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Abstract: Soil samples collected around a nuclear installation in southwest China have been
analyzed for U, Th and K using instrumental neutron activation analysis (INAA). Samples
were irradiated with an integral thermal neutron flux of 3X10' /ecm® in the high flux reactor
at Nuclear Power Institute of China, Chengdu, China. The three elements have been deter-
mined from 150 samples by high-resolution gamma spectrometry. To evaluate the accuracy of
analytical data, certified reference materials NIST SRM 1633a and GBW 07045 were analyzed
together with unknown samples and the results were found to be in good agreement with
certified values for these three elements. The results of correlation analysis for both the

contents of the three elements and the Th/U ratio indicate that the nuclear field releases a
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little uranium to environment. Moreover, the results of size distribution indicate that the

uranium and thorium contents are higher in clay than in other kinds of soil particles,

especially for uranium.

Key words: nuclide; instrumental neutron activation analysis (INAA); soil; survey
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Table 1 Comparison between determined and standard value of U, Th and K in certified reference materials

w
TLH

(Elements)

SRM 1633a GBW 07405

HR UE{H (Standard value ) M 4 & (Determined value) R UE(E (Standard value) Il 4 {f (Determined value)

U 10.2X 1076 10.2X10°¢ 6.5x10°° 6.0Xx10°°
Th 24.7X10°° 23.82X10 6 22.7X10°° 22.34X10°6
K 1.88% 1.87% 1.24% 1.23%
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Fig. 1 Distribution of uranium, thorium and potassium in the upper abnormal zone (UAZ)
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Fig. 2 Distribution of uranium, thorium and potassium in the lower abnormal zone (LLAZ)
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Table 2 Results of correlation analysis for uranium contents among the abnormal zones and the reference zone

XI5 B2 IR b MR 2R 8K

(Zones) (Pearson correlation)

-5 Fl 5 R

(Sum of squares and cross-products)

FE A H n

(Sample number)

P52

(Covariance)

% & X (Reference zone) 1

| 5% X (Upper zone) —0. 141

N 5% X (Lower zone) 0.203
1 0.571

348. 820 24.916 15
—91. 620 —6. 544 15

20. 939 2.094 11
303. 796 37.974 9
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Table 3 Results of correlation analysis for thorium contents among the abnormal zones and the reference zone

X 35 IR A R 7 B

(Zones) (Pearson correlation)

05 5 SRR

(Sum of squares and cross-products)

W5 22

(Covariance)

B A8 n

(Sample number)

% B [X. (Reference zone) 1
54 X (Upper zone) 0. 446
T 5% X (Lower zone) —0.075
Il —0. 404

27.906 1. 993 15

4.921 0. 352 15
—0.535 —0.054 11
—7.658 —0.957 9
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Table 4 Correlation analysis results for the Th/U ratio in different zones
X 45 Bz IR AH 5% R AL oS X B oy 2% P A E n
(Zones) (Pearson correlation) (Sum of squares and cross-products) (Covariance) (Sample number)

X} B [X. (Reference zone) 1 2.159 0. 154 15
54 X (Upper zone) —0.231 —0.153 —0.011 15

T %% X (Lower zone) 0. 043 0. 007 0. 001 11

il 0.543 0.238 0. 030 9
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Table 5 Comparison of U, Th and K content in different zone
TLE - 5 [X.(Upper zone) T 5 H X (Lower zone) Xif B8 [X (Reference zone)
(Elements) w Winax Winin w Winax Wain w Winax Wain
U 23.0X107% 30.1X10°6 12.9X10 % 20.1X10°% 24.6X10°% 17.8X10° 6 8.32X10°% 11.9X10 6 3.35X10° ¢
Th 5.46X1076 6.16X106 4.42X10°5 5.22X107% 5.97X10°°% 4.28X107¢ 5.02X10°% 5.83X10°6 4.22X10°°¢
K 1.09% 1.56% 0.71% 1.02% 1.26% 0.87% 1.05% 1.47% 0.81%
Th/U 0. 26 0. 39 0.13 0. 26 0. 31 0.21 1. 57 1.75 1. 02
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Table 6 Content of 3 elements in various size of soil particles
K% (Particle size) / Sl 562
mm w(U) w(Th) w(K) w(U) w(Th) w(K)
>2.5 23.8X10°6 5.71X107° 1.18% 18.00X10°° 5.58X10°¢ 1.05%
0.93~2.5 20.6X10°°¢ 5.2X10°° 1.02% 16.0X10°°¢ 4.99X10°¢ 0. 969 %
0.095~0. 93 24.1X10°°6 5.83X10°¢ 1.13% 16.9X 106 6.23X10°°6 1.09%
0.05~0. 095 30.2X107°6 7.28X107° 1.2% 22.0X107° 6.69X10°6 0.99%
0. 030 8~0. 05 29.9X1076 7.41X107° 1.03% 22.7X107° 6.58X107¢ 1.02%
<20. 030 8 29.1X10°°6 7.08X10°6 1.1% 19.4X10°6 7.29X10°°°6 1.13%
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