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Characteristics of Internal and External Exposure of Radon and
Thoron in Process Handling Monazite

Eun Kyo Chung’
Occupational Safety and Health Research Institute, KOSHA

ABSTRACT

Objectives: The purpose of this study was to evaluate airborne radon and thoron levels and estimate the
effective doses of workers who made household goods and mattresses using monazite.

Methods: Airborne radon and thoron concentrations were measured using continuous monitors (Rad7,
Durridge Company Inc., USA). Radon and thoron concentrations in the air were converted to radon doses
using the dose conversion factor recommended by the Nuclear Safety and Security Commission in Korea.
External exposure to gamma rays was measured at the chest height of a worker from the source using
real-time radiation instruments, a survey meter (RadiagemTM 2000, Canberra Industries, Inc., USA), and an
ion chamber (OD-01 Hx, STEP Co., Germany).

Results: When using monazite, the average concentration range of radon was 13.1-97.8 Bg/m® and thoron
was 210.1-841.4 Bg/m*. When monazite was not used, the average concentration range of radon was
2.6-10.8 Bg/m* and the maximum was 1.7-66.2 Bg/m*. Since monazite has a higher content of thorium than
uranium, the effects of thoron should be considered. The effective doses of radon and thoron as calculated by
the dose conversion factor based on ICRP 115 were 0.26 mSv/yr and 0.76 mSv/yr, respectively, at their
maximum values. The external radiation dose rate was 6.7 uSv/hr at chest height and the effective dose was
4.3 mSv/yr at the maximum.

Conclusions: Regardless of the use of monazite, the total annual effective doses due to internal and external

exposure were 0.03-4.42 mSv/yr. Exposures to levels higher than this value are indicated if dose conversion
factors based on the recently published ICRP 137 are applied.

Key words: dose conversion factor, effective dose, internal and external exposure, monazite, radon and thoron
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Z1 AF3E 7oA AEL Hdol 28 S5 3%
I 7Pgstd k=] Qg He] /19848 1 By/m'd 3
~6x107°(3~6H/109g)e2 F4star Qlct. whek
1,000 By/m'e] 5k 2HEg 7HA= 7HolA Asgt
o 7HAS o 3~6x107%3~6 %2 HLY o
A< 7Y I8|3 AEA 2= AT EdEECt
100 By/m'(2.7 pCi/L) o3 wl AT AS drst
I QIEHWHO, 2009).

g2 A9 tiFRo] TFA I HIEEHEE =
AAZAE Ao H3i7t A9 gloyt By ARl
28pox} 2ipol M7 o7 fHEo] glon olE I
2 AA FHHoZ EE= EXo| HalEo] 7HEA
o7 350 95 F&LHCE SYHI HEo JE o]
40 E o= WA 4 Stk &5 g g
BYAREE EXlo] RAEAY BAEA] ok FHIE
QIZ+e] 2571 A4S WSt A=A oA AR 9l
tHChung et al., 2014).

u]= 2741 S % (Environmental Protection Agency,
EPA)Z 20039 1]=Q19] 2= 4 2h= SR 9
T H{ APGR= AZE oF 21,000 FZolH oA
71 2Fof et AFGAE Hot 10H] ol w2 25
270] oJgt AFEA(17,4008)EL} o &3 HA o
UAFGAS] 10%7F de =kl sl ol& HE
gog gkEof gt diA = 148 By/m'(4 pCi/LE
ARkt Ut o] FollA YAEeL HEFE S HAL
2 AE 8k80] 9F 1~2%2 4313l ATHEPA, 2003).

