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Geostatistical Interpretation of Cs-137 and K-40 Result of the Lithosphere in
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In order to investigate the influence of nuclear power plant operation on its nearby environment, soil, stream and
marine sediment samples were collected in the vicinity of the Youngkwang Nuclear Power Plant in Korea, and ana-
lyzed for artificial and natural radionuclide radioactivity. From the analytical result, Cs-137 was detected in most soil
samples, but it may have been derived from past nuclear weapon tests because Cs-134 having short half-live was not
detected. The radioactivities of Cs-137 in the sediment samples were also detected which are within the normal range
in the sediments based upon the published literature between 1997 and 1999. For the quality control of radioactivity
analysis of environmental samples, sets of marine sediments in the Gamami area were analyzed using two HPGe
Gamma-ray Spectroscopes (30% and 45%) according to the geostatistical sampling strategy, and Cs-137 and K-40
results were interpreted by analysis of variance (ANOVA). In the two-way ANOVA, variances derived from the
geochemical variation were significant, but errors from sampling and analytical procedures are negligible. In conclu-
sion, all the radioanalytical procedures of this study including sampling are validated to be acceptable.

Key words : Youngkwang nuclear power plant, gamma-ray spectroscopy, quality control of analytical result, analysis of vari-
ance, Cs-137 and K-40

P:’.

BFAN7 e AERBAAFANE M= 200000 ) FoF fAERAL FH DA 2AA g o)A o
FEdAE AL FAE g v o EY, FAHE ¥ HAE T @A A ‘ZH?_ 7 P“ HEAE 2
A& Rt B4 EY SHHE 9 Y BN AdFHEA Cs- 1370] 7‘45512101% At 337K1997-99)2)
SAARA B oldle] RolAa, s BAle duAlgedy AzHe sEdE SIS, E'} 7]71' & Cs-
134= A8 AEER e o2 Hol gHrkse og dgko] oldS & £ vk IAAE 240 g TARE
E S do2 HAE s AR AEE 7hzh 5A-A EA]EE ANAstA o) dEg 8ol 247
30%, 45%%) 2019 HPGe Gamma-ray Spectroscope® FAlol| Eiled SuAM 24zt 9} BAlo] AR g g4

A717) 97 AFEATHY A7E FYBACE 01 AN TR 920e 4 AsREaubE AHAEY 2}

Nl

olF olelx] EAENE FUNAL. Two-way ANOVA B3} C5-137 B K408 2% NBAA AHe] Holo] o
& waio] FEsE, ARAF ¥ BHAPANN Al 2Rk RAY B sl ABAR R AR 2
Tpge A wetL @ 4 U

F20{: FHUAE AL, gelERs B hate] AR, BARA Cs-137 B K40

*Corresponding author: kwkim@Kkjist.ac.kr

545



546

s
o,
olo

.M B

FRAAH LA oM = LR AL ThEolARE
AR A4e] Pzl dAL FAY A 2
A8 H7kE FaEided, 1986 195 Bl AHA
B AEAE £, ASHH ANEEE £
3 ATHHEA F, 1999). E3 A A9
AP, A, FEAE sl st dARAY
5 2l 2AME 9AFH AFdd AXEL e
A4 e A7 71He] HEsA EHo A=
a2 ZAF ASES JeHE=AETAL 1997).

FEAE7|EdoNE 20008 SRS 4
S A% AEE YA EHAY IS Y 9%
23 AGoA AFEF e, AEs IA FWIE, =
ANE, g ER FEE B JoM= FA
2ol FAALs HEdEE g 2 Yeia e
Zul3lEEA 7] (HPGe Gamma-ray Spectroscope)oll 2|
g el 24 AE d5- WEAS7 ] (Low Level
a/p Counteryel] 2|3+ e} 84 AEEF ¥4, ¢
AR 84 B4 9 AR)4d37)77] (Liquid Scintillation
Counterol] 2|3 254 FA4o] s drh@=edat
Berled, 1992). B A+ FAHY B Pl

