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ABSTRACT

Radon is a radicactive gas emitting @ particles. It
is chemically stable due to its inert characteristic.
While its daughter products, 218Po, 214Bi, 214Pb and
214Po, attached with aerosol particles, is known to
cause lung cancer. As radon is produced from uranium
and thorium, it accumulates in poorly ventilative
underground voids such as caves and mine. Radon
concentrations at caves in Jeju were measured in this
study. The measurements were made by setting three
CR-39 detectors for 70 days at 2~4 positions in
Manjang, Hyupjae and Ssangyong caves. The radon
levels of the caves spread 403.1 ~606.7Bq/m’. With these
results, it is concluded that the Jeju caves have 6 times
higher radon concentrations than ordinary house of 65.3
Bg/m' and that they are higher than Seoul subway
stations due to poor ventilation. While, the caves in Jeju
have lower radon concentrations than limestone caves of
Robin Hood. The radon concentration in the middle of
Manjang cave is slightly higher than the action level in
the work place of 500Bq/m’ suggested by the ICRP. The
measurement errors are estimated to be less than 5%

from its calibration factor.
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Fig. 1. Chain decay of 238U and 232Th. ( ) means
the highest energy of a or A particle(MeV).
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Fig. 2. Radon’s main infiltration path to building.

2-2. 2t=ol 2 mHY e oFdEF

ZHe 4o 4& Hge fdd dF A F2 5
& &Y e JEG A FF 53] STy FF
g datzAle] 2AE F31 UCHBEIR IV (1983)
UNSEAR (1988) ; IARC (1988) ; ICRP (1990)). 1980
doll EA duk TN BlEFEr & o] ¥A
ol wa} Aoz wAsdEe gEoZ A} AAH
TERAETAN Fag Bdol HAUG olof oy MAF
dMe AXZEY td BEFE dHE Fodsin o
o v FFBFTHUS EPAIME FEU SE5E9
ZAE9EH 1483¢/mE A8 Uoh

BES 3849 wr1E sHAx a9 3% 2ol ¢F
b 206Pboll =@d w7tz AHAHQd FHE AXNEAM F
W E Ad 4t gEabE(218Po, 214Ph, 214
Bi, 214P0 §)& A4ect oW TBEL oz B
A Zldeln Mg ma fonz gEo AZ FiH
Hels £8¢ S8 oA foz BEdg 53 gEe
a2 A vdle ddidez 71 wkrlE Ay o
2ol Holl iF2Ee FF St 2z AquAE
H Ao T8 S5 F3] Y} oo wha] AEE
L AA7N A Mg ez 37 FY Wz 2 £33
53 FF&AY 249 o FasA dd ol
FEAES FUsHA HE gEAEL v 3§
3 2 AEet Hel Fste gl el Fig 49

ok

o



AF §2o JEFE 23 27

Mass Radium
162
Number Oy decay
l 460, 478 ’
299 Radon Product l a decay
38 Half life (MeV)
218 Astatine Radon
25s 0.035s
214
210 Thallium Lead | Bismuth Polonium
3.1m 22y 5d 138d
l 5.30
206 Mercury Thallium Lead
8m 4m Stable

Fig. 3. Drawing of radon’s chain decay. Most decays occur according to bold arrows.
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s AFHA Bro Ag, BT olH EA Es
EILET 39 olf2 A &40l dFsiso ArHe
2 HAYE #Fud £ AHBEIR V1988 ; ICRP
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Fig. 4. DNA damage by « emitting from radon.
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Azhge] ot nt dizetel QtHFulR A File] Yol
Ugogwt g7oz dEdc T3 dMolu Ay
Crack, fissure, fractured] £+ 2E2 o)lF L @it
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Table 1. ICRP’s action levels for radon concentration.

Parameter Action level

Effective dose Yearly 3~10mSv

ICRP House 200~600 Bg/m’

Working place 500~1500 Bg/m’

=g ol s £ fEst sy JdARTE W@
2 FAE vepded ol AdhE el #B7IAA
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Table 2. Uranium content in all sort of rock.
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HYZ dAE 4% 7EE ek (Fig 5) 1o,
2¥ $F el CR-398 RAMARE/IZA 4~847
Ao AVESRE FH A%t 3~318Ty/m A he}
% $EE Rtk o7, AFeIM 2m DolR A Y7t
A& 100By/mol7He] HEFHE Motk 1 o4 2o
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A tHGillmore et al. (2001)].

