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A= S dHEYTY AR T o] F /A SAUS Foho
stk Zhzkel P 7S 0133, 0869, 01342 25 o4 0.05H Tt}
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The level of radon (Bg/m®)
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= k= A= A=z A= Az
##a =kug) E1 R~ gy .= #a #3 9
(Al (Al (E-perm) (E-perm) fo-track) (o-track)

[O8 1-27] AT = AIETOAM HIST X FISTol st
HAFEMFINA LUHX| BE TFAAL =T EET (Boxplot)
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<H lI-25> {zF1e LHHX| 3780 it &t=E5Tol JISTA
THE ¥ f-test B

(291 Ba/nt)
ol e | H&LTIEY
P Y P e A P ] A
37 73 73
A g 10 39 20 82 30 121

AM+SD 240.5+2976 11222195 116.3£649  113.7+62.3 157.7+183.8 113.2+133.7

GM(GSD) 132.3(3.1) 42.5(3.6) 104.6(1.6) 100.0(1.7) 113.2(2.1) 75.9(2.5)

Median 95.2 375 108.5 98.0 106.1 86.0
Min 23.8 5.7 28.0 32.2 23.8 5.7
Max 874.5 1,066.3 366.0 350.0 874.5 1,066.3
Student #-test
P =0133 P = 0.869 P =0134
(unpaired)
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(291 Ba/nt)

;;’ A E-Perm A Alpha Trackl A Alpha Track2
= AM s AM s AM
3 GM + Range GM + Range GM + Range
2~ - = - 2~ -
, T @D g * @GSD) o # @GSD) o
ol 1613 1566 losa 1967 1720 s 1675 1082
B3 1o v 5 an * -6 (15) - -
: 52 166.9 : 27.2 2258 : 686 2426
@1 1ae 5 sy 88 1260 sy 1245 1060
B2 6 oy 705 - 5 - B (1.2) N -
: S o102 : 165 172.0 : 215 1620
, 0o loage 371 oo 194 1350 slo 1554 1050
B3 5 0y w5 NI : -5 (1.3) - -
: S om0 : 13.1 171.0 : 02 2070
011 1424 P9 2052 216 1500 19 1204 970
B4 5 5 1253 S 4y * -3 (1.1) : ”
: : 308.7 : 57.0 2780 : 148 1320
_ 68 g T3 sy 503 4430 o 403 4100
B3 (0 31 SO B - o8 (1D) * -
: : 788 : 9.1 6230 : 517 5250
58 loage 582 os 1627 1200 s 417 1330
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AYE  AYF AR AeE ARE  AYE
Al Al (E-perm) (E-perm) (a-track) (o-track)

[O8 1-28] A== = AIETU HIATH T E AEYY 53
171 8 &= EXX
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The level| of airborne radon(Bqlm3)

100

A1 AI—E A-3 AI-4 A-5 Alé AT AI-S A5 A-I1ﬁ BI—1 B-2 EI-3 E-4 EI-E B-& BI-? B-8 BI-Q B-10 E‘;I-11
[O8 m-29] A== = AEFAU HIATH = AEFY S| o
B STol e F=ETT EXT
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<E -27> T3 CSAEZI HATE CSAIEZO et
H=ETT2 JIESTH BE X /-test ik

(291 Ba/nt)

°|# gEY A& EIEY

g4 deEd  ogEd  mIEd  ogxd  ueEd
A A9F AAF AR 4G A9R

Al = 49 40 102 74 151 114

AM=+SD 138.4+239.7  94.8+64.9  114.2+625 22561446 122.0+1464 179.7£1375

GM(GSD) 53.6(3.8) 779(1.9) 100.9(1.6) 192.5(1.7) 82.2(2.5) 140.1(2.0)
Median 45.5 78.6 103.5 162.0 93.6 144.0
Min 5.7 18.2 28.0 68.0 5.7 18.2
Max 1,066.3 308.7 366.0 650.0 1,066.3 650.0

Student #-test
P = 0268 P < 0.001 P = 0.001
(unpaired)
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(29 Ba/nd)
Ad&E%4 iR H =3 AL g%

Al = 16 135 114

AM=SD 225.0+189.6 109.8+135.0 179.7£137.5

GM(GSD) 150.7(2.9) 76.5(2.4) 140.1(2.0)
Median 221.9 87.0 144.0
Min 16.7 5.7 18.2
Max 780.9 1,066.3 650.0

