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ABSTRACT

Objective: The purpose of this study is to propose the benefits of reduction measures according to the occupational radon
reference level in order to present basic data for radon management guidelines considering domestic circumstances.

Methods: This study uses radon data measured in the subway stations from 2015 to 2016. Of the total of 4,643 cases, 4,231 cases
were analyzed excluding the 412 cases where the values were below 300 Bq/m”.

Results: Cost-Benefit analysis was done on the results of the field survey on subway work sites. At the exposure level of 400
Bg/m®, the ratio between the cost and the benefit was hlghest at 1 : 1.81(the cost was KRW 1,398,568,032, while the benefit
KRW 2,5248,772,841). At the exposure level of 600 Bq/m , the ratio of cost and benefit was 1: 1.80, at 300 Bq/m it was 1.72, at
800 Bg/m’ it was 1.71, at 200 Bg/m® it was 1.54, and at 100 Bg/m® it was 1.40.

Conclusions: Radon management in the workplace provides economic benefits and appropriate reduction strategies are needed.
In addition, it is necessary to establish and distribute radon exposure assessment procedures and guidelines for the safety and
health of employees when exceeding the exposure standard, and guidelines for radon management in the workplace should be

established.
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Table 1. Frequency and risk estimates by subway radon level concentration

Measuring position

Number of lung

; i ; Measuring cancer death
Level Estimated Estimated Estimated position/1,000 :
: Subway Drainage M=+S.D. number number of number of estimators
(Bo/m’) A Tunnel Total
Station well of workers smokers non-smokers Non- Non-
Smoker Smoker Total
Smoker Smoker
0-99.9 1,476(98.1) 1,323(84.6) 915(78.7) 3,714(87.8) 34.4+21.0 14,036.4 6,147.9 7,388.5 101 4.1 6209 323 6533
100-199.9  19( 1.3) 186(11.9) 142(12.2) 347( 8.2) 138.9£29.6 989.8 4335 556.3 116 4.7 20.3 2.6 529
200-299.9 8( 0.5) 45(2.9) 48( 4.1) 101( 2.4) 231.5+25.2 294.8  129.1 165.7 116 4.7 15.0 0.8 15.8
300-399.9 2( 0.1) 6( 04) 21( 1.8) 29( 0.7) 348.5+28.7 83.8 36.7 47.1 131 5.4 4.8 03 5.1
400-599.9 - 3(0.2) 15( 1.3)  18( 0.4) 482.0+52.8 48.7 21.3 27.4 160 6.7 34 02 3.6
600-799.9 - 1( 0.1) 17( 1.5) 18( 0.4) 695.4+63.9 48.7 21.3 27.4 160 6.7 34 02 3.6
1,439.8
<800 - - 4( 0.3) 4( 0.1) +1.132.5 10.8 4.7 6.1 216 9.3 1.0 0.1 1.1
1,505 1,564 1,162 4,231 57.5+118.1 15,513.0 698.8 36.5 7353
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Table 2. Decreased the number of lung cancer deaths due to reduction strategy by radon reference level

Decreased the

Reference Level By/m’ Position Reduction Strategy’ M=+S.D. number of lung
cancer deaths
200 0-799.9
<800 4 1,2,3,4 96.2+75.6 1.1
0-599.9
600 600-799.9 18 1,2 324.7£29.8
<800 4 1,2,3,4 96.2+75.6 4.7
0-399.9
400-599.9 18 1,2 225.1+£24.7
400 600-799.9 18 1,2 324.7+29.8
<800 4 1,2,3,4 96.2+75.6 8.3
0-299.9
300-399.9 29 1,2 162.7+13.4
300 400-599.9 18 1,2 225.1+£24.7
600-799.9 18 1,2,3 142.9+13.1
<800 4 1,2,3,4 96.2+75.6 134
0-199.9
200-299.9 101 1,2 108.1+11.8
300-399.9 29 1,2 162.7+£13.4
200 400-599.9 18 1,2,3 99.0+10.9
600-799.9 18 1,2,3 142.9+13.1
<800 4 1,2,3,4,5" 96.2+75.6 29.2
0-99.9
100-199.9 347 1,2 64.8+13.8
200-299.9 101 1,2,3 47.6+£5.2
100 300-399.9 29 1,2,3 71.6+5.9
400-599.9 18 1,234 32.2+3.5
600-799.9 18 1,2,3,4 46.444.3
<800 4 1,2,3,4,5" 96.2+75.6 82.1