T8 5RoA= 20189 3 A= H SAGARTY
S 9Y3l(International Commission on Radiological
Protection, ICRP)O|A] Hilsl= 22 52 3L
slo] o] ojg BHES] wEVEoR AT B
600 By/mE AASIATHMOoEL, 2018). 13y XAk
O|EQ} -2 HAMMIEdS ety ¢ EwolA 2
=08 JIE= A F8 AU gt ¢ HepA
Bt ofue}t Arpde &gttt J18EE g 9 23
ol g WRHE Bt ofye} o] ot o) F 1
F Jgstojof it

2 A9 B3 = U dREdR] HUAIE
£ ARESto] o mMEZA #t ol BEEE 5
AEES AR AR 549 Bl =E3AHE
ofetal ZEATE H7t FOoEH FE A AdHE
222 9 2= B A Ao Bag 7RARS

B=)
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1. AR

AT AL DA Bl ES Mg IA
G U AYY 3ALG BA mgolES
Agstel S PABGOL AT AGIAA G
e 0O BHYA 5 3/H4S Yo Sgch
z BuolES WAAS Tl 4aYne] 2,
Az, mAse] ANPRE Az B4 1ALEY
A 2%), BAo|ES AF 2 EF, Y 2 St
A5} A AAINE Aok 4 IALEY
A 1), 1213 Bure| 25 Abgale] 1Y) BN A
AMAES AXSRE B RLEAA 39 Bk
olEZ Suieltiet B, 9, 7Hgste] ATk At
e A RAEYA 9%), TYE 2GS e, o)
4, 93, B L 2YShel EYAS WEL B4 |
ALEGA 119), 12l Bl ES HE St &
3, 49 L Axsto] AL ARTE A IALEY
A} 2%)019iet.

g SH2 MRleE SFH|IE /s Aol ¢l
o] A|9LE FY7|E ARHH o E ARSIt HUAIE
=7t ARRERE ZF 340 A S4HE =8 A
A = 357 X0l 7HEA vix|ste] 7] 5 2=
4 EEFLE SHdt. S8He g=5747]
(Rad7, Durridge Company Inc., USA)E AR&-5}3it}.
oA AHER FAof 95t dupix}; HEwE F47|
£ ol-&3t AYHHAl o g EHgict ARt o A
gt ARt e) Hlwsh] Qe el eEd)S g
MeFo g Shibsto] FFA o R Brlsiyit. Agitest
QR MG WHRuZAFS A5t Ao R, Q1A
Si7F okl Azl WAL o St g wRikeh HAY
A9] W EF AEtee WAMIAASARALY] 49 59 Bt
FEATEOZ 20 mSvolal RIS ¢ 1 mSvoltt.
371 5 t= € EE F5o| g A7t nE&AF gk
=3t 2 9oEke] vlEel BPAHF)= =2 4
£ 04, EE 0.04, AFAA 1.0, AFg4iHA = ICRP
1150 2% ot A EA 2H= 20.4%10° mSv/
(Brh'm™), EZ 120x10° mS/(Bq-h'-m?)E A-83H3

Ir
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THICRP115, 2010). ICRPE 20184 2h=2] A#gghit
AeE o A ZSRIATHICRP137, 2018). 183l &
3] & HZ7]|(e-track, Rn-tech Co., Korea) & A<
2YEE47](Radon Sentinel 1030, Sun Nuclear,
USAZ &73% A== B7HET el WrgstA] 2ol S5
ZAxto] ofgt A= 9 HiEsE APgof E-85H3lt
2) JRIE &Y

b ofgt 7iRIeEE S5k Aol 3
A& A (Thermoluminescence Dosimeter, TLD)Y
FUAAEA 53 T2 NJAAFHAE AREsto] 371E &
F FANEFE S5k st @7 IXHol S84
Qo] Frlsfjofst= AgololA AG5H WHS Aest
Aot HUAR|E= $ihg 9 EROA 2El=E 5
E= oA ArkdE BEste g WA Fubd g
< 37|98l A54] SHHIE Nal(T)AgaEHAd
SX-2R Z2u7l ARE WA £37|(Radiagem™
2000, Canberra Industries, Inc., USA)?} 8- X15F
A0 AHE()ZE E¥E+= A8 Hion chamber)
HkAlo] =47](0OD-01 Hx, STEP Co., Germany)=
HeY ARSIt HUAO|ES YR E AMESH= 7 &
Aol Hisf SHFHE BAEE] B 78 WAgEe=E
FE 10 am AP Tz 750l 2 Ee 3
AAFES SY5HoIH
3) & RN ME

