g7 BAGHA A 244 A5 =
J. KOSAE Vol. 24, No. 5(2008) pp. 538 ~550
Journal of Korean Society for Atmospheric Environment

Mexld slEsEe] EX0SS A3t BUEMY A7

Studies on the Spatial Analysis for Distribution Estimation
of Radon Concentration at the Seoul Area

W&o} - OfefH - AMED - A&+
Asdst $7 - S &R e AT U BAATAE,
EEREELEE P

(20081 44 289 A 4=, 2008 9¥ 30Y A=)

Seung-A Baek, Tae-Jung Lee, Shin-Do Kim'" and Dong-Sool Kim*
College of Environment & Applied Chemistry and Center for Environmental Studies,
Kyung Hee University
YDepartment of Environmental Engineering, University of Seoul

(Received 28 April 2008, accepted 30 September 2008)

Abstract

Radon is an invisible, odorless, and radioactive gas. It is formed by the disintegration of radium, which is a decay
product of uranium. Some amounts of radon gas and its products are present ubiquitously in the soil, water, and air.
Particularly high radon levels occur in regions of high uranium content. Although radon is permeable into indoor
environment not only through geological features (bed rock and permeability) but also through the construction
materials and underground water, the radiation from the geological features is generally main exposure factor. So
there can be a problem in a certain space such as the underground and/or relatively poor ventilation condition.

In this study, a GIS technique was used in order to investigate spatial distribution of radon measured from sub-
way stations of 1 thru 8 in Seoul, Korea in 1991, 1998, 2001, and 2006. Spatial analysis was applied to reproduce the
radon distribution. We utilized spatial analysis techniques such as inverse distance weighted averaging (IDW) and
kriging techniques which are widely used to relate between different spatial points. To validate the results from the
analyses, the jackknife technique for an uncertainty test was performed. When the number of measuring sites was
less than 100 and also when the number of omitted sites increased, the kriging technique was better than IDW. On
the other hand, when the number of sites was over 100, IDW technique was better than kriging technique. Thus the
selection of analytical tool was affected sensitives by the analysis based on the number of measuring sites.
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Fig. 1. Location of the study area and the sampling site.
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Table 1. Sampling period and method.
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Fig. 2. Frequency distribution of radon concentration in the subway stations at the Seoul area. (a) 1991, (b) 1998, (c)
2001, and (d) 2006.
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Table 2. Results of average radon concentrations and standard deviations. (unit: pCi/L)
1991 1998
Line Platform Concourse n¥#* Platform Concourse n
G.M.* G.S.D.** G.M. G.S.D. G.M. G.S.D. G.M. G.S.D.
1 2.48 1.50 2.02 1.70 9 1.09 2.20 1.58 1.53 9
2 1.11 2.76 0.92 245 32 1.65 1.62 1.16 220 36
3 5.26 2.40 443 2.63 22 2.32 1.51 2.10 1.56 29
4 2.27 2.07 2.25 2.02 20 222 1.71 1.63 1.87 21
5 - - - - 2.17 2.32 2.30 1.86 50
6 — —_ —_ — —_ — —_ — —_ —
7 - - - - - 3.16 2.27 3.38 1.77 17
8 - - - - — 1.95 1.28 1.65 1.50 7
Average 2.19 2.92 1.87 2.86 83 2.07 2.00 1.89 2.56 169
2001 2006
Line Platform Concourse n Platform Concourse n
G.M. G.S.D. G.M. G.S.D. G.M. G.S.D. G.M. G.S.D.
1 1.97 1.41 2.12 1.89 9 0.78 1.23 0.58 1.83 2
2 1.93 1.94 1.36 297 28 0.63 1.13 045 1.62 2
3 2.11 1.99 1.88 2.15 26 0.81 2.13 0.66 2.04 5
4 1.64 1.87 1.93 227 17 045 1.42 0.53 1.00 2
5 1.74 1.92 2.06 2.12 34 1.33 1.98 0.95 2.08 16
6 1.16 2.48 1.44 1.92 22 1.09 2.46 1.00 2.25 9
7 1.19 2.69 1.53 2.88 31 2.15 2.54 1.35 3.16 11
8 1.70 1.44 1.15 4.06 11 0.85 1.00 0.32 1.00 1
Average 1.62 2.16 1.66 2.54 178 1.22 2.37 091 243 48

*G.M.: geometric mean, **¥G.S.D.: geometric standard deviation, ***n: number of sample
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Fig. 4. Maps for spatial interpolation of radon concentration in subway platforms at Seoul.
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Table 3. Comparison of calculated correlation coefficient
and root mean square error (RMSE) between pre-
dicted and measured radon concentrations in
subway platforms and concourses at Seoul.

Platform Concourse
IDW
e RMSE 1 RMSE
1991 0.9459 0.941 0.9055 0.569
1998 0.9919 0.176 0.9921 0.185
2001 0.9966 0.082 0.9929 0.185
2006 0.9950 0.009 0.9809 0.008
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1991 0.6761 2.632 0.7108 2.617
1998 0.8433 0.829 0.9905 0.209
2001 0.7680 1.236 0.9973 0.109
2006 0.7722 0.802 0.8156 0.868
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Fig. 5. Regression plots between predicted and measured radon concentrations in subway platforms at Seoul.
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Fig. 6. Comparison of uncertainty analysis results bet-
ween IDW and Kriging spatial interpolation tech-
niques according to number of removed sites.
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