1= Measurement of Radon Concentration
2= Ventilation

3= Inbound blocking

4= Wearing protector

5= Working Limit

' Working Limit on 2 point

*Working Limit on 3 point
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Table 3. Costs for measures to reduce radon and expenses for lung cancer deaths by Unit (Unit: W)
Category Details 1 person or lea Basis of calculation Total
1. Measurement Cost for measurement” 51,435 1time/1yrs/1point 51,435
2. Ventilation Ventilation facility 12,166,167 lea/lpoint 12,166,167
Direct 3. Inbound blocking Rubber cover’ 333,333 1time/1yrs/1point 333,333
4. Wearing protector Du(sggz(;?lfyl;/sl)a sk 240,000 5.491/1yrs/1point 1,296,000
Cost Education 1 Educator 100,000 Itime, lhour/lyrs 100,000
1. Electric costs in ventilation 2,097,040 lyear/1point 2,097,040
Indirect 2. Reduced productivity due to training (1hour) 21,372 S.4per/lyrs/1point 115,408
3. Eeh(ililcresjil g;;;iuctmty due to work restrictions §5.488 5/.;1}rl>resr//12r())si1};s 9.232.704
1. Medical Admission 1time 2,696,887 3.4times/1yrs 9,169,416
Direct Outpatient 1time 201,594 11times/1yrs 2,217,534
Benefit 2. Funeral 1time 12,143,275 Itimes 12,143,275
3. Survivor's pension 17,367,557 Iper/lyrs 17,367,557
Indirect 1. Productivity loss 43,684,054 lyrs 43,684,054
2. Loss of protector productivity 4,355,287 43.3days/lyrs 4,355,287

* Costs include direct and indirect costs
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Table 4. Costs and benefits of reduction strategy by radon reference levels

Cost Benefit
Level
Category 100-199.9 200-299.9  300-399.9 400-599.9 600-799.9 <800 Total Category Total
Strategy 1,2,3,4
200 Point 4 Number 1.1
Direct 107,895,400 Direct 229,452,019
Indirect 88,497,920 196,393,320 Indirect 105,686,550 335,138,569
Strategy 1,234
600 Point 4 Number 4.7
Direct 223,620,156 107,895,400 Direct 980,385,900
Indirect 377,467,200 88,497,920 797,480,676 Indirect 451,569,805 1,431,955,705
Strategy 1,2 1,2,3.4
Point 18 4 Number 83
400 Direct 223,620,156 223,620,156 107,895,400 Direct  1,731,319,780
Indirect 377,467,200 377,467,200 88,497,920 1,398,568,032 Indirect 797,453,061 2,528,772,841
Strategy 1,2 1,2 1,2,3,4
Point 29 18 4 Number 13.4
300 Direct 360,276,918 223,620,156 229,620,150 107,895,400 Direct  2,795,142,778
Indirect 608,141,600 377,467,200 377,467,200 88,497,920 2,372,983,544 Indirect 1,287,454,339  4,082,597,116
Strategy 1,2 1,2 1,2,3 1,2,3,4,5"
Point 101 29 18 4 Number 29.2
200 Direct 1,254,757,542 360,276,918 229,620,150 229,620,150 107,895,400 Direct  6,090,908,142
Indirect 2,118,010,400 608,141,600 377,467,200 377,467,200 106,963,328 5,770,219,888 Indirect 2,805,497,514  8,896,405,657
Strategy 1,2 1,2,3 1,2,3 1,2,3,4 1,2,3,4 12345
Point 347 101 29 18 4 Number 82.1
100 Direct 4,310,899,674 1,288,424,175 369,943,575 480,900,150 480,900,150 107,895,400 Direct 17,125,464,3321

Indirect 7,276,728,800 2,118,010,400 608,141,600 398,240,640 398,240,640 106,963,328 17,945,288,532 Indirect 7,888,059,792 25,013,524,124

* Working Limit on 2 point
' Working Limit on 3 point

22971 600 Bym'n|qk-g f2|517] 913 104 B|-&
2 797,480,676 0] 31, 400 Bg/m’ 1|7+ 1,398,568,032
9, 300 Bq/m’ 1|7 2,372,983,544 4], 200 Bg/m’ 0|9k
5,770,219,888<¢, 100 Bq/m* 1|72 17,945,288,532 0]
g e sk

