3.50

3.76

5.07

5.20

2.44

0.40

2.90

5.18

4.58

4.69

5.57
	740

0.85

15.9

6.1

730

3.88

748

921

1540

76.0

4.62

4210

4730

1640

191

5.90
	186000

213

3980

1530

117000

622

120000

148000

247000

12200

741

675000

759000

263000

30700

948

6.52

4.35

142


The analytical and theoretical estimations for surface soil sample from Higashi Ishikawa sampling point are shown in Figure 1. We can see that for 239,240Pu the difference between analysis result and theoretical estimation is not significant (9.15%), but for 90Sr and 137Cs, the differences are very significant, about 97.4% and 40.2% respectively. This can be occurred because of the characteristic of the nuclides. Distribution coefficient (Kd) is often used to predict the behavior of a radionuclide in soil-water systems. This coefficient is defined as the concentration of a radionuclide per unit weight of soil divided by the concentration of a radionuclide per unit volume of solution at equilibrium [2]. Distribution coefficient values for 90Sr, 137Cs and 239,240Pu are 200, 2000 and 100000 respectively [5]. From these values have we can see that 90Sr has least Kd value, but has biggest differences. Otherwise, 239,240Pu has biggest Kd value, but has least difference. In this chase, we can see that there are correlations between Kd values of radionuclide and the differences of analysis result and theoretical estimation.
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Figure 1. Analytical data result compared with theoretical estimation

Figure 2 shows the value of analysis results are compared with average of JAEA’s previous data (table 4). The difference of analysis result and average of JAEA’s previous data for 90Sr, 137Cs and 239,240Pu are 69.2%, 6.30% and 7.38% respectively. The concentration of 90Sr has big differences compared with average of JAEA’s previous data. The acid rains should be the reason of this fact. The fall out of acid rain into surface soil can make de-sorption of 90Sr, because acid solution can effectively leach 90Sr from surface soil, so the concentration of 90Sr in surface soil decrease as the time increase [6]. 

Acid rains often occur at Japan. The time of occurrence of acid rain (pH<4) was 26% and 10% respectively in Tokyo and Tsukuba, while the percentage of precipitation amount of acid rain was 7.0% in Tokyo and 4.3% in Tsukuba [7]. 
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Figure 2. Analytical data result compared with average of JAEA’s previous data

Table 4. Radionuclide concentration in surface soil sample (decay corrected as of 2006)[8]
	Year
	Sr-90
	Cs-137
	Pu-239,240
	Year
	Sr-90
	Cs-137
	Pu-239,240

	1977
	3.42E+00
	4.02E+00
	4.74E-01
	1992
	3.48E-01
	2.17E+01
	6.27E-01

	1978
	2.71E+00
	5.94E+00
	1.98E-01
	1993
	3.12E+00
	1.36E+01
	4.85E-01

	1979
	2.53E+00
	7.25E+01
	2.25E+00
	1994
	5.69E-01
	1.74E+01
	6.60E-01

	1980
	5.32E+00
	1.07E+02
	2.93E+00
	1995
	3.30E-01
	2.56E+01
	6.40E-01

	1981
	2.07E+00
	1.94E+00
	1.60E-01
	1996
	7.86E-01
	1.91E+01
	6.90E-01

	1982
	1.63E+00
	5.11E+00
	1.48E-01
	1997
	1.13E+00
	1.79E+01
	6.50E-01

	1983
	2.23E+00
	6.54E+00
	3.41E-01
	1998
	1.07E+00
	2.24E+01
	8.60E-01

	1984
	3.31E+00
	1.56E+01
	5.37E-01
	1999
	7.26E-01
	1.53E+01
	5.90E-01

	1985
	4.78E+00
	2.67E+01
	6.96E-01
	2000
	7.10E-01
	2.44E+01
	9.10E-01

	1986
	2.19E+00
	1.60E+01
	5.74E+00
	2001
	4.25E-01
	1.60E+01
	7.00E-01

	1987
	3.82E+00
	1.49E+01
	4.33E-01
	2002
	3.45E-01
	1.46E+01
	5.80E-01

	1988
	2.18E+00
	1.02E+01
	3.38E-01
	2003
	8.37E-01
	3.08E+01
	1.20E+00

	1989
	6.97E-01
	1.52E+01
	4.84E-01
	2004
	5.15E-01
	2.10E+01
	8.50E-01

	1990
	1.20E+00
	2.03E+01
	5.95E-01
	2005
	4.59E-01
	1.56E+01
	6.90E-01

	1991
	4.00E+00
	1.82E+01
	5.54E-01
	
	
	
	

	Average
	1.84E+00
	2.12E+01
	8.97E-01

	Standard Deviation
	1.45E+00
	2.07E+01
	1.09E+00


CONCLUSION

The concentration of 90Sr, 137Cs and 239,240Pu have mainly been accumulated in the layer of upper 10 cm of soil and decreased with increasing the soil depth. Surface soil at Higashi Ishikawa has been sampled on 5 cm depth and has been analyzed by three different methods. The analysis results show insignificant difference compared with theoretical estimation and average of JAEA’s previous data.
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