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ABSTRACT

Objective: This study was designed to compare construction types and seasonal radon concentrations in
dwellings in Jeollabuk-do Province in Korea.

Methods: The measurement of indoor radon concentrations in 79 dwellings using alpha-track detectors was
performed every three months (seasonally) over one year between 2015 and 2016. Also, Radon concentrations
in soil were measured in spring to investigate the correlations between the concentrations in soil and indoor air.

Results: The annual average concentration of indoor radon for dwellings was 89.7+72.1(GM: 72.4) Bg/m®, with
a range (min-max) of 17.2 to 505.4 Bg/m’. The highest indoor radon concentration was measured in winter and
the lowest was shown in summer. The geometric mean of radon concentration in winter was 1.03-2.58 times
higher than other seasons. Radon concentrations in soil were investigated at the depth of 1 m, and the
concentrations ranged from 1,780 Bg/m® to 123,264 Bg/m’. This showed low correlations with indoor radon
concentrations.

Conclusions: Considering the comparison of seasonal radon concentrations and annual radon concentrations in
this study, it is suggested that a future plan ought to be established for the management of indoor radon
concentrations in dwellings. The data obtained from this study can be provided as a basis for preparing for legal
regulations and public health protection manuals.
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Fig. 1. Analysis process in this study
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RAC: Radon Activity Concentration, Bq/m’

Expy,: Exposure value for the Rn-Channel, kBq-h/m’

T: Time of exposure in Days

CF: Calibration Factor provided by the Radosys
QC system

RnD: Track density counted for the Rn-Channel,
in mm-2

TnD: Track density counted for the Tn-Channel,
in mm-2
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Table 1. Comparison of indoor radon level in selected homes by season (Unit: Bg/m®)
Spring Summer Fall Winter Annual
NP 97 97 97 97 97
AM.? 64.6 33.6 118.5 142.1 89.7
SD 47.5 19.7 93.5 1512 72.1
GM? 522 29.7 98.0 102.1 72.4
Median 54.0 28.5 96.1 105.3 74.1
Minimum 9.0 9.0 242 212 17.2
Maximum 3452 154.5 710.4 1169.0 505.4
UN: detected site number, ?AM: Arithmetic mean, ?GM: Geometric mean
Table 2. Compare of Indoor radon concentration at home by season in district A (unit: Bg/m?)
ID N Spring Summer Fall Winter Annual
A 97 64.6 33.6 118.5 142.1 89.7
Al 12 57.3 40.8 115.8 121.6 83.9
A2 18 64.3 325 111.8 127.0 83.9
A3 17 62.4 282 90.8 108.1 72.4
A4 13 50.4 289 85.1 86.7 62.8
AS 13 71.1 36.2 163.5 2432 128.5
A6 14 90.9 39.9 158.6 195.6 121.3
A7 10 50.7 29.6 110.1 116.9 76.8
tgE Ade AUgtE % AEHEAS JFeRE (GM: 25.6 Bg/m)Ht} oF 3.08] =2 ZAo=Z U}
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Fig. 2. The distribution of radon concentration in each district by season
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Fig. 3. Comparison of radon concentration by season in each district

Table 3. Comparison of seasonal radon Geometric mean ratio in each district (unit: ratio)

Distit N W W Wi Ve Wi

A 97 0.51 0.29 0.96 1.00 0.71
Al 12 0.45 0.34 0.97 1.00 0.71
A2 18 0.48 0.26 0.95 1.00 0.69
A3 17 0.63 032 0.95 1.00 0.74
A4 13 0.56 0.37 1.07 1.00 0.76
AS 13 0.44 0.24 0.86 1.00 0.67
A6 14 0.55 0.27 0.96 1.00 0.71
A7 10 0.45 0.27 0.98 1.00 0.68

A7 7P =& ASHNGe /¥ FEE Table 5, 4. AEYE 49| 2= s Hm

6ol JepIAT. AL A g &8 /o= AqHZ A AHS A A=y MAste] 4

WAt A4A9 9] Annual/Winterd] &2 0.58~ 9 FHE FEE =Asle] Htth Table 7904 B
1.0002 Yelste™, A5X]92 Annual/Wintert] & o] AdER A9 ZE FELE ThA xpolE HJS
o] 0.43~1.132.% Yebst}. o, 2071 -ellA B HdFe 122 Bg/m’, SIEE 3
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Table 4. Indoor radon concentration at home by Annual in district A

