BBRESELEBRER
Kor J. Env. Hlth. Soc.
Vol.16, No, 1, 1~17, 1990

vt —if (N e RHEC 33
M R
: B

HEARR BHAR B 3 ERWERHEH

Dt

Indoor Radon Levels in Four Different Areas in Korea
Yoon Shin Kim

Institute of Environmental and Industrial Medicine,
College of Medicine, Hanyang University

Abstract

Indoor radon concentrations were measured using Track-Etch detectors in four (Seoul, Songtan,
Dogo, Kunsan) different geological areas in Korea during December 1988 — April 1989. Measure-
ments involving 75 homes were made in different rooms of each home. The mean concentrations
of indoor radon in the homes by area varied from 2.70 — 3.22 pCi/1.

Indoor radon concentrations in rural areas were higher than the corresponding levels in urban
areas. The mean radon concentrations in the basements were about 1.3 times higher than those
levels measured in the first floor. The mean radon concentrations in the kitchen and bedroom
were and 2.86 pCi/z 2.43 pCi/;, respectively, while the living room radon concentrations were
2.61 pCi/; . Energy-efficient homes have a living room level that is on the average 1.4 times higher
than normally insulated conventional homes. Approximately 13% of the study homes exceeded
4 pCi/! of radon levels of the U.S. EPA’s recommended limit. From these results, radon levels in the

homes seemed to correlate strongly with house location relative to geologic formation.
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Table 1. Average radon concentrations (pCi//) in Korean homes by area
Area Number of homes Mean S.D. Range

Seoul 20 2.72 0. 96 0. 60 — 4.50
Songtan 19 3.22 1. 62 1.40 — 8. 90
Dogo 17 3.16 1. 67 1.60 — 7.10
Kunsan 19 2.70 1.01 1.40 — 5.10
Total 75 2. 94 1. 33 0. 60 — 8.90
S.D.: Standard deviation

Table 2. Average radon concentrations (pCi//) in the basement and first floor(living
room)
Area Number of Basement (a) First floor (b) Ratio
homes Mean S.D, Mean S.D. =(a) /(b)
Seoul 8 3.40 0. 74 2.72 0. 94 1.3
Songtan 6 4,23 2.52 2. 81 1.79 1.5
Dogo 4 4. 03 2. 61 2.79 1. 67 1.4
Kunsan 5 2. 84 1. 11 2. 65 1.02 1.1
Total 23 3.58 1.78 2.74 1.38 1.3

S.D. : Standard deviation



Ixo of L5u) =4 veltoh gl 13
74 2 Aslde] AAFr e 23, AL, T
AR Gel M5 JERY dAFH o2 ZA
4 Fee] Aty BE Havsse 15 A
Artt ok 138 A% EA eyt ook
2 A uFe FEA ol A9 T}
Ao A 719 z AVt Aol |3t A EHAE
o dEXTE 2 "o AgsEHY 15 A
A el ztoli= w2 Hel £3tm glrh

Table 3 & ZAFNA TS oS 25
A ke FUE oz 139 AM, 34,
oo A ziz}t gtEe| HasEE dekd Aol
th Table o4t B& niel o] Hadoxe] 2
E #HT =5+ 2.86pCi/l, 92 2.43pCi
NE2 AQL 2.61pCi/i2 HAAAe] Ht
ZE Tt M2 wuvh Ao JF 2EF

X Table 24 vehd ASHAE Z2&E F
Blol 13 Ade HaFerc %t WA
Eh} A & 2tE FEds- g st gle
Frrt 1 Fo2 WEHo 4 JWEvn gl
=& AlAbsta Qi oh

EF AN FHE A T DdIA
E AL R3te AlE % T AR ER] e F
oz o] 13F Adore] gtEe] Has

£ vlw sl Table 404 HEx uie} 2
o] ddAE Arg3tn Al F718 "YHAI=
Fdolgta 7HE g FYoM = dIANE AR
2 ¢ka AW -E7) 7t H GUIEES 3 YR
o 2E w2t 74 A9 2T 54 vEgh
A Ao 2= Energy—efficient 58] Non
—energy—efficient FHEY 1 & A4 g
= 55712k 148 A el ol A

