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ABSTRACT

Objectives: This study examines the relationships between indoor radon concentrations and distribution from soil geological
mapping in the Hwacheon and Jangsu areas.

Methods: GIS and a pivot table were used for inquiries about indoor radon contents, soil characteristics, and geological differences.
Results: The Hwacheon area was characterized by the presence of normal and reverse faults as a passage of runoff for radon, sufficient
occurrences of minerals containing uranium within granite as a radon source, a high concentration of radon within the granite area and
clear differences of radon concentrations between granitic and metamorphic areas. The Jangsu area was characterized by the presence
of normal faults, wide distributions of alluvium, and ambiguities on radon concentrations indoors among areas of geological
differences. Considering the granite area and alluvium surrounded with granite areas, the characteristics of radon concentrations within
soils and indoors in the Jangsu area are similar to those of the Hwacheon area. High concentrations are found with entisol and inceptisol
in the Hawcheon area, but with entisol, inceptisol, and ultisol in the Jangsu area. High radon concentrations are found in sandy loam
and/or loam. High concentrations are found in recently constructed or brick buildings, but low concentrations in traditional or
prefabricated houses showing a high possibility of outward flow.

Conclusions: The overall results suggest that radon concentrations in the Hwacheon and Jangsu area are dominantly influenced by
geological characteristics with additional artificial influences.

Key words: artificial influences, geological differences, Hwacheon, Jangsu, radon concentration
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2009; Cho et al., 2014; Jeong et al., 2015). A2 %4
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Figure 1. Simplified geological maps of Hwacheon and Jangsu area
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B) Jangsu area.
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Figure 2. Representative photomicrographies of minerals containing uranium(Abb: HC for Hwacheon, JS; Jangsu; GN for gneiss: GR for

Granite)
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Figure 3. Location map of sampling sites for concentrations of indoor radon
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Figure 4. Concentrations of indoor radon for Hwacheon area

Table 1. Radon concentrations and numbers of buildings from the Hwacheon area

3
Rock Type =75 P;(;/_I;O 0 200 Unclassified Sum
Gneiss 329 291 61 0 681
Granite 108 211 162 9 490
Alluvium 154 251 129 3 537
Others 6 7 1 0 14
Total 597 760 353 12 1,722
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Figure 5. Concentrations of indoor radon for Jangsu area

Table 2. Radon concentrations and numbers of buildings from the Jangsu area

Bg/m’
Rock Type <75 75-200 >200 Sum
Gneiss 197 165 75 437
Granite 197 218 73 488
Alluvium 337 502 293 1,132
Others 3 1 0 4
Total 734 886 441 2,061

http://www.kiha.kr Journal of Korean Society of Occupational and Environmental Hygiene, 2017: 27(4): 333-351



RlelHEAAH (G2 0188 EYXAE

AT

Zo MLjEtE A2ty A7 &N H o ARE 2HE 341

Table 3. Comparisons among construction year, radon concentration and rock type, Hwacheon area