Student t-test |AHZY vs A | D] vs WO =H AFGAF A& vs W= AR
(unpaired) P = 0.002 P < 0.001 P = 0.242
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<E lI-30> 38 A FIIS2 {YY 2BE o= Y=

(&9] Ba/ni)

Ak g/

=7k 2t A& ZFH% P AHEA =237t Oy
W 7] o 400 400 400 400 A G A =
L7t o} 3,600 3,600 3,600 - -
A = 1,00 1,000 1,000 400 7IRI&AE A=
LI - 400 400 400 A AlE
o ~E 1] o} - - 1,000 - -
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A1 400 400 400 400 70kAE AE
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Theooo BE wE 2RO AL OfLS YTt YH A7

AXSE 7S F559 HYEsE=(MPC)E 100 pCi/LE At Uth
£ vl NRCE= h=ol didh f 237155 %= (DAC)=Z 30 pCi/LE A3t

nl= ACGIHI A= 4.0 WLM(Working Level Month) S #3432 Stk

0
He] BHE ZRIPE OB AuHelAn, FAR wel ey 497
of g 71Ee HULARAE(OSHA), FAFARAF(MSHA) 2 A%
14 #2sl, $ARET (EPA)E Luiizels] ehed] w9 zgﬂg 212 7]
U Fg :

2

[ % OSHA =% 7= ]

@ OSHAS®] Rn-222 9% Agk+4 10 CFR20 A A]
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P [RR17(lonizing Radiation Regulations 2017)
2 gl 98t 300 B/t (2F A Heh ¥& A5 1EF
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Ao & 3 gezy T2 A3 G389

£ =% 38% (5 quna w A

R T VT NE P P
HAEAD), ABFA

LM AT [=o] kst &
M7g SARMol 2ofst 2zl o
1 s2

H573=(HQ]) o] FeA At &3l & 2
1. "WIApA el At QA E= A A = 7E-H A o

J)I

$EE b AoRA v, FRAM, FAN, WE, 1 i) %s}xmzw
FAAA, GubAl, A W 5E ARBE ol (AaH WAL Fli 5

E
A AREE o9 uAE 7zl A E T3t
1912. “SE” )& B, ¢4 Fo A9F o2 EAFE $Ew (CPU)To] E W
%A}’é BHE ﬂ%s}w AR BAARY TtAd EAS B
1913. ‘e =& 2YA ol At AP T HY - A F5T - B4t - HY
233 4L F)AN ZEAVL AY F BEd F - P
HEo = b Fae AL dd.
7k, € FE7F 100 Bg/m® ©]3te] &A%




106+-.- 2t & 222k AL olye st HH AR
A Ao R AR EA, AR F9 s, M EHdA 9 AR Ed
A3ES Tt
3. "HAp gElrel ol gt WAl wEE $E7F Qe dFE e AaE U
t}.
H3H AlM & zeijzz|
H579E(AHAl 8) A7+ AR ZRAZAY 77 e ge =5 ZYZel dist
o o 7 39 FE wE Y& Z2A 87 e Fho] AAste]or Fir}
1. JA7FEAA]
7b A9 Fi
. AR S FR 8 oy A
2. WA EES WA e 717
7v 71719
U UiZdsta e SAEA dhE WA YA TR (S
349)
o dld A EA S e d€d
gk ARl 4 Ee WA
3. B k& Y%
7b BE fEY BIEA
Y. ZE FE (&4 w3
H579x2 2(2l= =& FHHQ FF) O AYFE Ze =& FYFIA Z2=2A
gA AUS =S = BF e 4 39 o= 3y HGde AR o}ﬂﬂ
AF HE =5 FYFY BFE $5EF A gdE 2270 A F F UE
Z #F3jof g,
1. AT AR A59 AAA8TE AATAL o] AF S B AL
2. AAAARAY Y BE FHRAASH 7 #
3. AU A#AgY e b YA S| &
4. 2= 54 - Frtol #sto] B4} FPo| FHE AZA #H Fof A4 - upA} S
2A 2
Q@ AdTE gE =8 Y939 =8 53 3 °dF T4 wg gE




M AFLZAL <. 107

558 771902 Sqsolor ok, O, dEsTel AAT WAt JSUE
Hol WA% Aot 149 ool 53¢ A stolok dnh

1. 100 Bg/m' 2%} 300 Bg/m' ©]3}<Q! A% 54 F7]