Table 3. Average radon concentration (pCi//) by type of room in the first floor
Area Number of Bedroom(c) Kitchen (d) Living room(e) Ratio
homes Mean S.D. Mean S.D, Mean S.D. =(b) /(e)

Seoul 12 2. 66 0. 72 2.16 0. 95 2.7 0. 54 1.0
Songtan 13 2. 88 0.79 1.70 0. 61 2. 69 1. 38 1.0
Dogo 13 2.95 1. 45 2.01 0.75 2.63 1. 26 1.1
Kunsan 14 2.178 1. 06 2.90 1.15 2. 37 0. 81 1.1
Total 52 2. 86 1. 08 2. 43 1. 04 2. 61 1.25 1.0

S. D, : Standard deviation

Table 4. Average radon concentrations (pCi//) in the living room by type of homes
Energy —efficient Non — Energy - efficient
Area Number of Number of

homes Mean S. homes Mean S.D.
Seoul 7 3.31 1.78 g 2. 31 0. 67
Songtan 8 3.89 1. 67 10 2.15 1. 03
Dogo 6 3. 86 1. 86 10 2.39 0. 85
Kunsan 6 2.97 0. 94 11 1.55 0. 62
Total 27 3.01 1, 68 40 2.10 0. 79

S. D, : Standard deviation



Table 5. Average ,radon concentrations (pCi//) in the living room by presence of smo-
kers and use of ventilating fan in kitchen
Smokers Ventilating fan
Present (n= 34) Not present (n= 34) Use (n= 24) Not use (n=46)

Mean 2.87 2.72 2.83 2.90

S.D. 2.06 1. 06 0.81 1.44

Range 0. 60 — 8. 90 1.40 ~ 5.70 1.40 — 4. 50 0. 60 — 8. 90
S.D,: Standard deviation
e dEAE AT FeddXe AETRY
9% Frle) YFE T AW I ARz
s devdn g GEA ALE Feo
M EL HEFTE =gdE AL AvEL o
a1k 5

Table 5& 99 §A2 f7s pe g &
712HE FFE AW HEFEE Ve ZE o)
th Table oM R& whshgrol bW AR |
7F e 7H e A4de] wxrt 2.87pCi/l &
FAA7 s 7R e AL 72pCi/D) Bt oF ! 1 - L
2 Eou folde gt Aoz verd. & Seoul  Songten  Dogo  Kunsan
g S7)dS AHgEtA 2 7HE(2.90 pCi/idel Fig, 2. Percent distribution of indoor radon

At g8 7 (2.83pCi/NEY B BdF
=7F 2zt Etout fol e 9lA JERR
ojate] A AM 15 A4 &E FdFe
E nZaAAN G e v ud A
12xjel 4pCi/iol 71538ty @ Fig. 214
Hientel o] Al FHF A 8olAe 5
%7t, EelME=16%, =i 18%, o
Al M E 14%7) 71X 8 29stn Aoz
Eluich et o] Abe v F FHoA A&
2 z7} vlgol 5%2 Jebdd vl st <F2
vj ol e Ao g et ol 3t Al &4
ol AWF S xA7E 83 AT ool &
€9 AW FErt =& olfe Al Aol

AFFEY, AW B71E, AN Sl
Adste o FYw

levels in homes exceeding the U, S,
EPA’s guideline limit (4 pCi/l)

vl el M @7t 13 9 o) s GALEALE oF
5,000~ 20,000 Hol 718 & Fxo =
29 dgo g Ald Zoz FA 3 dth
el B AFEANnE EdeE 5 5 0%
13%7} vl=9] 2tE 7N1EX & 2%#3ka 9l
Satel AP oF 610 (1985 d AT
A 2A el Hedell F28 dulAd e 2%
& F3ld FA S 7hgel olstky 19873 92
vial gkt 3,578 %5 oF 3.8%~15.4
%9 siFEl & 128~ 551 o] $ehvel 9
oA HEE gEd ZaHel 1 gFor A}
2wy Aolgt Y ¢ Ut ol FA=

