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A Study on Indoor Radon Concentration
among Vulnerable Households in Korea
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ABSTRACT

Objectives: The purpose of this research was to examine radon exposure in terms of the relationship between
the living environment and indoor radon concentrations among vulnerable households.

Methods: Nationwide, 1,129 subjects were selected using personal questionnaires for adequately understanding
the living environment, installation of E-PERM radon gas detectors, and investigation of the structure of the
housing.

Results: The mean concentration of indoor radon for all subjects was 130.2 Bg/m® (GM=101.7), and a total of
438 subjects (38.8%) exceeded the recommended standards (148 Bg/m?) for public facilities by the Ministry of
the Environment. By location, the highest concentrations (164.3 Bg/m’, GM=124.1) were seen in North
Chungcheong Province. In the case of the Seoul/Gyeonggi Province metropolitan area, they showed 125.6 Bg/m’
(GM=105.1) and 118.9 Bg/m’ (GM=96.5), respectively. By type of housing, indoor radon concentrations in
single-family housing were higher than in row/multi-family housing (p<0.01). Although indoor radon
concentrations raised in accordance with year of construction (p<0.05), the difference between indoor radon
concentrations in underground residences was not observed to be statistically significant (p=0.633).

Conclusion: More studies are necessary in the future regarding the difference in indoor radon concentrations that
may occur due to different of types of indoor construction, building materials, and the amount of building
materials.
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Fig. 1. E-PERM, Electret voltage detector and installation.
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Where :

e A, B, G = constants for electret configuration

o [ = initial voltages of electret (V)

o F = final voltage of electret (V)

e D = exposure duration in days (days)

o CF, = A+H[Bx{(I+F)/2}]

¢ BG = [environmental gamma background
(UR/h)X constant G] (pCi/L)

o CF, = elevation correction factor of 1.00 for the
electret was used for these calculations
¥ 1 pCi/L = 37 Bg/m®
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Table 1. Status of radon vulnerable households
(Unit : N(%))

Korea Population and Number of radon

Province Hous(lznogl (()3)?nsus vulnerable households
Gangwon 557(3.2) 72(6.4)
Gyeonggi 3,831(22.1) 295(26.1)
Gyeongnam 1,151(6.6) 40(3.5)
Gyeongbuk 1,005(5.8) 79(7.0)
Gwangju 515(3.0) 11(1.0)
Daegu 868(5.0) 30(2.7)
Daejeon 532(3.1) 22(1.9)
Busan 1,243(7.2) 24(2.1)
Seoul 3,504(20.2) 284(25.2)
Ulsan 373(2.2) 12(1.1)
Incheon 918(5.3) 72(6.4)
Jeonnam 681(3.9) 49(4.3)
Jeonbuk 659(3.8) 41(3.6)
Jeju 187(1.1) 6(0.5)
Chungnam 749(4.3) 59(5.2)"
Chungbuk 558(3.2) 33(2.9)
Total 17,331(100) 1,129(100)
R} 0.962

*Statistics Korea; Population and Housing Census (2010):
Census is conducted to five-year cycle, the latest data is the
status of 2010. It is corresponds to the 18st Population
Census and 10st Housing Census.

“Including five households residing in Sejong-si

fVerified by the correlation analysis
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Table 2. Characteristics of the residential environment by

questionnaire

Parameter Subject N(%)

Male 540(48.0)
Gender

Female 585(52.0)
Age of Before 1969 409(45.7)
responder 1970~1989 444(49.7)

(n=894) Since 1990 41(4.6)
First floor 919(81.7)
Floor Semi-underground 145(12.9)

Underground” 61(5.4)

. Single-family housing’ 782(69.5)

Housing form . .
Multi* and row® housing ~ 343(30.5)
Before 1989 363(32.2)
Construction 1990~1999 379(33.7)
year 2000~2009 251(22.3)
After 2010 132(11.7)
Yes 313(27.8)

Smoker
No 812(72.2)
Existence 846(75.2)
Basement

None 279(24.8)

* Means a household living in a basement floor below
"1 ground, 1 building and 1 stand-alone residential structure
£ 3" floor below, the total floor area of less than 660m>
§ 4" floor below, the total floor area exceeding 660m>
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Table 3. Result of regional radon concentration in house by a short-term measurement

Region No. of Range; A.M.z S,D,3 GM.3 Media3n % exceedir;g
homes(N) (Bg/m’) (Bg/m’) (Bg/m’) (Bg/m’) (Bg/m’) 148 Bg/m