Bg/m’
Rock Type Construction Year gm Unclassified Sum
<75 75~200 >200
<1970 45 52 13 0 110
1970-1990 68 58 21 0 147
1990-2000 88 104 14 0 206
Gneiss >2000 109 56 10 0 175
unclassified(A) 19 21 3 0 43
Sum 329 291 61 0 681
except(A) 310 270 58 0 638
<1970 9 20 21 1 51
1970-1990 15 43 53 5 116
1990-2000 29 51 56 1 137
Granite >2000 47 79 28 2 156
unclassified(B) 8 18 4 0 30
Sum 108 211 162 9 490
except(B) 100 193 158 0 451
<1970 22 36 24 1 83
1970-1990 16 52 39 1 108
1990-2000 42 88 30 1 161
Alluvium >2000 59 55 18 0 132
unclassified(C) 15 20 18 0 53
Sum 154 251 129 3 537
except(C) 139 231 111 0 481
<1970 0 0 0 0 0
1970-1990 2 0 0 0 2
1990-2000 1 1 0 0 2
Others >2000 3 6 0 0 9
unclassified(D) 0 0 1 0 1
Sum 6 7 1 0 14
except(D) 6 7 0 0 13
Total except(A,B,C,D) 555 701 327 0 1,583
o 9L BE $E 75 Ben' ot AFE o B wet ofFale] AFEWR SYE7] fEo]
57k 200 Bg/m’ ol AFE SRt wokth(Figure ok 3 Aol TS 2 IS0l AR i A
5, Table 2). 9F4 BEA] ¥ AZE SolA et o] EWA BEsia gla, A4 AoE AuEol
A 49 SE Hwob 75 Bym'olst gl AFE  RA oA A|ole) BERol sl ok vy
57} 200 Bym® o4 el Zwrh worth siXul 8 EF 3 whEe] ghape] Wby Tl Huker A
Ak A skt A W FAES TPsH= 200 A9 B BE BE FAE ol ATRY AL
ol ¥ AHE 7t wukety} Hupef £2A W F N = e FAIRH
AFe TP AZEY 4 Hrt gol AAHom
789 i 2)A% 4=, AZ Zo), AFE A= TH A

3 Aol A= 1970 o]F o4, 1970-19904,
199020001, 20004 o3& & A7} Z7}3to] wtat A
SE7F S8 A B THTable 3). o]+ 2.}

H A5E2 47 HaL AR dsEHe d5e a0t

4 A7z 2x AR Fololz AHGE7E sHAE Aury
o2 AZT o] 2 o] Tx AMoleki ojnlel.
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Figure 6. Map showing sites of indoor radon concentration, Hwacheon area
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Table 4. Comparisons among construction year, radon concentration and rock type, Jangsu area

. Bg/m’
Rock Type Construction Year Sum
<75 75-200 >200
<1970 42 27 12 81
1970-1990 25 25 20 70
1990-2000 55 47 23 125
Gneiss >2000 73 63 19 155
unclassified(A) 2 3 1 6
Sum 197 165 75 437
except(A) 195 162 74 431
<1970 28 29 9 66
1970-1990 36 26 20 82
1990-2000 44 60 23 127
Granite >2000 82 92 17 191
unclassified(B) 7 11 4 22
Sum 197 218 73 488
except(B) 190 207 69 466
<1970 33 54 33 120
1970-1990 55 99 76 230
1990-2000 80 157 122 359
Alluvium >2000 156 170 48 374
unclassified(C) 13 22 14 49
Sum 337 502 293 1,132
except(C) 324 480 279 1,083
<1970 0 0 0 0
1970-1990 0 0 0 0
1990-2000 2 0 0 2
Others >2000 1 1 0 2
unclassified(D) 0 0 0 0
Sum 3 1 0 4
except(D) 3 1 0 4
Total except(A,B,C,D) 712 850 422 1,984

AL 9L, A% At BHE FE FEH
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Figure 7. Map showing sites of indoor radon concentration, Jangsu area
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Figure 8. Differences for contacts of buildings to top soil
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Figure 9. Relationships between geology and indoor radon, Hwacheon and Jangsu area(For Hwacheon(A) 1; granites, 2;gneiss, 3; gabbro,
4; schist, 5: alluvium, 6;amphibolite, For Jangsu(B) 1; granites, 2;gneiss, 3; diorite, 4; metasediment and dykes, 5: alluvium,
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Figure 10. Relationships between geology and soil order, Hwacheon and Jangsu area(For Hwacheon(A) 1. Alfisol, 2. Entisol, 3.
Inceptisol, 4. Ultisol, For Jangsu(B) 1. Alfisol, 2. Entisol, 3. Inceptisol, 4. Ultisol)
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Figure 11. Relationships between geology and soil order, Hwacheon and Jangsu area(For Hwacheon(A) 1. Sandy loam, 2. Loam, 3. Silt
loam, For Jangsu(B) 1. Sandy loam, 2. Loam, 3. Silt loam, 4. Silty clay loam)