ARl H=IY YEEAR HUR|E= SEhs
4 EFoA o7 GAE AA g= 4 EECE 53
= oA dut 9 oHeRd B opdet AuidE
HESIE R QRO Fof ottt faMdsy Y ujEo 2
St FERARS Aot ohaat Zo] Hrsfjof gt

#sto] theat ol &

& wedTe

T O+

ral
ﬂ.l.?_‘ﬁ
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Ei = 2 [E(inhalation-dust) + E(inhalation-radon)
+ E(inhalation-thoron) + E(ingestion) + )]

183 BA(inhalation-dust)o]] 93t & k&4
(mSv/yr)=

E(inhalation-dust) = X[AM; x HW; x BR] x

LAkl sk ol et & S

WA 9| AEBE Go/nf )

HWi @ 29 85 o)A oI et A
o] EEAZH

BR : A9 5&E (AnAY 1.2 m'/hr,
AEZ 1.68 m’/hr)

[AMi-HWi-BR] © Gi7kel 23] io] gt %7h
717F &2t &A= (By)

DCFi : 7HE WA 38719eF 27 (Activity

Median Aerodynamic Diameter,

AMAD) Z7] 4 H& S X EF

Falo] gt mSv/Bee] AgeAitAlS

211 3] ot bsEE 582 FE7F AR
QIAm AF7](Personal Air Sampler, PAS) E+=
185 F7)1ZH7|(High Volume Air Sampler, HVS)
371% 45 Z3sto] AuREgEA7 Y dutelE
X715 ol&st] E4F 4 AtHChung & Kim,

1. AMEE Y 3YE 2tE L ES2ST(YMYUXI| o6t
LS I E)

oA A e 9 ERE (V] EdE 42 A
AF 63.9(1.7)(H9): 16.0~144.2) Bg/n, 287.2(1.8)(*
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g2u

91 99.3~1,260.0) Bg/m’, BAF 16.6(4.8)(Y: 0.1~
83.0) By/m, 468.8(2.9)(F<: 66.2~2,580.0) By/m, C
AF16.9(1.1D(EY: 13.3~19.9) By/nr', 210.1(1.2)(HH:
149.0~266.0) Bq/mt', DA} 10.8(2.8) (H$: 1.0~ 33.3)
Bg/m’, 33.5(3.4) (9 5.0~134.0) By/nr’, EAF 2.9(8.3)
(89: 0.1~34.5) By/m’, 16.6(7.0) (A 0.5~ 222.0)
By/mf, FAF 4.7(4.6)(Y: 0.1~30.2) By/nf, 2.8(5.9)(
H: 0.5~46.0) Bg/m’ °o|UtHTable 1). 34EZ= &
A HUR|EE AMEohs A9 Al 9 23 3Ho
7V =A e *a‘ 9 H7tE E ADHAT
49 2 A% 59 & =
-9 ARESHA] g ﬂ%oﬂ =T Afo|7F Wk
(p<€0.05). 18|21 ICRP 1159 —:Lﬂo}oi PR
U304 AeE AFASE SR 2= 9 EE

2. AE 2 SHE Q. WARMEHZOMM0| 25t 2/F
o)

g Al T8 R AR HUA|E9
ARl w2 Apol7t AATHP(0.05). 5 HPAL
Mg SR et A Zol7t dom 2t
49 7H5=0lolA 0.3~6.7 uSv/hrol Rl A% vt

og FE 10 cm AN Hd 53.0 uSv/hr7HAl
HEE| QU ole} Zo] v wd =4 Yehd o]f+= Hu
A EE T35t ARMBSHHA BRSOl ARt Hidgo
Sz LA7IZE o] edE AoE FRIEQIH o]
g A FRAFCE ALkl 7igololA
4.3 mSv/yr, 10 cm =°]ollA Ztf 33.9 mSv/yrol ATt
(Table 2).

