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ABSTRACT

When the water with a high radon concentration
is taken, a portion of radon goes into the lung and
it clings to a radon decayed daughter nuclides
Po-218, Bi-214, Pb-214, Po-214 of radon, thus it
may cause lung cancer. The spring-water is used
for drinking water in most region of Jeju Island.
There may be an internal exposure when habitants
of the province took the spring-water. The safety
of the spring-water used for drinking water is
examined through the measurement of radiation
quantity of Rn-222 in the spring-water. In this
study, HPGe detector was used. As gamma-ray
peak of the 351.9keV that is released from the
daughter nuclide Pb-214 produced by decay of
Rn-222 in spring-water was measured. Then the
Rn-222 activity in a spring-water was determined.
Through the investigation of the radioactive content
in the ground water performed by National Institute
of Environmental Research on a national scale in

2002, Rn-222 activity in the some area of Jeju

55

Island can be known. But it is not much different
from this measurement. There has not been vet a
limited value about radon in Korea when the
limited value about radon is 4000pCi/L (T148Bq/L)
in US. EPA.
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Fig. 3 Activity versus time illustrating transient
equilibrium
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Closed-ended Coaxal Closed ended Coaxal

— Represents electrical contact surface (Bulletizied)

p+ contact ~

True Coaxal

n* contact

p+ contact n* contact

p-type coaxial n-type coaxial

Fig. 5 At the top are shown the three common
shapes of large-volume coaxial detectors.
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Hstet e & A 2o (Fig. 6)
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cycle) ¥ZtAx7F 50 -60KAEZ Al HE718 W zd9 w3t
A7 £ dSE dFAFAoYy, vAHg A

A
71l Mz A& =g £ gA FoE sgolA

H2F2Z7)x= d) HPGe #AolA cryostat %3
o dE 2N HE FEdAY AXNFZVE M &

A7l 84S Hast A #2E7] A ¥ AL &

el ok MA FEr1e dEdAE BE da

Hes gastd FEVI giEe] w3 JYzhdd
ek Az A7 gl cryostat?] 9ol A vt
1% o # A FAAY EE HEH A4A A

(Compton suppression system)Z #2|3tc dolx ¢ Fig. 6 sample support was made and the 100mm
7ve]l o] 9t} lead bricks were shiclded to HPGe
Aol s AR E BMEAHE7Y ALYFS Table 13
Fagu AR, 7191 A WAL Cs-137, Co-60 8F
%i-‘%ﬂ 5ol ddntd AyAE o] &3
Table 1. Specification of HPGe Detector o -?533}9&31, HEE8Y UAL Ra-226 BEF £
Specification Tvoe & Ag3td FefstAct Ra-226 &8 AL 14N9
HCl§ 8o 2 32X Marinelli beaker&7)(4%
Mode! (Canberra) No. GE | JopomLyel A4 Welmoz wesan. A%y £
Rel. Efficiency 5% goe) 3 WAETL 19959 48 129 712Y @A
Peak/Compton 01 219.34Bqelch. &4, 4ol %A Ra-226% Rn-2229)
Resolution ég_lgg"(f?g%t‘v) HAGEEERAE 2este, Azd Ra-226RFR
Cryostat Description 7500SL de Ay H, o 604 T WA Fol 72000%
Geometry Closed ended coaxial 5t SR
Diameter 470 (Fig. 7)
Length 41mm
Active area facing window 17 9cnf
Distance from window Sno
Recommended Bias Voltage (+)4000V dc.
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¥ A9y 2944 As
A AGE AFA 32} AAEA, BAFT, G4
FEE A 1NN F 630 AU Fig. 7 Ra-226 standard solution was made and
A, Aol o F¥e Haser] A sealing with Silicone
AE7 FHE 774 100me $HES o] &3t AW
3}‘2‘11. Z387 AAdE AH AFsn HE7) F dA, 8ol Algd EAEE A5 FAd 29
el dxdted ZPLriet HE7] Alol9| 7] EH A A2 Azt Marinelli beaker(£F : 1000me)
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Pb-2149te] WAIYEHYBAE 23t A Fo
%} 4ol BHAF FHol A FsRn, & ARG
72,0002 ¥4 SEAH.

4 =9EY 953} 24

o] 4¥elx BHF Fo Rn-222 WA FA L
Zvkd W& #$go] 2 Rn-2229 2¥F< Pb-214
9] 351.9keV Zotd I3 E FAFLEA olFojF
gt B9 Add 93 WAHHIAE Rn-222 ¥F 1
AAEe Aot wEstA A7 g8 83 Ade
Z¥FU Pb-214% Bi-214EEFH v Felds
o] & drth ol YFoaHEH WEHoiAEe PviA
Az e] 285 Table 201 e

Table 2. Gamma-ray energy and Emission probability
emitted from the daughter nuclides of
Rn-222 and Ra-226

HSEELS ALEEA (6), (NAY FAZRYH ZAASH
Aot 283 Ra-2269 7 oYzl HawH AFg
3} Alarg A EEE Table 30 AT 2dx
Peak efficiencygt< W4 whgez A7l A& 7oA
o i 2 (Ev) 9} Peak efficiency(ev)®] 424 (10)4 &
A} g3t Adoja Ra-226 X FE 4o Peak efficiency
& fitungdt Ak 9714 as} b fitting W0l o,
ol W4 a=0237 ¥ b=-0.7382 ZAAH Yk

Ine(E,) =Ina+ binE, (10)

1000000

Bi-214

100000
10000
21000
100

10

1

Fig. 8 Gamma spectrum for Ra-226 standard solution
measured with HPGe(Relative efficiency is
30%)