2. 300 Bg/m' =¥ 600 Bg/m’ 016}‘31 A$ 2d F7]

3. 600 Bg/m 23 A$ 23 F7]

o

23 x271%8¢ 238 F9dx

® AFE A1g et dE FES 2P
22Age GRHAY, Galig S olgticl 294E BAAIAY, 22

Folge WAl nhrag Agee] AEFES Ft F I2AY A%F
8 e Adol Baw ZAE solel ok

=
[e)

H4E BES3 S

H587=(BE X2 S) O AHYFE =247 2% £ Jdzx
Aol 298 A9 B BAE w2 AP A e A
3 TETL HITE A Fety FLETE sojof sl
@ A FE AP EZ S HEsIs do WA E—e] Edd oz L2 4
A7 298 o7k 9l Aol BEE, By, ANE, HoR 5O BT
2 AFsta FLs 5= stojot st
® 22AT A1Ze w AFE BETE AT A Aol wpet Zgstoiof 3t
t}.

UL B2
S|
A

=2
=
o
2
ofo
1o

588X (SYE HET 59| BI) A9FE BAYEL 2 dEC] 298 v
BERY, BEF BET & 34 A48 A7)solo} dt

M500E (S SO 2X) O AFE PAYED AT 4904 L GE w3 293
mE gl A ELS BolrAAL AT ek A APl st 2
A7k GuE WSAG $AES A SRS f3 1 UEe w7 A8 Fa

AN etolo} dt.
@ 2EAE Algel wet Fo £E A% 47 248 el FA E:
$HE HAE AME o Fuh

MSO1Z(RHMY SOl X)) AFE 2247 @
U ARG TE S Aol HE 8 PAbio)
W, AT 0 Fol B Uge SRl ek st

o |t
b
= e
B
2
X
=2,
>
o @
S, Hd




+

FrE 22

Py

1) 2E A

fud

2

Al L

ey |3}

o

=
.

L
-

o] A
) @ 2

=4

o

2

v

A
o

zk

g 7to]
=

+

1

(1) 2k 19y AP =24

B

=y

A4 A

Mo

N

T,
12,746
12,180

317
49,241
22,542
37,429

7,306
10,830
60,310

T 225

22Xt £ (201741)

1,951

327

47

2,916
3,661
2,042

328

kY- FAA R AL A
A

Ly
a

FA]

J

8

A%

Az

=
stetvl g Al =<

ST
™

gh2E 2 A

(A8 A9

)

<H II1-33> 2H=0|| =
kel

TAAR oA AA

133
2,127

I
N

my!
A
No

469
1,438,640

33
138,478

Zlo] AxE 7AANEY

e

EPS
WAL H 78 R, sk 2 A

£ 2 A

<)

=i
=

=A

I8

=]
gul

16,280
1,668,290

785
153,930

do
o

H
it

H




al

0]
PR

b

« 109
J

o
3

-
A

al

o
EX)

B
-

]

bEE A nEEs
54 AzgolA ¢

1

[e)
o

=
=

53

718}
Sal 9](2018)¢] Aol A B EA

=
T

=

%, 718k 7]

1

17

ARE(10xh] o)std -}
H

E

ol
=~

£

2}

|

Ry

o

ool
mﬂ
™

Ny
H
1)

)

A

J O

&

F-oj A

=]

2017 eyt AA A A A 24 A+

1

k)
A

ol A A A

%

1,239,989,297 m'e]ltt. ofo] thaf & AgoA FA
g BEs Al

A

7Hg stell ek=

foie

sl

= it

[1-34).