RAFCENS Z7F 0.001~0.26 mSr/yr, 0.012~0.76 3. LHE U QEIIZ 0| 9|5t & H7t Q& My
mS/yr 22 AEE I AN A HURIES AR50 A A
Table 1. Annual effective dose for internal exposure by company and manufacturing process
Company Radon concentration(Bg/m’) Thoron concentration(Bg/m’) IAEDS(mSv/yr)
name | 009SS name GM(GSD)' AM:SDT  Range  GM(GSD)  AM=SD Range Total Radon Thoron
A Subtotal 57 63.9(1.7) 71.24¢30.7 16.0~144.2 287.2(1.8) 353.9+2739 99.3~1260.0 007 002  0.05
Weifnfi“x?gga”d 7 978(13) 100.6:26.877.2~1442 841.4(13) 870.0+2333 676.0~1,170.0 006 001  0.05
Assembly and 45 61 51 5) 6644231 16.0~106.8 225.2(16) 255.8+188.8 99312600 085 026 059
completion
Heafti'r’i"gga“d 8  524(24) 71.14532 16.7~133.4 402.0(1.3) 417.141269 266.0~673.0 008 002  0.06
B Subtotal 99 16.6(4.8) 2954215 0.1~83.0 468.8(2.9) 776.8£713.9 66.2~2,580.0  0.095 0.006  0.089
Weighing 49  13.1(47) 24.0£194 0.1~83.0 435.0(2.9) 717.2+669.4 66.2~2200.0 ~ 0.088 0.005 0.083
Mixing 50 20.8(4.8) 349222 0.1~83.0 503.6(3.0) 834.1+756.4 69.2~2,580.0  0.103 0.007  0.096
¢ Experiment 7 16.9(1.1) 17.0+2.2 133~19.9 210.1(1.2) 212.9+355 149.0~2660 005 0.001 0.049
D Subtotal 27 10.8(2.8) 163%11.3 1.0~333 335(3.4) 552416  5.0~134.0 0019 0006 0013
Molding 10 9549 186#141 1.0~333 336@3.1) 51.0¢41.1 50~134.0 0019 0007 0012
Drying 17 108(2.8) 14.9¢+95 1.0~32.9 33.4(3.7) 57.8442.9  5.0~132.0 0019 0006 0013
E Subtotal 98  29(83) 88482 0.1~345 166(7.0) 46.0t47.4  0.5~222.0 058 014 044
Coating 49 3302 107495 0.1-345 66.2(1.9) 79.3#452  10.8~222.0 093 017 076
Packing 49  26(76) 7.0t62 01-247 4262 127+154  05-86.2 023 011 012
F Subtotal 9% 4.7(46) 8364 0.1-~302 28(69) 93116  0.5-46.0 022 013  0.09
Mixing 48 48(.1) 93t78 0.1-302 486.1) 135+138  0.5-46.0 0034 0018 0016
Sewing 48 46(41) 7346 01-212  1.7(48)  5.1+65 0.5~22.0 0.162 0.115  0.047

" N : Number of counts
T GM(GSD)

T AM#S.D. : Arithmetic meantStandard Deviation

S1AED :

. Geometric Mean(Geometric Standard Deviation)

effective dose {[ICRP 115 : 20.4 nSv(radon), 120 nSv(thoron)] per Bqg/m'}

I BG(Background)

www. kiha.kr

: 0.1~14.0 By/m’