Table 3. The peak area, count rate, peak efficiency
and gamma-ray emitted from the daughter
nuclide of Rn-222 by the decay of Ra-226

Energy(keV) pro%r:liisl?tigr(l% ) Nuclide
186.210 351(6) Ra-226
241.979 7.12(11) Pb-214
295.207 182(3) Pb-214
351.925 35.1(4) Pb-214
609.318 44.6(5) Bi-214
768.364 4.76(7) Bi-214
934.060 3.07(4) Bi-214

1120.285 14.7(2) Bi-214
1238.110 5.78(7) Bi-214
1764515 15.1(3) Bi-214

41 vt= XM AHE7|2| Peak Efficiency

99l AYolM Ra-2269] ol ~AEPL ¥

A< Fig. 801 YehSiTh 48 Ra-226 HE oo
Aobd 2AEYel ANEY BAE AZEdQ
MASTRO-328 ol 83t auag A&t v
27AeEES W7 HAWAR 2t Zopdol W

g
tlo

E(Ezrvg)y Peak Area Cou(r;;sl)late Peak ?(f/ii)ciency
241.979 | 13833(226) 0.040 0.00413235
295.207 | 16135(174) 0.0779 0.002652755
351.925 | 24817(215) 0.12 0.001377605
600.318 | 18265(187) 0.0754 0.000925586
768.364 | 3291(121) 0.00695 0.004462131
934.060 1915(131) 0.00403 0.006854849
1120285 | 6474(109) 0.0123 0.001292454
1238110 | 2455(151) 0.00447 0.003150128
1764515 4864(85) 0.007 0.000953076

Fig. 9& 2% FAHL (6), MA BAE o] 43}
o 13§ Ra-226K T8 M| Peak efficiencygto]n], A
ML fitting$t4=oll 3§ Peak efficiency=A & Yl
Aot
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Fig. 9 The peak efficiency points measured with
Ra-226 standard solution and peak efficiency
curve calculated from Fitting function
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Fig. 10 Gamma spectrum for Sample 1
(Jeju-si Byeoldo-bong)
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Fig. 11 Gamma spectrum for Sample 2
(Jeju-si Do ryeon)
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Fig. 12 Gamma spectrum for Sample 3
(Jeju-si Weol san)
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Fig. 13 Gamma spectrum for Sample 4
(Seogwipo-si Kang jeong)
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Fig. 14 Gamma spectrum for Sample 5
(Bukjeju-gun Ong po)
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Fig. 15 Gamma spectrum for Sample 6
(Namieju-gun Seo lim)
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el &HE Fo Rn-2229 WAz e e 29 Ee Az AE dzd 2 AA S #F et
% Pb-2149] 351.9keV ZvbA ol =]el tisf W4k gt 2 ®alzh el AEy] diel Bo e Hotkg
o7 doj Peak efficiency@® 3z AF&E2H AaMe A7izke) Be =3 dolg 7t F Qs
B AERALH, o]F@A A Z A Hel A Qoj & AnHog E d¥A MHFE BART 5T A
A4 9] Rn-222 #WAtsol dig ZA#E Table 40 29 Axe A ¢lol HPGe HE71& AE5tA7] W&
1220 el of 24, rAHSHA &M Rn-222MAIS S ZAHE
T AU

Table 4. Count rates of peak and Activities for

%

84 F @= ¥%7F US. EPA 2002d %
] 4000pCi/L(=148Ba/L)Y & #EUE o 4

UO

351.9keV gamma-ray energy measured

M oox 8
N
My
(o3

%
with samples of region’s spring-water Z2rol zt xdoA ZAEHYY F= R oo A
Count rate of — 2 njAE FA ol ol Fydle #@E ZIEAVE ¢l
7t 2 peakleps] Activity[Ba/L] oy uZ ZA7|E YL W AFE W &3
Hr g 0.00601 5.48 e 2hEo g AFE2 A Aol HIE T
=4 0.01237 11.27
YKol AFAD 0.00802 731 6. 3 31 = ¥
MAXA ZA 0.01355 12.34
e 0.00723 6.59 73E 9. 1997. HPGe ZH&718 A&t #Aopxd 2
FEAYA 9% A&+F Rn-222 SAts FH
SAFE MY 0.00381 348 %, Sae Mulli, Vol. 37, 8-11
K. Debertin and R. G. 1988. Helmer, Gamma- and
X-ray Spectrometry with Semiconductor
5 24 =z Detectors. North Holland, New York. 205, 206,
211, 364
2 AYoHS 8% 2o Rn-222 YAlSS HPGe A Glen F. Knoll. 2000. Radiation Detection and
Measurement. New York. 408-409, 413-414,
2718 AMEEte Zold EFEAY 93 wyez & 448-449
iAo & FHe2REH oA $¥F T Rn-222 2z wAM wE U3, AT A9 fE
HAlE S Adds AFA HES, £d, 442 774 -222¢] Wi L3 FFREgw FH GAAEHS
548Bq/L, 11.27Bg/L, 731Bg/Lolx, MAXA ZAHL T4 2-3
1234Bg/L. $AF2 $EE 650Ba/L, @AFE qge ol S8F T dATe ssis 71E ddiE
348Bq/LE WRTh 200245 A% F PANEE B A RAAFEATE
g9 zabse 4FE Ade $AFE UG ¥, Doeor U ERBATE 203 a0 sk
GAZE gAe e M4g sz FS 747 % WAL =4 2%-‘F’r’,‘z‘ﬁﬂ B < I O

& 2
1.85Ba/L, 518Ba/L, 9.99Ba/Leledl, 4840 =
458 vusge o 2 Aot At 2y AE 3
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