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Abstract: The indoor radon concentration was measured in the lecture room of the university and the radon con-
centration was converted to the amount related to the radon exposure using the dose conversion convention and
compared with the reference levels for the radon concentration control. The effect of indoor radon inhalation was
evaluated by estimating the life effective dose and the risk of exposure. To measure the radon concentration, mea-
surements were made with a radon meter and a dedicated analysis Capture Ver. 5.5 program in a university lecture
room from January to February 2018. The radon concentration measurement was carried out for 5 consecutive hours
for 24 hours after keeping the airtight condition for 12 hours before the measurement. Radon exposure risk was cal-
culated using the radon dose and dose conversion factor. Indoor radon concentration, radon exposure risk, and annual
effective dose were found within the 95% confidence interval as the minimum and maximum boundary ranges. The
radon concentration in the lecture room was 43.1-79.1 Bg/m®, and the maximum boundary range within the 95% con-
fidence interval was 77.7 Bg/m®. The annual effective dose was estimated to be 0.20-0.36 mSv/y (mean 0.28 mSv/
y). The life-time effective dose was estimated to be 0.66-1.18 mSv (mean 0.93 = 0.08 mSv). Life effective doses were
estimated to be 0.88-0.99 mSv and radon exposure risk was estimated to be 12.4 out of 10.9 per 100,000. Radon con-
centration was measured, dose effective dose was evaluated using dose conversion convention, and degree of health
hazard by indoor radon exposure was evaluated by predicting radon exposure risk using nominal hazard coefficient.
It was concluded that indoor living environment could be applied to other specific exposure situations.
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100 cm oj2l 5 24 APIH SHES SR, 273
7170 Bkl 7] Aol YAE Bk epghek

12 ¥ A7eld wetEhE(unit radon
concentration)E ©¢gt=u]Z (unit exposure)d} ATE
FoE B Y3 PAASES Rz, o] gEL
ICRP Pub. No. 115 B i1Aof 93] AA|=]QicH6]. eh=s
57} Zrjel 2014 24417 B9k ST FJA B
Z Crolet T o ©¢eh=s=(unit radon concentration.
Crowni= Her A(DL2 g 5= deh[21].

Crounl Bq-hr/m’] = Cy(Bg/m")x T [ hr] A (@)

q71A T & Ao =S AA7H(lifetime of indoor
radon inhalation)o|t}. E A3LoA T, 73o]AloA &}
£S BT 4 Y Ao 4G AL ofulsi 2 B
= 160 sHjC.& kal Fx(week) & 204171, B17] 155, ¢
2 2817], 4de] sk TpgoR st Aol WL 7}
A o Aol g= Y AKT)S F 2,400 AZFe g2 5f

32
o

] =T (Cry i) S S5 ATE Fo= S
st7] fste] 1 ghEwk 2HbA|g(exposure and
radon gas concentration)’} ©]-&%At}[21]. o714 ojH
E4 9F e AREl] flste] mdE oA w34
£]7) ¥l (working level month. WLM) ©¢|S AFRS 4=
rh22]. 17 @l (working level. WLYS 1L (liter)e] &
7] % 13X 10°MeVe] Al ot oA S WEshe wa
g 2hE A5 w2 3,700 Bg/m® (100 pCi/L) %
£ oulshy =2 7 AM(WLM)ye: 1WL 529 3715
17047 59t SFWS uf 4 WEHFon Fojsic2e-
24]. whebs] IWLME the 2202 78 5 9lov] s

)Z g SR SHAAS(WIM/Bg hrm 9= 4)(3)
o AMESE 4 rh22-24].

WLM=WLx 170[hr]=3,700[ Bg/m’]x 170[ hr]

=6.29x10°[Bq-hr/m’] Al (2)
M _ ¢ 29x10° A (3)
Bq-hr/m

ESZE Fol A (3)¢] BAAE Felshd A= A
kol ofet wS=H(WLMR,) & ehrd < lot[22].

1. SAGAIR S A LS| ACRP)7} B she eilbrla=o] 8of
Table 1. Summary of conversion coefficients recommended
by International Commission on Radiological Protection
(ICRP)

.. . Recommended

Quantities Units Value®
Nominal detriment
coefficient unit Radon (Bq-hr/m?)?! 8x 10710
concentration unit WLM! 5x 10
exposure
Exposure a}ndbRadon gas WLM per .
concentration (Bq-hr/m®) 6.29 X 10
(equilibrium factor: 0.4) !
Dose conversion WLM 4
convention per mSv
Action level (reference
level) unit Radon Bq-hr/m? 300
concentration annual mSv 10
effective dose
Public annual limit on WLM/yr 9.5 % 10!

exposure

WLM: working level month.

2Assuming 7000 hours per year indoors or and an
equilibrium factor of 0.4.

PRisk were considered both fatal cancers and non-fatal
cancer, and genetic effects.

Bq-hr/m’

WLM;,= CRUmnX WILM

4 (4

weta Zelao] 2HEo ofa) BEE e ) eHEe] ojg
v Zaf} QESe| A WAS ol gelo] BENE 9T
(radon exposure risk. Riskg,)S 2(5)2 At&3dl3 o &}
£l ofgh W ET MFPAASE ol 5}o] Aol fEA
(lifetime effective dose. Dg,)2 A1(6)2. 2 A3} T 22-
24].