Indoor Annual Effective Dose as AM(Arithmetic Mean), Estimated dose conversion factors for radon exposure{Estimated annual
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Table 2. Annual effective dose for external exposure by company and manufacturing process
Company  Process Sampli _ Number of Radiation Dose(uSv/hr) Exposure o /—\r_mueg
name name ampling site samples time ective Dose
AM£SD Range (hr) (mSv/yr)
. Chest height in the center of the 3 _ 2035 1 hr/day 0.04
V\/e|gh|ng unit process
and mixin i
g 10cm helght from the surfaog of 4 _ 20396 _ _
the equipment or raw materials
Chest height in the center of the _ 5
R Assergbly Unit process 6 1.0~2.0 4 hr/day 0.96
an
completion 10 cm h_eight from the surfacg of 6 3 10~3.0 : 3
the equipment or raw materials
. Chest height in the center of the 3 _ 1025 05 hr/day 0.09
Heatmg unit process
and firin i
9 10 cm height from the component 3 _ 1.0~2.9 _ _
surface
Chest height in the center of the 10 3641 1 15-45 4 hr/day 346
L unit process
Weighing 10 height f H
cm height from the component 4 0564121 8.0-435 B 24 58
surface
N Chest height in the center of the 5 45¢1 7 24~67 4 hr/day 432
B M|X|ng unit process
10 cm height from the floor 14 36.3t83  6.1~63.0 - 33.89
Coating Chest helghtl in the center of the v 2 640.8 1235 _ 250
unit process
Drying Chest height in the center of the 3 12408 0.7~2.1 B 115
unit process
Sample's reagent surface 4 - 1.2~2.1 - -
10 cm height from the container 4 - 2.5~3.5 - -
C Experiment Storage container surface 4 - 10.0~14.5 - -
Chest height in the center of the 6 _ 03-05 8 hr/day 10
unit process
10 om height from the packaging 4 594001 001-008 2 hr/day 0010
) box (tile 10 pieces)
MoldinG 10 am height from the packagi
cm height from the packaging 5
D box (tile 30 pieces) 2 0.28t0.13 0.1~0.4 1 hr/day 0.067
. 10 cm height from the packaging N
Drying box (tile 40 pieces) 5 0.32£0.13 0.2~0.5 1 hr/day 0.077
Coating Chest height in the center of the 4 B 0.01-0.05 8 hr/day B
. unit process
Packing Chest helght. in the center of the 4 3 0.01-0.03 8 hr/day 3
unit process
Mixing Chest helght. in the center of the 4 3 001-0.03 1 hr/day 3
. unit process
Sewing Chest helght. in the center of the 4 3 001-0.03 8 hr/day 3
unit process
" AM£S.D. : Arithmetic meantStandard Deviation
T BG(Background) : 0.01~0.03 uSv/hr
Journal of Korean Society of Occupational and Environmental Hygiene, 2019: 29(2): 167-175 www.kiha.kr
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Table 3. Total annual effective dose for internal and external exposure by company and manufacturing process

Annual effective dose

Total annual .
mSv/yr
C%Zrziny F;r;);?ass Sampling site (mSv/yn) effective dose Mol?:;lte
Internal External (mSv/yr)
exposure exposure
Weighing and Mixing S 0.06 0.04 0.10
A Assembly and Completion Chest he|ght_|n the center 0.85 0.96 1.81 Yes
of the unit process
Heating and Firing 0.08 0.09 0.17
5 Weighing Chest height in the center 0.09 3.46 3.55 Ves
Mixing of the unit process 0.10 432 442
C Experiment Chest he|ght.|n the center 0.03 1.0 1.03 Yes
of the unit process
b Molding Chest height in the center 0.02 0.01 0.03 No
Drying of the unit process 0.02 0.01 0.03
E Coating and Packing Chest he|ght_|n the center 0.58 BG 0.58 No
of the unit process
F Mixing and Sewing ~ Cnest height in the center ), BG 0.22 No

of the unit process

" BG(Background) : <0.01 mSv/yr

ESHAY ARESHA= SAITE AlE E= YEE Fol3)
= AF dAEE HAMEEY S0l 9t e
of WE EAFUFTE) dupde] Qg oF =
AFE FHsE F A7 FaATE 0.03~4.42 mSv/yr
o] tHTable 3). @A HUA|EE ARXZANA A
5 ARESHA| Y= S QR T Eo] oJtt s )
&k (background) ol 7Hth. 121l HuUA;
O|E ARgojRo| WZ F FRATFS 247 0.10~4.42
mSv/yr, 0.03~0.58 mSv/yrO.2 st 2Jo|& HojF
AHp<0.05).