Table 5. Radon concentrations(Av) for soils and indoors from Hwacheon area

Building Soil
Rock Type 3 3
Radon(Bg/m”) Radon(Bg/m”) Ra-228(Bg/kg) K-40 (Bq/kg) U (mg/kg)
Granite 149.1963 24,956.51 81.46553 738.6015 3.013087
Gneiss 80.83612 13,042.38 71.53198 718.52 2.797182
Alluvium 109.9767 13,273.05 74.91166 865.7466 3.732384

Table 6. Radon concentrations for soils and indoors at alluvium area surrounded by gneiss area, Hwacheon area

Building Soil
Sample Contact Land ;
Number Type Registration Radon Radon(AV ) Ra-226 Ra-228 K-40 Uranium
(Bg/m’) (Bg/m®) (Ba/kg) (Ba/kg) (Ba/kg) (mg/kg)
28255 1 Earth 139.8178 3,652.5 45.0 77.0 591 3.17
28260 2 Field 24.6928 4,328.8 31.6 65.0 566 2.31
28273 4 Field 23.15753 8,692.3 22.1 63.8 495 1.64
28286 1 Field 138.2321 18,423.1 50.4 57.8 980 3.75
28296 1 Earth 100.9537 9,579.4 66.2 98.4 1211 5.81
Average 85.37077 8,935.22 43.0479 72.39299 768.6246 3.334091

" AV. for Average

1)oA BHTe] A9 Aol A A SHE % (Table 5.67) 8149t Aole Hukel Ao} wrh R
o Zrj gre Uehton, AutHoR GEdA AL 1, FHE A9 Fuge Btk slg Uk
A AY PE 529 go] £/ BAHeth 4P Ra-228, K40, U G BF @olA a4 1<o] @
o A9 AFEGA AW BHE HEO] A U upl A9 moh kot 2AE QL FG 54
gton, ANHOR FEOH AL Ay SE 2 Holx] Uitk AN BE B et Yk B
So] gro] 7 HIEUh § A9 BE metom  Exo] a4t @ Wuleke] A% AW SAL kg
SH E3} @ Ho] b EGRom 2 A F SHe O dadu, F2HZS Fi Aol B2
Bo] WAo] AL Aoz TIo| WE EoFFolct.  Eake] xo] EL P AX ) EAA o] AR
o] AT £ BHE SRS MOl RO difo] k. o]F9] o]Fom o] b5 B 4 9t
Eof ARl HHD A AZE WP e
) EFATH 5Tl 2E T2 vl BTl sger Moo] Wukel A9 Mok Egrou
daesel = Ame] SAAE ASEF L N = oo 271 e monh ot s AZE
wAE. B HE smdld AN BY 2 geo) gag vE 590 s @ wHniee
2 sAolal 3 AE, OFE, AFE, TJAE So] 9o A XA E4E vhYsts AeRE e
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Table 7. Radon concentrations for soils and indoors at alluvium area surrounded by granite area, Hwacheon area