Risky,= WLM,,x5x10"*WLM"

i)

®)

D= WLM;,x4mSv.WLM" 2] (6)
4. H|0|E{ &4
=45 dlo|gl= SPSS (Ver. 21.0, IBM Co., Armonk,
NY, USA)S o|-&sto] A8t 71&2] $A%S 7|5t
9 4t (geometric GM)x} At&%HF(arithmetic
mean. AM), FEZHZHSD), ZHHE(Cromad?t 227k
(Cromin) AFole] W15 AFESIGTh A4 ghes®
(Crn), BNFEAF(Drg,), 2H=2EH = (Riskg,)oll et
< #E 9] (percentile) B ARE Q] (quartiley=
8510] AH39TH24]. SYTh(median value, Q)& &
Howm BEEEs] 50%7F UFH WS Sfulal AR

mean.
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F Wl i Hel=A A(T), (8)F AFESHSIT

Minimum boundary = Q;- 1.5 X IQR Al (T)
Maximum boundary = @s;+ 1.5 X IQR Al (8)
mza =
1. 22 2lEsE Y AZiREME
A BHEsErt il oA 24A17F FoF d4F o
2 53] ZAe o)A eHes e 24 43.1 Bg/mPo A

tf 79.1 Ba/m® 7H4] 1ol A] 7|81 60.24 Ba/m®, Ak
BHi 61.16 £ 6.37 Bg/m® & SAHEJAH(E 2).
Adizhe SA423= Avizkee] B = &9 300 Ba/
m?e} Hlawste] 20.1% o A7 Y E9lEot
o R pEoldlen tgolgAlde digt ehewe B
2] 7]%& 148 Bg/m®3} HlaLof| A =[5] oF 41.6% = 2H=o|

(@  (Bgim?) (pCilL) (b)

m 300 Bg/m*

Reference level

Indoor Radon concentration
@
8

U Cy, > 74 Bgm? (2 pCilL)

Range of G, in this study was.

determined from 43 to 79 Bg/m*
Annual effective dose (mSvly)
Annual dose limit:

{ ImSvly

Average natural

|

= B AY e s ()9 A7 FEAE (b)Q] vl At
Fig. 1. Comparison results of the recommended indoor
radon concentration levels (a) and the recommended annual
effective doses (b).
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27} 2= Qet. 3k 7oAl glElewr] Zojol o)A
A7 6004179 Sht A4 B AtES FARS 1 of
S5 ANFEATFS H4 0.20 mSviyoA o 0.36
mSv/ye] WHlolA HH 0.28 mSv/yE B7}E lth(Table
2). o]zt A= AetEn o) o5t Ak Hx z;q A}
3 2 10 mSv/ya}t H|mwato] 2.8% 2232019 Om] )
YA mE e 2.4 mSvly L om}ou o7}
1 mSv/ye} vjwste] 212 11.7%, 28% =02 H7IES
tHE 1b).

2 MIREMT L AENE S oI5

7&% EO%EE}. T & 20A|2t, 3] 155, Azt 2817,
4 9] st j_r]rx%ogzis 3 Z

= 2 7H8 AIRE Eet 7oA 2hE &4l
A 24 0.66 mSVOﬂH 2| 1.18 mSv HeJollA FHt
0.93 + 0.08 mSv& ==t 2H=1Z 9J3 == 100,000

g T 24 8.70A 15579 W elollA Bt 11.7+ 1.0
X4E7P =g o] 7|Q1E o] ¢fo] ¥E 4= QS AL r o
SEATHE 3).
a7 2= oA BEaEo] 95% Al=EE WiollA] Aol
A A 2= RlEE St 2495 Hojedh A9
_l"—E_J }ZH(Qs: 60.8 Bg/m?)S FA402 50%7}f
AHESIS HSI(IQR: 56.7 ~ 65.1 Ba/m*) ol Al =}
t}Oﬂ O3t Aol a AT 0.88 mSvol A 0.99 mSv
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Table 2. Results for indoor radon concentrations and annual effective doses by measured the same lecture room for 24 hours

Indoor radon concentration

Measurement (Bq/m?) Annual effective dose
number (mSvlyr)®
GM AM SD Range?

15t 62.10 62.35 5.64 46.2~77.3 0.21~0.36

gnd 61.22 61.68 7.58 44.9~79.1 0.21~0.36

3 60.81 61.13 6.21 43.1~74.9 0.20~0.35

4th 60.26 60.59 6.43 46.9~75.7 0.22~0.35

5th 59.77 60.04 5.67 45.5~73.9 0.21~0.34
Total 60.24 61.16 6.37 43.1~79.1 0.20~0.36

GM: geometric mean, AM: arithmetic mean, SD: standard deviation.
2The difference between the maximum and the minimum values in indoor radon concentration.
PLife time of indoor Radon inhalation (7)) were calculated as 600 hours. Also, radiation weight factor (W5 = 20) for the alpha

rays and tissue weight factor (Wr= 0.12) were considered.
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Table 3. Predicted results for the lifetime effective dose and
radon exposure risk by inhalation of indoor radon
concentration during the university’s schooling schedule of
four years

Lifetime .
. Radon exposure risk
Items effective dse (100,000 person-)
(mSV)a ’ p
Mean = SD 0.93 +0.08 11.7 £ 1.0
Range® 0.66~1.18 8.7~15.5

#Lifetime of indoor radon inhalation (7}) were calculated as
2400 hours.

"The difference between the maximum and the minimum
values in indoor radon concentration.
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Fig. 2. Predicted results for the lifetime effective dose and

radon exposure risk according to the overall probability
random distribution of indoor radon concentration.
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