V.o #

HEEZQ] HUAo|E JEF YAE Eiol= 4
29 QIAN FER AJAHA| ol wEt Zpol7h IRk B
5 EE(ThO)°] 2~14%(24~400 Bq/g), 9-2H&(Us0s)
o] 9F 0.05~0.3%(5~70 Bq/g) T3t Aoz LA
QTHIAEA, 2010; Alnour, 2017). HUAR]E([Ce,
La, Y, Thl PO)= HATAIEEAEA 2t EF
o] 3ol BE 1:10%] A& Hstal QAL o5
BHotdA gnt, gl E 7HbdES HESCHIAEA,
2003). ALY A2z Aol wet HAAEE
o] 3fH AEEEY HAsEETt 1 By/ge 2I}5IH
Aol E=otes st ITHICKL, 2019). ©]

www. kiha.kr

OF Z2 HAPAIEDNAY AN &2 2= &
2, 2315 ¢ AFel UE YR uZa 22 FHOA
WEE= AbAe] ot QR uEE S7sto] FHAkgt
Zro] AA| AA| A 1 EsFo] Hrt

E dFoMe = d EEC| 93t 3E s A
FHAA TS AREoto] SHAkeh BFARAS] R T Ea 1
UA|ES A FFotEEN WAE= Ambko] gt
QRIES st A7 FREAZE AES) HY

g AFRARY] gEs (V] E BUACIEE A
&ol= 49 13.1~97.8 By/m(EE5E : 210.1~841
By/m’)°I 2l HURO|EE AMESIA] = AR 2.6~
10.8 B/m(EESE : 1.7~66.2 By/m)oIic}. 4%
= 4 EE 55 EXo| tfet W-test 23, =
A FERZ(og-normal distribution)S k= AL
2 YePFil(Celebi et al., 2014; Epstein et al.,
2014; Maria Quarto et al., 2015) ¥ HE57T &
2 AF BEESH=s AoE Uyt EEFET} g
EEEET 22 olfi= BUA|ES] A Ro] =
o] HAZQl Sttt EES RHFQl ERC| o W
7] wj&o|tt.

A 2R EAS HHE, AAS] A% oozl
9] JFo=E HUA|E HEXxlo] 2§ ¥ 5 HA
o HAELL Qli= AJEfol™ BAS] 9= HUACIE
£X10] 27} vigtol E]lF o] QAT EE|R| Y= A

Journal of Korean Society of Occupational and Environmental Hygiene, 2019: 29(2): 167-175



oAl CAM= HUAOIEE AHE7] 5ol AA 4
= AR o] vlibE A2 oyt o]k T2
L2373 Ul Eo E0|%+ Skt ERY &
FF Ao7t 2k € EEFE0] F7]9] Ao|E THAL
AoR TAEUT. FHPERE= A HUAIEE At
Bot= A% A 2 & 3740] 7P A UEHT.
DAR= HEO| BUXo|ES B3 43 9 7Axsto] B
A TE= ), @A AT HoNA BUAIEE AR
SHA] 7] H2R1A] B E EEsks W2 Holqlth
J2u, Eolgt AL T ol TS X[o] TA Hit
Aol EZL o7t AR AA v, ¥ 9 o] Laj
Slo] QQRAMEREo] 0.65 uSv/hr 7HA] HAEE oW A
Woll 10A1ZF At 7H9s o faATS
1.5~2.3 mSv/yre & QR mEo gL ARkl 7|&Z
ZI5k= A0 E e