Gangwon 71 20.2 - 2722.9 179.8 3239 116.6 108.5 514
Gyeonggi 294 17.8 - 968.1 125.6 932 105.1 103.8 39.1
Gyeongnam 40 28.7 - 543.1 118.1 90.9 96.3 925 42.5
Gyeongbuk 79 7.6 - 627.8 129.1 1232 93.2 91.8 423
Gwangju 11 45.6 - 2244 120.2 49.3 109.8 120.6 54.5
Daegu 30 8.6 - 1449.5 182.7 256.2 117.9 102.6 433
Daejeon 22 43.8 - 489.2 148.9 102.5 123.1 118.8 50.0
Busan 24 18.4 - 1352 60.7 329 52.7 552 9.1
Seoul 282 17.1 - 1097.9 118.9 101.5 96.5 914 32.0
Sejong 5 30.2 - 155.2 78.3 414 68.6 65.3 20.0
Ulsan 12 27.6 - 155.9 85.0 41.2 73.2 87.5 333
Incheon 72 33.9 - 1379.2 161.7 184.2 123.2 113.7 43.1
Jeonnam 49 12.7 - 621.6 1194 923 98.6 91.0 30.6
Jeonbuk 41 23.8 - 425.0 132.8 98.4 102.4 1133 439
Jeju 6 39.2 - 208.2 117.1 68.7 95.5 104.3 333
Chungnam 54 15.3 - 305.5 114.1 64.8 95.5 98.2 43.4
Chungbuk 33 30.2 - 680.4 164.3 129.9 124.1 134.6 57.6
Total 1,125 7.6 - 2722.9 130.2 1383 101.7 98.9 38.8

AM.: Arithmetic Mean. GM.: Geometric Mean. S.D.: Standard Deviation.

* Except 5 households less than LLD (7 Bg/m®)

" Ratio of exceeds the recommended standards (148 Bq/m®) on public facilities of the Ministry of Environment
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Table 4. Status of exceeds the recommended standards
(148 Bg/m®) on public facilities

Region owess famiy RO Mulifamil
homes(N) _housing housing  housing

Gangwon 37 /71 27 2 8
Gyeonggi 115 / 294 82 8 25
Gyeongnam 17 / 40 15 1 1
Gyeongbuk 33 /79 31 1 1
Gwangju 6/ 11 6 - -
Daegu 13 /30 12 1 -
Daejeon 11722 9 1 1
Busan 2/24 2 - -
Seoul 91 /282 54 7 30
Sejong 1/5 1 - -
Ulsan 4/ 12 4 - -
Incheon 31/72 22 3 6
Jeonnam 15/ 49 15 - -
Jeonbuk 18 / 41 18 - -
Jeju 2/6 2 - -
Chungnam 23 / 54 23 - -
Chungbuk 19 / 33 17 - 2
Total 438 /1,125 340 24 74
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Table 5. Statistical analysis of type of a residential between radon measurement data

Classification No. of AM.” S.D. GM. Median % exceeding value
homes(N) (Bg/m®) (Bg/m®) (Bg/m®) (Bg/m®) 148 Bg/m’ P
Single-family housing 782 139.1 157.4 105.8 105.6 43.6 < 001"
Multi and row housing 343 111.4 91.1 93.0 87.3 28.5 P '
* Except 5 households less than LLD (7 Bg/m’)
"p-value was verified by t-test between single and multi/row housing group
Table 6. Result of radon concentration in a residential floor and underground existence
Status No. of AM.” S.D. GM. Median value
homes(N) (Bg/m®) (Bg/m’) (Bg/m®) (Bg/m’) p
Existence of underground existence 846 129.2 119.5 101.2 98.0 — 063"
space in housing none 279 135.0 191.9 103.2 101.2 P
o in first floor 919 134.5 148.9 103.7 102.6
Radon concentrationina ;o Geroround 145 1104 1067 89.3 8.6  p=012
residential floor .
in underground* 61 120.2 68.1 102.8 96.4

* Except 5 households less than LLD (7 Bg/m®)

"p-value was verified by t-test between the subgroups associated with the existence of underground

‘Means a household living in a basement floor below

§ p-value indicates the difference of indoor radon concentration between subgroups using one-way analysis of variance (ANOVA)

Table 7. Construction and the consequential status of radon concentration

Construction Radon concentration”
0, - +
NC) year N (Mean+SD(GM)), Bg/m’ p-value
before 1989 299 151.5+149.1(115.6)
Single-family 782 1990 ~ 1999 206 154.7+226.6(113.4) 0ol
housing (69.5) 2000 ~ 2009 168 118.9+73.3(96.9) P
o after 2010 109 106.5+98.4(83.3)
Classification
before 1989 64 100.6+68.6(85.5)
Multi and row 343 1990 ~ 1999 173 118.9+112.6(96.1) o
housing (30.5) 2000 ~ 2009 83 101.4+52.1(89.9) P
after 2010 23 120.7+69.7(103.8)
before 1989 363 142.7+139.7(109.7)
1.125 1990 ~ 1999 379 138.3+183.9(105.1)
Total i p =001
(100) 2000 ~ 2009 251 113.1£67.4(94.5)
after 2010 132 109.0+93.9(86.6)

* Except 5 households less than LLD (7 Bg/m’)
p-value indicates the difference of indoor radon concentration between subgroups using one-way analysis of variance (ANOVA)

SEvEte] 2ufol diFshe 29Ele] Al gl A d2lo] QA ESE Wy AW ZE Tt A)E
To| AROE B odix dnFe §3oN 7P = o] T AL I 4 AT wiiol] Al
S Ay 2hE FE S UERS g1 4 Sl gl F kst Aldol| 91xgt 7HEE ddeE Fd

2 AFME dEFEe] Ay ghE FE(139.1 ZALe} 3| A 7F e 7t AR Eoof & Aola} B},
By/my+ A /cAdiFel ] A 2= s=(111.4 B/ B AFoA A ghEe] A9 EXE B o 7
m)EH =4 Jesith 53] g5 4 A% dro} SHET 9 oiHggA e Ha Al B
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