T
st

ST

A8

&

=

P
T

22}

A
T

o

[e)
=

=



110.-.. 2t =& 22} AZAFS| oYt

fjo
Ho
ro
oX
1
rf
-+

<E lI-34> =EAT HAE HIE

T & Bg/m' B 7|8} o At & o FH o X
= 1000 43(94.1) 36(70.6) 29(56.9) 12(235)
100.1-300.0 3( 5.9) 15(29.4) 19(37.3) 33(64.7)
A
300.1-600.0 - - 3( 59) 3( 5.9)
H] &
600 =3} - - - 3( 5.9)
) 51(100.0)  51(100.0)  51(100.0) 51(100.0)
Bo/m’ HAA 7] 3} i A& ot Hd X
= 100.0 0.88% 0.66% 0.53% 0.22%
A A
A(544 | 1001-3000 0.06% 0.28% 0.35% 0.61%
1047m | 300.1-600.0 - - 0.06% 0.06%
2\ =
) & 600 = 7} - - - 0.06%
H] &
) 0.94% 0.94% 0.94% 0.94%
Bqg/m'’ FH A A 71819 o A& o X
S 1000 | 4156811 3117608 951140.7 103,920.3
Apepg | 1001 3000 959801 1299003 1645404 985.780.8
AA( | 3001~ 6000 - - 95980.1 95.980.1
m?) -
600 =3} - - 95.980.1
) 4416612 4416612 4416612 441,661.2
Bg/m' A 7] 3194 At H X
= 100.0 14,717.4 11,038.0 8,.891.7 3679.3
100.1- 300.0 919.8 4599.2 5.825.6 10,1182
222}
300.1- 600.0 - - 919.8 919.8
T(8)
600 =3} - - 0.0 919.8
&) 15.637.2 15.637.2 156372 15.637.2
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100.0-299.9 Bg/m'= 200 Bg/m'e] AW FHHIEE
59.9 Bg/m'2 400 By/m'S, 600 o]’ 800 Bo/m'e &3ttt 2 =55
S 100 By/m' ol8t2 FASAS W Hagez AR A9 1319, A
oz ARH A 6539, AEPFeT A& A9 11499

18437 o2 ehEom QI AApAZE ZHad Aolgkal d5d - gtk

<E llI-35> &§=EFTo [ME HYSZE Q1T AlY2
SHQET (Cumulative risk of death from lung cancer)

Coniﬁ‘r’:ﬁon Risk of death per 1000 current Risk of death per 1,000
(By/m) smokers of 15 -24 cigarettes per day lifelong non-smokers
0 101 4.1
100 116 4.7
200 131 54
400 160 6.7

800 216 9.3
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- Fasw A S A A (x0.4%26)
o Bg/m' _ _
M & 2 Fa4  WFAS AA
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A 3001-600.0 - - - - -
2
i 600 % 3} - - - - -
A
R 1,752.3 2,846.9 12.2 0.8 13.1
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7]
4 30016000 - - - - -
2 600 %3} - - - - -
Ein %
M 1,752.3 2,.846.9 61.2 41 65.3
100.1-300.0 22196 3,606.0 775 5.2 82.7
}‘\l_
L. 3001-6000 350.4 560.4 122 199 32.1
o 600 %3} - - - - -
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4 100.1-3000 3,855.0 6.263.2 134.7 9.0 143.7
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¢ 240 45558 7,402.0 169.8 114 181.3
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AFelA frE7tsE AEriaAs A8 Aok A8 B2 45 224

of 7 & T vhwad iAol 151 g/LellA 049 g/LZ FHAste] 67.5%2] A
2!

HETE Fgahs 45 2224 g8 ghs 1SS SAd dAshe 32
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<H -37> &= TTFEE TXIAFGOl ME HIE

Bo/m 100.1-300.0 300.1-600.0 600 3}
ZHE S H) & 51,435/7 51,435/7 51,435/71
ORI s 333,333/71 333,333/71 333,333/71
= 2an) 7] 2] 2,430,000/ 7} 2,430,000/ 71 2,430,000/ 71
e 24,881/h 24,881/h 24,381/h
LRI ] 2,000/ 7 2,000/71
b Z A = 80,000/<1
AZARAAA 15,000/<]
A S 24,881/h
Q5] Z 32 20,000/1
e 4,000/71

= A gad ) o4 SYstm, AA RS 10%, 3
gt A4 ARFO) 5% SYsea Hojglth B AFNNE AYgh 2
el W 4 2AE E
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<E lI-38> &= FT+EE XAt