A MEZA AR FHE E FADY Foll=
JollAl HUA|EE ARESHA] ¢l Q17| wiEol
4 EEFT= W2 Holn dF IYIH A E
Zgko] o =2 olf= Higo| Sl £Xlo]
AldH] 5ol Bol = &3] 7jFo] A A=A grot
JFS & oz y4HET. FAFTgol FARo] ¢
I AR FHEA SIS EXlo] vlikE FEE
1}

=

Lo 2%

Lo rit o

ah

§

gokal AHdet Ao s AU AAAES BuAt
Eof ti3] 3A e A oE BZ5HA| Qlot 55E
S 8 Jr2 QAESO| A5 gt

NI
AN
fo

T

s

Hd
ot
Aoy
b
e
A

e o
o3

AA]of wet ZA Zfol7F AA
oloflA i 6.7 uSv/hrolA
oz AAksHd 4.3 mSv/yro

mZutogr Qulo] 71&S

)-O_u
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rlo
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) l‘:\l
- =
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{
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o oft,
2l

N

:11,
ol
Fl‘l:'
4
iﬂ
S,
o

LA EQ] ARER-FO] A glo] BhR=Aw(
)3} ZbAo] o3k R mE HE 4t
SAaMTL 0.03~4.42 mSv/yr °|lew FA A
oA BUA|EE A§ AMESHA] Y= A%
2 AY HiFwE ooy YRIES =
5 AT 28 wet & Aolrt AT
ol F3;E ICRP 1379 SAT A=A +E
gt o] £AET 5 w2 &30 1EE 5 93
UAISEL ATt

HUAIES AMBot= A SHT ol 38 5 4

=
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=
DN B ofd ope B
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7H ZF67%)1A LRl AFFRE(1 mvn)E 2X
Sh= 97t BAYSHIARE HUA| EE AMSHA] o8
o= Z3ot= 497 fSlth

T2lo|A HUR|EE ARSI ALEES T+
2340l el =EF7IRE =2 FokE 4= gl
HUROE FA(10 kg L&2HE SEFIALE F50}
= oA FARAT =27t oA e
8.72 Bq/m(0.81~14.4 By/m’), EE5EE 76.14 By/
m'(56.88~114.7 By/m)°IAL, 37| & Fehessres
0.39 Bg/m'(0.29~0.88 Bg/m’) °o|lem Zupxe] 57}
AFE(Equivalent dose rates)< o+ 0.15 uSv/hr
(0.11~0.21 uSv/hr)elUE f, Z=AT} B A7 F
FaAFE Hat 3.21 mS/yr(0.46~12.46 mSv/yr)
o]AtHYassin et al., 2016). ThO:.3-5F°] 5~10%
4 U305 T90] 0.2%%1 ZUAo|E Y=g AFs
= AlAoA ] AN & B7tolA vkl w32 &
JIYFA ~0.15 mSv/h, ¥4 0.07 mSv/holA
I = 9 EF 99F0 H¥E57FsE(Equilibrium
Equivalent Concentration, BEC)= ZZ} 45~250
B/, 60~700 Bg/m'o] o HuURo|E B2l &9l
T2 MRS BT 1,600~14,000 By/mo]QtHEkidin
et al.,, 2003). Q1% U (Tamilnadu) HAI3HQH2]
HURIE(EF oF 5~12% ) PAAYoflA =&
gr71et A3 2tE 4 EE 55= 0.22 By/m’ v|gto] 9]
At QQRATFEL 0.11~0.23 pSv/h °]oH & &
B 0.41~2.35 mSv/yr ©]AtHMini. et al., 2014).
To]Ao} o Amang)3 Y HUAIE(EE 7%,
$2hE 0.2% o) HEAdolA = 3715 A 241
o= QIgt A7t Wyt FEATFS 0.72~116.60 mSvo]
A = 9 EE S| ot fadd Hee 7
ZF 0.00~1.24 m$v, 0.03~1.19 mSo|R o QJF vt
APRIEFS 1.83~64.80 mSr ©I2AtHIsmail, 1997; TAEA,
2003).