=



o)Zel #AXE Selvelel 48a Zol L3}
st Alulghee] oja slgiainrel 419 &2
Ehtedl 2 o9 7} gltin Alsg

ol 4ol Aol etk Ao AujeE

sEel e AN 2 WA E AYe
fAstel e el Fudelx el ahes Soll
@24 2 AHzAE 47140l el

Al SRR Ay FEd ey
o] WS g ety o Hsle # 4st 5
ofof g,

v. 2 =

\_/

FEivat 47 AAAE, 8, T3, T4
o &Ad dwpel 75 71 E ld o2 198

W12 98E 19899 4974 SHEFSEE &
ol A2 A2 27 Zrh

1. durzdld] glesse A Jaex7t
2.94pCi/iol3, AL 2.72pCi/l, T4 2.70
pCi/l, &% 3.22pCi/l, =3 3.16pCi/l &
ey Eaxge A&y 4R BTt of
1284 A vepsko

2. 2AHA FEls el At At
T 3.58pCi/i 2 1% AAe 5% 2.74pCi
/BT o 1.38) A4 el

3. AUl FElo] SAAAEZ BEse
2 By 34 286pCi/i, 9 2.43pCi/l, 7
4 3.68pCi/l 2 tEMTH

4. ZAHAY FEF Qg A 7
o] A #tE FEE 3.01pCi/i 2 g EA
& AEEAl e FHY w5 210HG o
148 = 3kch

5. FEY HAe glEFsEe F92 #F
o BIALE RO ¥ {3 2] E HolA]
-‘2}5}

. BEY AMdEZeA

(4 pcl/l)é Zupshe Bl 8

0

&0

n S8R A 7
o] Z/\}-EH O¥_7]:_EH

=1

2

N

of

ME&e 5%, $% 16%, =3 18%, T4
14 %= 242} Jepsiet

olidel AFelA AUl rEe AN E7E,
AR EX | X HEE EA, HETFze] BA,
A& HAd wet dFs Be
Atgslo] Syt Ax FeE gEvE &
el wg 2AE Bop gohFel, S
A 714 o7 o) FolH xqH 544
Az gdel sk & G717} ol Fo{#of sl
23

Pl

3
o
ot

1. Spengler, JD., Doctery, DW.: Personal
Exposure to Respirable particulates and
Sulfates, J. Air Pollut. Control Assoc.
31, 153-159, 1981.

2. Out, WR.: Models of Human Exposure
to Air Poll. Technical Report No. 32,
Study of Statistics, stanford Univ. 1982.

3. National Ressearch Counil: Indoor Pollut
ants. National Academy of Sociences,
washington D.C. 1981.

4. Garder, JB: Indoor Air At Issue, Archi-
tectural Technology, 1986.

5. ASHRAE: ASHRAE Position Paper to
Guide IAQ Effort, ASHRAE Journal, 1987.

6. Hopke, PK: Radon and Its Decay Pro-
ducts, ACS Symposium Series 331, 572
-586.

7. APCA: Indoor RAdon, Air Pollution Con-
tro] Association, Pittsburgh, PA, 1986.

M gAl dHFe Ay 3] o
Foll B 2ARA T, BAAS =7 9,
61 ~66, 1988.

9. Oswald, RA, ALter, HW, and Gingrich,

JE: Indoor radon measurements with

8. 754l :



10.

11.

Track Etch Detectors, Presented at the
27th Annual Meeting of the Health Phy-
sics. Society, Las Vegas, June 27-July 1,
1982.

Alter, HW and Fleischer, RL: Passive inte-
gration radon monitor for environmental
monitoring. Health Physics, 40, 693-702 ,
1981.

AR

PR EA] ARA A Mol A et

12.

13.

Fxol #F xA, ARBHE A3 A,
15, 11-18, 1989.

Fleischer, RL and Turner, LG: Indoor
radon measurelments in the New York
Capital District. Health Physics, 46, 999-
1011, 1984,

Crameri, R et al.: Indoor Rn levels in dif-
ferent geological arease in Switzeland,
Health Physics, 57, 29-33, 1989.