126 21 20

ol

BAYEZ B, SRIE ¥ A ES] PepEEAS
olgs] A whe YislE BoFE ATHE Cs-137
I} HAHE K408 Yo BAAx e 2EE 3
A3t hEF A7 EN qUEAREATAE,
2001). E=3F YRlEubd AT B S A e
AZFBR7 F2 FAZ dFHT o, FAHEA
(ANOVA)YS: o]&-5t AF-FAISHARI Wiaiel] oja 4
o] AlFAE Hrletzal sk tH(Davies, 1986). ©]&
sl AEAE A7) B EAPHE Ed F ATE
Aoz vzl A HANZ 7| FHA] oM
AL ARE AHF F 2 AR e Cs-137 2
K-402] ¥MAAE o] &, FAEAE st

2. NEAH R EMUY

ANEZHH AP 7| BaA] A 96-3150 &5l
R4 B Fe QT BE, WAFs AXAY, 7%
e, gz, Y 2 429 fold & 12
oz vtz Ao} i3 HASA 9 HAME
A EyY 55 st dadAgdTae] A

ol A THERAE FAE, 1995). Eg 93

o
= f 54
9o AT FTL WA We AYS MEAYS

126 30 50

35 28 20

@2 = (E, 25.0 km)

M =1 (SSE, 37.0 k)

o=
Baze

(A o= (S. 35 kn) L

[!%‘%“ (SSE.\16.7 kmi

ANE

352115

Fig. 1. Sampling sites in the vicinity of the Youngkwang Nuclear Power Plant area.
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Table 1. Analytical result of gamma-ray spectroscopy for soil samples.

Radioactity (Bg/kg-dry)

Reference ('97-'99)

Sampling site Samplingdate Co137 <20 Co137
4. 20. 1.54+ 0,12 839.35+ 9.22
Rear Gate of NPP 10. 12 624+ 038 64531+ 34.59 )
Hongnong West 4.7, 0448+ 0.12 759.90 6.82
Elementary school 10. 20. 0.864% 023 803.70 56.62 ND-25.14
Hongnong West 4. 7. <0.122 510.4946.21
Elementary school 10. 20. 0.334 0.08 638,63 45.02 ND-1.66
4.7, 15.17+ 0.30 50339+ 6.21
Peobsong 10. 20. 12,06+ 0.43 508.42+ 20.69 ND-1041
4.7. <0.243 13353+ 16.83
Youngkwang -
10. 20. 4031021 789.42+ 21.47
Kochang 4.7. 146+ 0.15 881.17+ 9.21 D253
10. 20. 1.194 035 868.13£ 61.19 :
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Table 2. Analytical result of gamma-ray spectroscopy for soil samples.

Radioactity (Bg/kg-dry)

Reference ('97-'99)

Sampling site Samplingdate G137 <20 Col39
2. 28. 3.73£0.18 645.561+10.14
Yeonwoo Bridge 4. 7. 4.70x0.12 707.16+ 7.27

9. 18. 6.4010.36 672.001 14.25 ND-17.40

10. 20. 6.47x0.38 693.81+14.22
1. 15. <0.213 1167.2112.21
. 4. 7. 0.493 £0.08 945.52+10.11

Imkog Bridge 7. 31 2.7940.19 938444 11.73 <0.728
10. 20. <0.483 8224112533

Table 3. Analytical result of gamma-ray spectroscopy for soil samples.

Radioactivity (Bg/kg-dry)

Reference ('97-'99)

Sampling site Samplingdate o117 20 Col17
+
6. 16 1512 0956 et 175 L 122
+
Mongnenge g Tmtouts 9503 1220 2294099
.3 94+ 0. 36t 1.
Sinheung 0. 15 21ston1s o735 1701 2355090
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S T o2 dEe Ay AEHEA ¥ych ¢
ol ZAMNA WA AlBAME A 3F(1997-99)y7F

At F s 7 BlolWrETAs7ed o
VX SAATAE, 2001), o= o|A7A2] A&
Aol Fd el AFEHYA o E 99d )R
B ZAzR|e} E3o] A gy HoZ ANFHAH-E W
7% 2o AYHAUI|Y WAbs Fe] AAE B
712 oyl ¥ A F K402 503-1335
Ba/kg-dry HHE AEHIA K Table 1).

o] E7elck AHS A¢wel dFwe] sPHEY
g AolelE 25 FEEe] Cs-1370) |-
o)X HF 533 Bokg-dry, dFzolM BHE &
F(ND~2.79 Bg/kg-dry) 22 AZEHUL} EGA
o} rlRiAE dAe] 95 FAe ArkAYolA
AEHI Ue FEOITH(Table 2). FHE HAYFER]
K-40 645~1167 Bg/kg-dry B91Z A&HUct.

