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ABSTRACT

Objectives: This study is aimed at examining radon exposure in offices and the factors that can influence the concentrations.
Methods: Indoor radon concentrations in a total of 30 places were measured from January 18 to 21, 2016, targeting six buildings
in Seoul with different completion years. The measurement was conducted according to the radon measurement guidelines for
indoor air suggested by the Ministry of Environment.

Results: As a result of comparing each average concentration, underground area concentration was 42.850+22.501 Bg/m'’, and that
of the ground floors was 27.850+12.232 Bg/m’, which was lower than the concentration in the underground areas and statistically
significant (p=0.045). As a result of comparing the concentration according to whether or not outside air entered, the average
concentration for ventilated areas was 24.876+11.833 Bg/m', and the average concentration for enclosed areas was 47.892+19.375
Ba/m'. The concentration in ventilated areas was lower at a statistically significant level (p=0.001). Finally, as a result of the
multiple regression analysis for evaluating the factors influencing radon concentration, only ventilation was significant (p=0.007).
Conclusions: As a result of measuring radon in office buildings, there was no place that exceeding the recommended standard of
the US EPA, but the concentration in poorly ventilated areas was measured to be high. An effort to manage radon concentration
and reduce it through the improvement of ventilation systems, repeated measurement is necessary in the future.
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Table 1. Characteristics of buildings

Building No location Construction years Sampling Floor Air Exchange extent(m’)
B7 x 58.43
B7 x 48.89
BS x 50.29
1 Sselfl‘ciflf):‘;‘;f; 2014 B2 0 28.69
1 x 30.46
2 x 30.46
5 x 4777
Bl 0 2023
2 Ssigiﬁzf‘;%f; 1986 1 0 34.12
5 x 39.00
Bl 0 5231
s presricll N : g
4 0 18.22
B3 x 76.00
B2 x 84.40
Bl 0 82.00
x
. Shoniony | : s
1 x 80.24
5 0 48.40
10 0 60.35
B2 x 30.03
Bl 0 38.90
5 szggﬁzr:‘;%f; 1996 1 0 37.13
2 0 34.65
3 0 35.20
B2 x 96.32
6 Sselfl‘iﬁf):‘é‘;f; 1995 1 0 30.36
7 0 29.00
3) A9 I FHd9 % Ad7dat % 32 reader=
S Av|E A7) Heofl 59 electret) o] HolA =Y =5 & 5 3 o] tH(Kotrappa
= S43%th S del= A el9(chamber) Yol 4] 2} et al., 1988).
=0 FIste] A Solo] FHVIE H At 2 249 = 9= A4 22D Bym'E
of AgsrogEn o] Wolx|A Het 54 & ZF AHgsEGlon 4bEE pCillE Bymo= whe|wigte
Aute] Hefs S4st] 2o =5 & & e 2 A A5kt
H 1 71AS EE SO EHbEo] Foit k=0l
sk oluf Aejute] EZYE= o] 24| = 3. 8AEN
H|gsto] HE o] FxEo] d Hstrt ZstsiA = EAEA FAolli= SPSS 24.0(IBM Company, USA)
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23l 53] A E-4 (multiple regression analysis)< 3}
th A2 §95ES P-value<0.052 A3t

m.Z =

LARA L BtE 5=

67e] ABAA % 3030 BHE RS ZYsgo
o AAH R AsH o] V|SHFRTE Lon g
AHEEE YeERlth &3 5= 5.000~86.500 By
m'Z2 U.S EPA A1 7|32l 148 B¢ym'E 215k At
Qolck 7P w2 B HEE 2ol 12 Building 12
45.500£17.602 Bym' ojv HA| HF =E<l 33.941
+16.326 B¢m' Xt} oF 134} =9ttt E3F Hot =7}
7P We A= Building 52 20.760+8.637 B/m'o] 31
CH(Table 2).

Table 2. Result of radon concentration in Office
(Unit, Bg/m’)

Building N° MeantS.D."  GM'(GSD) Range

1 7 45.500+17.602 42.925(1.380) 28.900~86.500
2 3 31.733+17.745 23.902(2.367) 7.100~48.200
3 4 28.175+9.959 26.475(1.425) 16.100~43.800
4 8  36.575+21.173 30.897(1.802) 12.000~77.200
5 5 20.760£8.637 17.734(1.921) 5.000~27.600
6 3 40.900+22.841 35.524(1.668) 24.400~73.200

Total 30 33.941+16.326 29.576(1.761) -

"N : Number of samples "S.D. : Standard Deviation
*GM Geometric Mean  “GSD : Geometric Standard Deviation

2. K5t Z2tel BtE =5
A5} 75 7HA] )= Building 13} 2|3135714] =
Building 4] 4$-2 #|2Jal1 gjrEe] zo] 75}
235 7HA] AT l=£4 9] 16.100~86.500 By/m' =
U.S EPAQ] H17|&E 238= 2L gigion) Ha
7129] 50%91 74 Bq/mv— 215l AL 230] 99
EP. 744 =2 1o Building 19] A8} 7202 HA
5