Kim et al.2016)9] d7-=EolX= ot € EF
o] YAFsEE7 1 By/g= 2I5HH AFB7ISESE A
QISR T1of w9 2A7EE AASHIH.
g BUAPIE HFARY A RUAIEY s
(*%U) 21.4 Bg/g, EE(**Th) 213.0 By/gS Ta3laL
Aol ATF ASAHAFA7} 0.3 mSvE IR E A7
ToE WA, HYEPES v 9 A4 Ui, Y
AlZE 27, AT B A, Y = 271 A
Aol gt nZelE 5heE HEASHITHKim et al,
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2016). Jin et al.(2019)9] AFollA= ZYAO|E tjE
g Ao figf 2= € EE &5 QT H ¥ ET}
= ARt A7t AdYE ofof sk Ko et 9
AG7F Bdo] Hasiotal AAstal et oA
22 ), A7I98, 97, gEA EHA 5 JLE
22 geR 37 F #= 2 EE 59 HEAS
Hrigt A2 E EEFLTE geEsko] HG
108 oA} A&EH Ao=w Bk Utk Park et al.,
2019). o|e} Zo] HUR|EXY gk} EEo| ¥
Al ol BEE= 24 gttt Brks 2=l =27
ThE 2851 =H agriehA "k 1A =dE
o] AFSAASFE A8t fadgd /de= B7t
Sk Zo| A -1 FAJolt

2 F7Ide] HUA|EE HEohk= AAS5 Aol
FARE ARl 1 mSvE ZI5HATE 20 mSyvE
ZI5EA] Qh=thal sfiA] ARREE(Z PRI, <20 mSy) 1]
qrojgtal @Fo R wWHd 4= gt} ofufstd, ofF
ole} A2 Ao FARSt= =aA7E LRRIQIA]l A

= oA B Ee J(EHUA|EE EHstal
VA T ARdo] ) FAFULE AT &2
BH7RHA] 53 A So8 et =54 whdshe
g A7F AUk AR Zol2o] Fofl Frh= 5

AaofA] vEH PPozRE LEAe] ARS B

HUA|ES ARESEIL AW TA0] ARESEIE A
A4S W= g ¢ EEse TAMKY iR ¥
QF o] otk AFB7HE AR A3 ot 22
AEZ AUk

1. HUAP|EE ARESh= A58 A5 2=2] ¥
T W= 13.1~97.8 By/m’, EES 210.1~841.4
Bq/mﬁo] Mqﬁ

2. BEEY = 15| A8 ICRP 11590 <74
ot AR 4SS B 2 EEQ faATdE
9 0.26 mS/yr, 0.76 mSv/yr & ERI= ALt
O F WAMAFEZ 7I5=ololA A 6.7 uSv/hr
FRAZS Fd 4.3 mS/yr 0|3t}

? 0
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4. BUAO|EL] ARG A Qo] WiH L o
mFof ot A7 & FEAFZ 0.03~4.42 mSv/yr
o] Act.

0|9} o] HAXYE Ao o]&dl= P9 <
Aoz WME = HAIANFY] 5L E F7HIA gt
22 Bt opuet ZAFARRES] AR mEE THEA
2 3 &, ol3t AdEE oz WA kEE 5
U EAQ FEEC] Uk FH AREH ol ®
HuzpolE Bt ofel 22, EerEA 5} 2 %
2 P8y & ¥Th A9 Tibs %7t 0.1~54
By/g AT ok Aoz A=A AUTHIAEA, 2007
[AEA, 2013). ol& ¥&ES oHFe= Ad3Hol gt 4
BRARE B Bof 8829 APeEHe 7t o]FolA
ofF & Zo|t}.

pan

el 2

o] =H2 2018W%E = JUAHAC R AFS]A o]
7} 5 =y Y EA RURPo|EE HIee AFY
S oz AeRARE 21498 [el=grt AdEs
del Aoz A Fojste] =S & 7AS AT
A3} AAS AF-LolA ZAr=AT
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