AA wigTe] AFHER FEE 2= AHE AlS
< WigE, Bl 2 BRI AlgelA Al # st
435 A3, QF8F Cs-1370] vjFTolA Ha
1.34 Bg/kg-dry, 8871914 2.65 Bg/kg-dry, 215l
Al B 2.05 Bokg-dry2 AZEHASG. ol #H7 3
d7h (1997-99) VHFHA AT vlwx|de] S4gae
H|5=7h ol th(Table 3). T, BEA9 9] o2, A&

i

¢

ARt A dE F3] SIAE(0.19~8.3 By/
kg-dry)st Ze|dFHAY v HEH A EW0.271~

Table 4. Analytical result of gamma-ray spectroscopy of
sediment samples for geostatistical interpretation (Bg/kg-dry).

Radioactive Sampling Sample Analysis 1 Analysis 2

Nuclide Site 1LD.
GM 1 GM 1-1 2.07 2.21
GM 1-2 245 242
GM 2-1 0.594 0.862
GM 2 GM 2-2 0.517 0.659
GM 5-1 0474 0439
Cs-137
GM 5 GM 5-2 0.468 0.531
GM 6-1 0.283 0.377
GM 6 GM 6-2 0313 0.443
GM 7-1 0.255 0.403
GM 7 GM 7-2 0.283 0.246
GM 1 GM 1-1 758 757
GM 1-2 789 784
GM 2-1 890 890
M 2
G GM 2-2 882 888
GM 5-1 783 811
K-40
GM 5 GM 5-2 787 794
GM 6-1 704 718
GM 6 GM 6-2 730 734
GM 7-1 735 747
GM 7 GM 7-2 749 746
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Table 5. One-way ANOVA result of Cs-137 in sediment samples.

HO; MFirst = MSecond

SS dF MS F P

Intercept 13.27961 1 13.27961 21.13538 0.000224
Sampling site 0.03898 1 0.03898 0.06205 0.86110
Error 11.30961 18 0.62831
Total 11.34860 19

Hy; Wsitel = Msitez = Msite3 = Msites
Intercept 13.27961 1 13.27961 1004.591 0.000000
Analysis method 11.15031 4 2.78758 210.878 0.000000
Error 0.19828 15 0.01322
Total 11.34860 19

Table 6. Two-way ANOVA resuit of Cs-137 in sediment samples (Univariate tests of significance for element concentration,
Sigma-restricted parameterization, Effective hypothesis decomposition).

HO; MFiest = Hsecond, HO; Msitet = Msite2 = Hsite3 = Hsites

SS dF MS F p
Intercept 13.27961 1 13.27961 21.13538 0.000224
Sampling site (Treatment 1) 0.03898 1 0.03898 0.06205 0.86110
Analysis method (Treatment 2) 11.15031 18 0.62831
Sampling site/Analysis method (Interaction effect)y  0.02189 19
Error 0.13741 1 13.27961 1004.591 0.000000
Total 11.34860 4 2.78758 210.878 0.000000
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Fig. 2. ANOVA test results of Cs-137 in sediment, (a) Element
concentration variation depending on analysis method, (b)
Element concentration variation depending on sampling
site, (c) Element concentration variation depending on the
interaction effect of dependent variables.
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(a) Element concentration variation depending on analysis
method, (b) Element concentration variation depending on
sampling site, (c) Element concentration variation depending
on the interaction effect of dependent variables.
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Table 7. Two-way ANOVA result of Cs-137 in sediment samples (Univariate tests of significance for element concentration,
Sigma-testricted parameterization, Effective hypothesis decomposition).

HO; MFirst = MSeconds HO; Msitel = Msite2 = Hsite3 = Msites

SS dF MS F p
Intercept 12286849. 1 12286849 76985.27 0.000000
Sampling site (Treatment 1) 192. 1 192. 1.20 298193
Analysis method (Treatment 2) 65750. 4 16437 102.99 .000000
Sampling site/Analysis method
(Interaction effect) 233 4 38. 0.37 827880
Error 1596. 10 160.
Total 677771. 19
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