A U 2= s=of 25 A7 337

Table 3. Radon concentration according to underground area

(Unit, Bo/m)
Building N° MeantS.D.! GM'(GSD)* Range
1 4 49.775:21.876 45.729(1.490) 28.900~86.500
2 1 N/A N/A 48.200
3 2 21.500+5.400 20.811(1.293) 16.100~26.900
4 4 48.050+22.683 42.383(1.671) 22.000~77.200
5 2 22.100+4.200 21.697(1.212) 17,900~26,300
6 1 N/A N/A 73,200

"N : Number of samples "S.D. : Standard Deviation

*GM Geometric Mean
'N/A : Not Available

SGSD : Geometric Standard Deviation

A e 9T 3 9 AR
2 ofi WsE FigrkTable 3)

5000 ~46.600 Bq/mi US EPAS] A117]E 9
7129] 50%E Z1tsh=

TE Hol X2 1
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Table 4. Radon concentration according to ground area

(Unit, By/m)

Building

Mean+S.D.!  GM' (GSD)’ Range

1

o L A W
T N T

39.800+5.290 39.452(1.142) 33.700~46.600
23.500+16.400 16.400(2.371) 7.100~39.900
34.850+8.950 33.681(1.300) 25.900~43.800
25.100+10.898 22.524(1.615) 12.000~36.800
19.870+10.515 15.503(2.226) 5.000~27.600
24.750+0.350 24.748(1.014) 24.400~25.100

"N : Number of samples "S.D. : Standard Deviation

¥GM : Geometric Mean
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4. X|5tet XA ZZte| BlE s= Hlw 47.892+19.375 Bym'olw 713 o Lnw= Hol 2
A B ASE BAOR SRSl A2 16X, 4 G4 WAE YA Aste] sk gk o
14319] 2He F=E H|aLslgtTable 5). E717F FEs a0 Baske 24.876+11.833
Aot 7o Ae] B EE 42.850422.501 Bym,  Bym'E F7|Ho B o] 9Rele] 37 waky
R AFB7 | A o] Bt s 27.850+£12.232 Bym' o2 23 372 A AFRE o] ¢ e r= wrh
A 37 Bt st F1to) Ao =Tt v ES8kth ot F7] oo A A= flsh AR ttest
US EPAS] Wil7]Z2] 148 BymE 2ot £ A AR §95t%tkp=0.001),
siom Asket A4 Frhe] A4S Yot 7] ¢
g ttest BT BAHCRT 55t H(p=0.045). 6. HAZ Al7l0| 2 Bl ==
BHEo] 3 wAlo] Bl Aol 719 2000d5EE 7|202 oA AojH ABL 7z
EoFu} 7Pl A5l 52 X 5FEoA =9 o]Fo] oA AEL AZoz 1}i-o] zFzb 339
FE7F =4 Ued=E AL ¢ = ey OgE A3 AL %2 v|wstgcHTable 7)
of sl A& d7|Fgel F5 A EI A= 5 NE ABO] WPEEL 40.740:20.088 Bym, T
wol = vHE 7ol Stk °

AL Wil 28.960+£16.470 Bym'o|H A&
FETF AE S B FE Huh =

5. 202 2719 R0 0HE BE 5= .

95 F719) folite] WE F4E HFsto] AZAA ] ol QIR FEAfolrt e o=
g BE R FE fYEE Fh 7R AZstgoL SHRY AR AT ASAHES
HE w8 1] w5k Table 6). Abg3tol AZEe] 1 ApolE Mool ofelgol 9%

W ga ARAY S4A $ds Wk B th ASARNA EE BA e olft 274
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- 7
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Table 5. Radon concentration according to underground and ground area

(Unit, Bg/m’)
variables N Mean+S.D." GM* (GSD)* Range p-value
ground area 16 27.850+12.232 23.933(1.876) 5.000~46.600 0,045
underground area 14 42.850+22.501 37.316(1.697) 16.100~86,500

"N : Number of samples "S.D. : Standard Deviation *GM : Geometric Mean ~ ’GSD : Geometric Standard Deviation

Table 6. Radon concentration according to air exchange

(Unit, Bg/m’)
variables N’ Mean+S.D." oM (GSD)* Range p-value
non air exchange 13 47.892+19.375 44.410(1.464) 26.300~86.500 0.001
air exchange 17 24.876+11.833 21.506(1.808) 5.000~48.200

"N : Number of samples "S.D. : Standard Deviation *GM : Geometric Mean  ’GSD : Geometric Standard Deviation

Table 7. Radon concentration according to construction years

(Unit, Bg/m’)
variables N’ Mean+S.D." GM* (GSD)* Range p-value
before 15 28.960+16.470 24.070(1.941) 5.000~73.200 0.100
after 15 40.740+20.088 36.021(1.665) 12.000~86.500

"N : Number of samples "S.D. : Standard Deviation *GM : Geometric Mean  ’GSD : Geometric Standard Deviation
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Table 8. Affecting factor of radon concentration

AIRA U 2tE s=o #st o7 339

Independent Variable B B t P VIP
Location 9.686 0.251 1.604 0.121 1.073

air exchange 19.904 0.511 2,914 0.007 1.354
Construction years 1.200 0.031 0.182 0.857 1.285

n-30; B; parameter estimate, VIP; variance inflation factor, p; p-value by Multiple regression analysis, Statistically significant at p<0.05
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