T3 2E «7AIZ71(Radhome P device)Z2 &4 &
bl T800Bg/m' 7t A} 71§ @0 2H 1 A%
4& LPE}LHSdE}. o2 Yo WE PEFEE =AM
g 71E3e AES A7 #71 A
of 7Zi7tgl #2717 @ HE NHoz yehdo windd,
S dEFAE T7IRE0 A9 g AAT AN F
2 Vel o] #rle BA A EFEE A
FANE FLT 2498 ASA AAZT BT MY
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Rock U gontent Rock U goment
Granites 40 Sandstones 22
Granodiorites 26 Shales 3.7
Acid igneous rocks 30 Cordradite meteorites 0.014
Neutral igneous rocks 15 Any other Sedimentary rocks 1.2
Basic igneous rocks 06 Phosphorites(Florida, USA) 120
Ultramafic igneous rocks 0.03 Phosphorites(north Africa) 20-30
Limestones 13 Black shales(Alum shale, Sweden) 168
Basalts 08 Black shales(Tennessee, USA) 50-80
Andesites 2 Black shales(Okcheon, south Korea) 294
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Fig 6. Inside of Manjang cave.
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Fig 7. Inside of Hyupjae and Ssangyong caves.
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Fig 8. Track's geometrical form appeared in processing of detector etch.
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747 Zd¥ Polypropylene basedl 10%¢9| Carbon
blackg H7bsted EHAHE o 10°Q02 F4F 24
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o FAEAHY SEAEY FEAHY, G GEAEY
v 2 PAegddne] JAZGE neiste] WAl 22em,
Fol7t 32m AUY He2 FAHAAGHES (2000)].
29 "ol Fag FEREAAM HEHE dAYAE
2700 date] duRel wa A dAZ A
Hog Ped Yaze AYzz dRArt He7
o wHg& AAstE AL FEH Aot metA 3
27194 AAd Qe v A= Fig 8% #o] 3
2719 FARAAN HoE el FAAA Zojd
uet x4 #cHUrban et al. (1981) ; Domanski et
al. (1984) ; Frank et al. (1973)). watA £ dlolA 3
2719 A7t datAY wiAAFE A ddae 23
o] ¢ EEAUxY FHHARTD Z AFAE 7
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Fig 9. Distribution of a particle tracks detected
by CR-39 film area of 8.5 mm2 .
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Zhol Aue o ¢tz who] gtEL HEYE ol FA o
o2 F79 el tigh FiAse e FA u
& SaAE szl A A7t FYEHAeY ol
ol AuldlA EFxe 9 ¥3tE Ugdn
EEY #E w7l o8 SA=EFH EE9 FHA &
$3A AbgecHUrban et al. (1981) ; Khan et al
(1993) ; Espinosa et al. (1991)]. Table 31X ¢ o] &
o R etEFre ANEEAR A&7 UHE,
Z Aol etersme GA ¥HE WY EEY
B NP8 o|4% glEH E29 FE fE43n2
05mm F7 ¢ Fibreglass¥9 € (¥ %: Whatman GF/C)&
A&7 Tdd 3a¥ gejz dASGAS

Fig 10 99| A€ A} tdo B Fugds
Eoio A5 ¢ AATH F2> HEAE&A Id¥e A
€ JAEE nste A" HE7len

Fig 10. Design of detector system(a) and holder
equipped with detector and filter(b).
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gE FE FAAY 2 BEAYLE AEH A
go gt e ¥F 3RE AAFSALT WS, 2 &
2, 442 A4 §2 de W dE¥EE FA
A $2E2 2~4/0 AP ABHP27](CR-39)E
Ztzk 3704 709 7H2003'd 649 16¥~Fd 8¥9 259) A
Aatdch HF2 A4 dHddA B3] sHEE 2

Table 3. Diffusion coefficient and time about various material filters.