. AM+SD Range Median GM
Site N p-value
Unit: Bg/m®
A 97 89.7+£72.1 17.2-505.4 74.1 72.4
Al 12 83.9+30.6 34.9-140.8 78.5 78.4
A2 18 83.9+£18.0 27.5-360.2 68.2 69.3
A3 17 72.4+43.1 23.1-167.2 68.4 61.0
A4 13 62.8+35.0 17.2-114.4 58.0 52.5 p=0.131
AS 13 128.5£127.5 25.7-505.4 74.6 94.0
A6 14 121.3+86.3 30.0-331.4 102.4 95.9
A7 10 76.8+£34.1 25.4-152.3 78.5 69.7
Table 5. Compare of Indoor radon concentration at home by winter in district A4
D Spring Summer Fall Winter Annual Annual/Winter
Unit: Bg/m’ Ratio
Total 50.4 28.9 85.1 86.7 62.8 0.77
1 10.9 124 242 212 17.2 0.81
2 10.3 12.7 37.1 23.6 20.9 0.89
3 15.9 17.7 425 252 253 1.00
4 16.0 18.5 372 324 26.0 0.80
5 43.9 252 64.5 64.2 49.5 0.77
6 45.9 242 81.2 69.5 552 0.79
7 43.1 224 85.9 80.6 58.0 0.72
8 62.6 30.8 102.4 98.4 73.5 0.75
9 51.5 224 89.2 99.0 65.5 0.66
10 129.5 71.6 97.6 1222 105.2 0.86
11 94.7 50.4 168.6 143.8 114.4 0.80
12 49.7 303 138.8 164.1 95.7 0.58
13 81.3 375 136.7 183.2 109.7 0.60
2 13.6 Bg/m’, 7F-E H#2 31.5 Bg/m’eE A 50,572 Bq/m’® (19,136~ 123,264 Bg/m’ )& 71 =&
<3 ¥+ 158 Bg/m®’ Bt} A4 Jepdth Ag TE HEE BT, AR Yo) 11,830 Bq/m (2,786~
7] F== 183 Bgm’eE YElth 23, & 23,600 Bg/m)Z 7H @& FEEXE BT A3
A, 7R3, AL AW/AL1/O ratio) BHEEE A 7P B west w2 %5% Sl e
FES UJERRSITE o5 Ze] 272 7P e U Holg Rtk EWks B HEwEe] dus)h A
09] Hl& ®3lon, AL 1022 v& ARG a2 Hs FFE A7 Uliﬂ Al E BH A7k
U & A8 BTk B AFIHE A BE A3 EPRs ehEFES A4 EPls dEFE
w24 A vs) d9) 27 AW 7 A shel e 10w olgelekn naEH} drkusls
& @4el gtk TR0 e FAMARIYE SIS (ICRP)E SHES

5. B F 2lE7 A s 3 XIIHA Y S Bl2Fd|m
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Table 6. Compare of Indoor radon concentration at home by winter in district A5

D Spring Summer Fall Winter Annual Annual/Winter
Unit: Bg/m’ Ratio
Total 71.1 36.2 163.5 243.2 128.5 0.70
1 19.2 18.1 41.0 24.4 25.7 1.05
2 41.2 36.3 80.9 45.0 50.8 1.13
3 67.9 212 672 55.5 52.9 0.95
4 44.1 21.8 70.0 93.0 57.2 0.62
5 524 25.0 96.1 106.8 70.1 0.66
6 85.8 52.7 129.4 114.5 95.6 0.83
7 55.1 31.7 95.9 115.7 74.6 0.64
8 75.9 51.0 106.0 115.7 87.2 0.75
9 44.8 22.7 103.2 120.5 72.8 0.60
10 143.7 28.1 146.3 375.4 173.4 0.46
11 66.7 42.1 244.7 397.1 187.6 0.47
12 165.4 40.8 234.4 429.1 217.4 0.51
13 62.6 79.6 710.4 1169.0 505.4 043
Table 7. Comparison of Indoor/outdoor ratio by seasonal e e FH EY A%k for Felrxe}
in district A ALHIE e 9P WHER BEF 5 5=
Indoor Outdoor 1/0 A SR BlaE A AlgEd o] dtkal Bzl
@97)  @20)  ratio o @R AdE T RG] SE(URa) A
Spring 712 122 >8 & A4A9Y 54.6 Ba/kg, A6X|90] 52.3 Bg/kgS 2 T}
Summer 36.7 13.6 2.7 2 A3} vz AFos =4 Yepdth A
Fall 1336 31 42 T FEeh o fold gwAe Belx et
Winter 161.1 15.8 10.2
Annual 100.7 18.3 5.5 V. 7E:| %
A BEHS Ryt BEY 5 2HErt et v 2 A7 20159 9€RE 2016 88 7FA] 1:d7E
wal 2 A e W JeR Bt Ay Aepriee] 18 A Ao 97213 e] AREEEE,

Table 8. Radioactivity concentrations in soill of selected homes

Radon gas

District N conc. in soil Ra-226 Th-232 K-40 Uranium

(Bq/m’) (Ba/kg) (Bakg) (Bakg) (mg/kg)
A 47 27,003 40.8 64.9 699.7 1.9
Al 5 39,201 47.0 82.5 8172 2.7
A2 8 15,993 382 59.1 731.5 2.0
A3 12 11,830 24.8 50.3 607.5 0.8
A4 6 50,572 54.6 71.7 770.3 1.9
A5 5 47,010 48.1 62.8 646.4 2.7
A6 5 25,961 523 79.7 751.6 34
A7 6 22,489 41.9 69.8 674.5 1.4
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