of WE HI§ L=

425 Ny AeRE A4 Al
Bo/m' 100.0-299.9 100.0-299.9 100.0-299.9 300.0-599.9
0.06% 0.28% 0.35% 0.06%
HA 25.980.1 129,900.3 164,540.4 25.980.1
4=(A) 259.8 1,299.0 1,645.4 259.8
gE=54(B) 53]/10d 23]/10d 23]/10d 5%]/10d
+227(C) 919.8 4,599.2 5,825.6 919.8
H] 8- (AxBx51,4359 (1)+
(1)x0.1+(1)x0.05) 76,836,175 153,672,350 194,651,643 76,836,175
FAAAT
(Ax3333339)) 86,599,913 432,999,567 548,466,118 86,599,913
5] 7] 4 5] ‘
(Ax27]%2.430.00091) 1,262,628,000 6,313,140,000 7,996,644,000 1,262,628,000
e
(CxBx24,8319)) 114,427,719 228,865,390 289,893,507 114,427,719
R ]
(CxBx304>2,000¢) 275,940,000
)% 2
(CxBx=80,000)
A% AN
(CxBx15,000)
A AR
(CxBx7YU =x1A] 7+x24,881)
9151 % i e)
(CxBX7x20,000)
=g ginh sz
(CxxBx30% %x4,000¢1)
24 1,540,491,807 7,128,677,307 9,029,655,268 1,816,431,807
Al 1,540,491,807 7,128,677,307 10,846,087,075
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<H lI-38> &= TTTEE TXIAIGOl ME HE LS(AX)

gz & A
Bg/m’ 100.0-299.9 300.0-599.9 600 ©] 4
0.61% 0.06% 0.06%
H A 285,780.8 25.980.1 25.980.1
M4 (A) 2.857.8 259.8 259.8
7= =4 (B) 23] /10 53/104 103]/10d
2R A(C) 10,1182 919.8 919.8
H] & (AxBx51,4359 (1)+
(1)%0.1+(1)0.05) 338,079,169 76,336,175 153,672,350
AR
(Ax333.3339) 952,599,047 86,599,913 86,599,913
EPHE
(Ax27]%2,430,0009)) 13,888,908,000 1,262,628,000 1,262,628,000
)
(CxBx24,881%)) 503,501,368 114,427,719 228,855,438
]
(CBx30Yx2,000%)) 275,940,000 551,880,000
EETE:
(CxBx80,000) 735,840,000
agadd 137,970,000
(CxBx15,000) 970,
AN
(CxBx7 <14 7kx24,881) 1,601,983,066
R R
(CBX720,000) 1,287,720,000
=guzlntaa
(CxxBx30< x4,0004) 1,103,760,000
27 15,683,088,085 1,816,431,807 7,150,913,767
A 24,650,433,659
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Abstract

A policy study for prevention of health disorders of radon-exposed

workers

OBJECTIVES: 1t is necessary to identify workers who have been exposed
to risk factors for radon exposure and to develop mitigation measures that
can be applied to exposed workers. This study was carried out to suggest
basic evidences to evaluate workers' radon exposure and to establish

preventive measures for health hazards based on it.

METHODS: This study classified the workplace with radon-raw materials
as the ‘intentional exposure sites’ and the workplace with natural radioactive
material as ‘unintentional exposure sites.” Radon measurements were carried
out in 21 intentional and unintentional exposure sites. To suggest the policy,
domestic and foreign laws were reviewed. In addition, based on the 600 Bq/
m set as the exposure limit, the cost-benefit analysis was conducted by
identifying the costs of the reduction measures and the health effects of the
reduction measures as benefits. The costs were divided into direct costs and

indirect costs.

RESULTS: Literature review shows that occupational health effects from
radon are focused on lung cancer. In Korea, radon is recognized as an

Important risk factor in epidemiological investigations of workers with lung
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cancer, and some occupational diseases and causal relationships have been
recognized. In the results of field measurements of 21 worksites, indoor radon
exposure levels were 822 Ba/mi (geometric mean) about all intentional
exposure sites and 140.1 Ba/ni (geometric mean) about all unintentional
exposure sites. 10-year period cost-benefit analysis was applied in this
research according to each Radon exposure levels (over 100, 300 and 600 Bq/
m) of ‘Radon management guide in the workplace by Ministry of
Employment and Labor.

The net benefits were W 3,165582,722 (via geometric mean), W
11,025,537,132  (via arithmetic mean) and W 3,068,809,345 (via maximum
level). Each of the benefit-cost ratios were 1.12 - 2.02 and therefore, every

benefit is higher than cost.

CONCLUSIONS: In the «case of intentional exposure workplaces,
measurement, evaluation and comprehensive plan preparation have already
been made, as prescribed by other ministry’s act. However, the provisions on
measurement methods, health examinations, etc. need to be supplemented by
the Occupational Safety and Health Act. In the case of unintentional
exposure, management is also necessary, and the expected benefits from such
management are also positive. Future research will need to discuss how to

monitor, who and how often.

Key words: radon, cost-benefit analysis, radon management guide
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