Sample Contact Land Building . Sol
Number Type registration Radon Radon(AV'.) Ra-226 Ra-228 K-40 Uranium
(Bg/m’) (Bg/m’) (By/kg) (Ba/kg) (Ba/kg) (mg/kg)
28306 1 Earth 167.9896 15,898.2 40.0 74.6 1030 4.43
28308 1 Earth 74.75174 13,716.0 49.4 93.1 990 3.50
28309 1 Earth 146.507 24,806.4 34.1 69.5 1012 2.76
28310 1 miscellaneous 173.688 20,360.7 43.8 75.0 916 6.23
Average 140.7341 18,695.34 41.82044 78.05999 987.1491 4.23025
" AV. for Average
Table 8. Radon concentrations for soils and indoors with petrology
No. of Building(Bq/m®)
Rock Type Radon con. of soil (Bq/m®) Sum
<75 >75, <200 >200
Granite <10,000 2 3 2 7
>10,000 3 5 1 9
Sum 5 8 3 16
Gneiss <10,000 7 4 0 11
>10,000 6 3 1 10
Sum 13 7 1 21
Alluvium <10,000 2 4
>10,000 1 4 5
Sum 3 0 9
Total 21 21 4 46
Assd B W 2he s Fatgh Bl a(Table 8) Hupel A/ GET WAL, A5 A2 = ARo]ollA
ofl A sHet Aol Hupeh A Kok w2 A2 A S B A e B i 52
o] B vtYgste Jom oSo] " shA|T sPget 9 Hupeke] Ao AFEA Y vE W
7171 B Asedle 2he w28 1Y 32| == Wgshs Ao o shARt S5 o)
EY T the v &1 930l 5= U9 2= o] BF-eF o] F5F Aol wE ESFe Abo] ®
=Y w1 WEol Y A Ghee AR = ABHeE AAY E44 old HH=Y olF
of A= AFEY EAS W7 Fom WEHe SoR sjHo] s & 5
el A B QA W 5 et A 718k Ra-228 @HaFe 3pdel Aol Huped A9
= YA AFRA o R S A Y2 Tl fE Hu} gheront K-40, U ol ek Aol #
TEEA FAEs AYSH qdSol WAl EEst uheh A Hop =0tk S5 AH2 e gl
of, olgx AFEWY e sk TS U= SPFY, dupetEy @2 e Bk Aol B
Aoz ok 5 The 9 71E da v 540l Ao B4 vt
EG U e sRoAd AeAHe 4-9(Table FL e AN O 99 4 o S AR E
9,10) BSf § e T=(HaEholA s A9 F 5 S A EE T Y o M e 7
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Table 9. Radon concentrations(Av) for soils and indoors from Jangsu area

Building Soil
Rock type 3 3
Radon(Bg/m’) Radon(Bgq/m’) Ra-228(Bg/kg) K-40(Bq/kg) U(mg/kg)
Granite 140.71 18,376.00 61.55 726.73 1.79
Gneiss 94.38 26,737.32 62.86 706.38 1.72
Alluvium 179.76 21,241.24 47.42 499.16 1.55
Table 10. Radon concentrations for soils and indoors and contact face with top soil, Jangsu area
Building Soil
Contact
Rock Type 3 s )
Type Radon(Bg/m’) Radon(Bg/m’) | Ra-226(Bq/kg) | Ra-228(Bq/kg) | K-40(Bg/kg) | Uranium(mg/kg)
Granite 1 140.71 18,376.00 31.58 61.55 726.73 1.79
Gneiss 1 99.03 28,576.16 47.03 63.03 722.42 1.80
3 38.60 6,510.12 26.20 60.80 514.00 0.76
Alluvium 1 187.32 32,333.34 41.00 68.68 686.05 2.04
2 450.72 19,307.50 43.40 61.07 715.33 225
Table 11. A summary of radon concentrations for soils and indoors, Jangsu area
Num. Building(Bq/m’)
Rock Type Radon R?nge g(bq Sum
(Bg/mr) <75 >75, <200 >200
Granite <10,000 0 4 2
>10,000 2 1 0
Sum 2 5 2 9
Gneiss <10,000 3 0 0
>10,000 5 0
Sum 8 0 12
Alluvium <10,000 2 1
>10,000 4 10 7
Sum 4 12 8 24
Total 14 21 10 45
o1eg AT, gste o Azl Ett
wof AR AHE gAY A%E gel BT o el = AxETe] WA T v
= §%& ¥]i(Table 11)o)A SPFet A2 Huped 7F YAl = adt=t, ole =AF diA A @
AR 2943, FAF AYS F A Ho 2 Am AARE 1 o) 4 4, F4 AH9 EY
H= Bk ol A4 5w 5 =Y B4 54, 54 A &4 59 g Heso] e+ U
EAS s 9 Hupeke] A9 AR 54, W = YAl
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