Diffusion Foil Concentration ratio .
. . . . Diffusion
Eilters coefficient thickness Ce/Con .
102 -1 ume
(10%em’s™) (nm) 2zp. Zop
Ploycarbonate 3 0.14 0.31 0 180 h
Ployethylene 335 0.10 0.93 22x107 50 min
Fibreglass filter 45000 050 0.9 0.072 5 sec

* . Concentration ratio at steady state condition calculated.
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lkm 3ol dia d7AH, FAH, lkeA E702] 3¢dl
of MA&An, NS Y7ot 4 24 AH, 4&
T2 2709 2ol dojo Ae FFEAM 4/ AHe) 4
HAtk A&7 Eo YU ARE HAstn F= W
o ut9] g wel A FolAM Im Eold HAFHATL. 2
2l HZe] BARoz TE 7i7HEdel dut 7t 370
AJAME AE77F HAHJADG F3F, 2E718 3+
g & CR-399E% 70T, 6N9 NaOH &M 74|71
EF A (Etching)AlZl Fol E2% o 4 st 3
Huldoz o9 93T vHY £& JEESY o] F
72 vlHe] & wAg< AN alibration factor)el F 3}
o F2We FEFEE ALt @A <ARKCalibration
factor)& 9.59 +0.49(By/m’) / W/ d*m) o2 B=FvE HF
2 5%Ue R A&
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Table 4014 A AJgH wie} Zo] AF &AFZF9 FHE
FE9 ZAATE 40308~606.7By/mY] EEXE HoFo)

AFe] 29 A$ 3 U7 Ao HAE A Ho
ME 400By/m'o] He £ #E FXE BAFT o=
MN3gsZ29 47 20m e AHAAME dEFEN B
o] 719k Aol Aelrt Qe HeR Bud O AP
o] 349 d2d{Hyland (1995)). ol ¥&d N3F52
of A Y478 T2 e WY, E A7 MY T2
& Aol HRA(WFFL AFAA oF 20m A 3le] 9
goh)dted See] wzkvie AFFE uHd W gE
Hdol A Hd + mE ol HE Fate] o 9
712 wasted Aekg e
T, AEo duglel A dAF 2 /A
4 A TF o v 2Rt 10CHE AolE
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e AdEg 2 FAE Yl lgolth. AA o A

T3 MY FFE

2!
e 2 re

v R

NI

¥

[

Fd

Table 4. Radon concentrations at the caves and
ordinary house.

Cave |"OSON0 90 ygecs | Mean | Net | Bo/m Diance
MA-1| 48 644122
MA-2 | X6 |38.2448|526704 5147 [49362| 10
MA-3 | 385 |55.343
. MB-1 | 488 | 701633
Manjang .
MB-2 | 419 |60.2427| 64.4602 | 63.26 | 60668 550
e 'vB-3| 48 6o
MC-1| 313 |45.0023
MC-2 | 313 |45.0023 | 45.3857 | 44.191423.76] 1000
MC-3 | 321 [46.155
CA-1 | 299 |[386761
CA-2 | 3B |481654|46.7216| 453 [43663| 20
Hyupjae | CA-3 | 371 [53.3414
cave CB-1 | 313 {45.0023
CB-2 | 296 [425581 43.229 | 4203 (40308 18
CB-3 | 293 [42.1288
DA-1 { 412 |39.2363
DA-2 | 278 | 399701489322 | 4773 | 45177 5
DA-3 | 331 |475903
DB-1 | 317 | 455774
DB-2 | 353 |50.7034|46.3921| 45.19 {43341| 170
Ssangyong| DB-3 | 298 | 42.84%
cave DC-1 | 341 450281
DC-2 | 318 [457212 459129 | 44.71 |42881| 130
DC-3 | 299 [4298%
DD-1 | 335 [48.1654
DD-2 | 295 |424143 1483092 47.11 |451.79 22
DD-3 | 378 |4.3478
HA-1 | 65 [9345%
HA-2 | 45 | 64700 | 74764 | 6.28 | 60.21 -
HA-3 | 46 | 6613
Ordinary HB-1| 67 | 96331
HB-2 | 41 {63%2 | 86266 743 | T1.4 -
house "pp 3T 69 | 09206
HC-1] 74 [1063%
HC-2 | 48 | 69013 | 79078 | 671 | 435 | -
HC-3 | 43 | 618
Calibration Factor : 9.59%(Bq/m")/(4/d*cmf)
Area/measurement : 0.9936mr
Days : 70 days,
“mean” : average #d*cri of 3 detectors seated at one
position,

net” : #/d*cr, exclusive of background from mean #/d*cnf
“distance” : distance from cave’ to detector
setting point

entrance
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