KCDC(2017)ol A= #H o] 7%
44.5%, 213 27.8%, 39 21.7%, 4 18.8%, 59 17.2%,
109 13.7%0]|2t1 stk #HeF A & 72.2%% 23
o fol] Apgatar, 51 o= 82.8%7} APYst= Aot

800 Bg/m® u|gte] zhxZEeolo] A9 800 Bg/m’o]Af
o AR F= 43kl Hk APY A} L1vgo] FagErhal
K1 ofof gt M =H|, HAMS &A% A, B A; AT
H] 80| 2L7J rAE A, Ao g 013t AFojH|= 13
AlgEs Aoz itk E3h, -2uE) 20161 7o)
oA 82.4*1& H Aol 52491 A9 FEAT
30do] AFEY & AtolA= 10d0] AgEe= AL

g 19 AE0]
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2 AAbstgict. 800 Bg/m® v|gho 2 ehEg Frelshe
AL W2 335,138,569 0|t} 2227} 600 Bg/m®
19EE A El= 49 Ho2 1,431,955,705¢ 0]
1, 400 Bg/m’u|gh-S 2,528,772,841, 300 Bq/m’u|gt
2 4,082,597,1169, 200 Bg/m’1]9H-2 8,896,405,657,
100 Bg/m’ 1|92 25,013,524,1244 9] Holo] Hr},

7\¥7<3__|41ﬂﬂ ]:]]_Q._z:] o]oﬂ 1;].]:5]- e o]_‘_]. _lqol/H]_Q.H]
+ Table 5 g2ttt

Zk2229]7} 800 Bg/m® 1|gkQl 79 H]-8-2 196,393,320
T 0] 335,138,569 0 2 =3 0]-2 138,745,249 0]
Holm| 8| 1710t} 222271 600 Bq/m3 o|wt

d

e [
oy e &
1

& WL 634,475,029 011, Hol/m|-gu]=
1.800]m, 2F2Z9]7} 400 Bg/m® n|gkel A9 4wl
1,130,204,809¢10] 11, Hol/u]gH]= 1 .8lo]ch H2Z29
7} 300 Bg/m® m]gkel 79 s ol/u]gu]i 1.720] 11,
200 Bg/m® |72 1.54, 100 Bg/m’® ©]7ke 1.400] ]tk
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Table 5. Net benefit and benefit/cost by radon reference level (Unit: Won)
Reference Level Cost Benefit (é\]:;egf_nceg:t) Benefit/Cost

800 196,393,320 335,138,569 138,745,249 1.71

600 797,480,676 1,431,955,705 634,475,029 1.80

400 1,398,568,032 2,528,772,841 1,130,204,809 1.81

300 2,372,983,544 4,082,597,116 1,709,613,572 1.72

200 5,770,219,888 8,896,405,657 3,126,185,769 1.54

100 17,945,288,532 25,013,524,124 7,068,235,592 1.40
v.o & = dlo 1E1°ﬂ*1 349.1 Bym® A E A HAA 27| FS
59 AL 19 £ 62.9 Bgm® 2 82.0% #AEo| 3]
H ool AF A5HE gtE 24 RBE oty = A% T A2 HAstl = 4 Uk 79
Aol A etEe] Faegol whe AAY Hrhg AT 56% mhaA AR 67.5%:] AYE of T 1271
syt WS AFSSE 200 Bym' o]ahE FaE £
B o7 Ay} gk Aol a 713} Lo mo)m o A 4,6437 5 2719] 3,000 B/m® 0|4} 7|0 37}
4o 400 B/, 600 Bym'oA 181, 1.800]gic). =, A o7 Azdiae] go] Hasielnh. Skt
Ao A Q] 52 400 Bg/m® nlwto 2 928t oA AldE 7]& 4= A5 ((Jeon, & Kim, 2006;
o Ao s AQEX vgRcl Holo] 1.814] T Jeon et al., 2007; Jeon et al., 2012), X|3}47HKong, &
a0 AL ou]si). Kim, 2016), A|Z%(Chung, 2015)0A1% =& 148
Gray et al(2009)9] HTo|A= Bl= =wof djgt 1 Ba/m’ oJdte]gloLt, Jeon et al(2007)9] AtfME &
Agl 222 Hole A9 ko] A 1A AWEAZ(Quality 5 28k FA oAl 207.1 pC/LE UERo] & A+
Adjusted Life year, QALYs)d €& 4= 9l n]go] 9 75?%9} H]5=3t A3HE e Q). Bacek et al. (2006)
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