creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86t AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Metok ELIChH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aeles 212 LWS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

4 AL g 9w B

)
<

oH

o
o

B

o

N

f—

7}

31
5}

2

)

2024



o
4

—

0

20234 124

9190

Al
o




Estimation of naturally occurring
radionuclides and the annual
effective dose by drinking

groundwater of Jeju Island, Korea

A Thesis submitted to the graduate school of
Jeju National University in partial fulfillment of
the requirements for the degree of Master of Science

under the supervision of Hee-Jung Im

The thesis for the degree of Master of Science
by Sohyeon Lim

has been approved by the dissertation committee.

2023. 12.

Chair

Member

Member




LISt OF TADLES wreeeserrsserssssessssesissstesssisssssste sttt sttt bbb bbb bbb nans iii
LISt Of FIGUI@S weresereresserssmesissesisiesisesisiss st ssss s ssisss s sas bbb ba s bnss .
i% ....................................................................................................................................... v
L A B e 1
I, AlE El HFE] ccisiisnoissionsonsisionssonast s sssusst s sosussbusssssosssosassssosssos sasssonssostassses 7
1. ARG H AT K] BFER ceererrerrererserineieisitis e 7
1) AIFEIELY] A EA] et 7

2) K=o WE ZFAZFIFA T v 7

3) K BFGE TLIE G EJ] verererererseersersseristisstie s 10

D, A BN F R T orrvoresstronssoscusscnstonssosssasssssonssosussssssasssussesssesssassiusssssasssosssosassiasssossasosassios 13
3. AZ|AEE, pH AR AAZ 2 BEA s 16
4, 0], K AJZ AZ] W EA] 16
5. 98, EF AR AFH L EA] e 17
6. TFE AJE AF] L ELAD e 18
1) B2 B ZH Y £ e e 18

2) A&Fg TFE AR A Z] W EA] e 18

7. AZE SR ATE oot et bes 29
T Z T T GLZE e 23
1. A3HE A EO] O] BFBE BA] Z T} coereeerereessrersssessssssssssssssss s 29
2. 40Kg] HIALS 2ol AA7F AE GEAATE 26
3. ??Rne] WALS 2o} AA7F A3 GEAIEE 26
4. 28] MAVE e ol A7F AZ] S EAEE e 30



33
35
38
41

vl 232Th§4 %_

%—@__ 4OK, 222R1’l, 238U 2l

6. X3k HAE

(= BS IDS [ R [ A

h s

O(;t‘

t}

il
N

3
alg

XE

ol

o
o)

~H



List of Tables

Table 1. The depth and altitude of sampling wells, measured water
temperature of samples when collecting groundwater samples for radon
from February to Aprll 2023 ..................................................................................... 15
Table 2. The ingestion effective doses per unit intake of natural radio-—
nuclides .............................................................................................................................. 22
Table 3. pH, Electric conductivity (EC, uS cm™), anion and cation values
(mg L-l) TN QrOUNAWALEL werttstesssssessrestts ettt e 25
Table 4. The activity concentrations of *°’K and annual effective doses of
groundwater in Jeju iSland ........................................................................................ 28
Table 5. The activity concentrations of **’Rn and annual effective doses
Of groundwater in Jeju iSland .................................................................................... 29
Table 6. The activity concentrations of U and annual effective doses of
groundwater in Jeju iSland .......................................................................................... 32
Table 7. The activity concentrations of **Th and annual effective doses
Of groundwater in Jeju iSlal’ld .................................................................................... 34
Table 8. The total annual effective doses of groundwater in Jeju island -+ 37
Table 9. The Range of concentrations of natural radionuclides in ground-

water Of VariOUS COUntrieS .......................................................................................... 42



Figure
Figure
Figure
Figure
Island
Figure
Figure
Figure
Figure

Figure

1.
2.
3.

List of Figures

Scheme of 238U decay Chain s 5
Scheme of 232Th decay Chain e 6
Geologic structures with west—east cross line of Jeju island 9

4, Geomorphological diagram of groundwater occurrence in Jeju

............................................................................................................................. 11
Groundwater occurrence of Jeju ISland - eseeressermsseemierisesiinan. 12
The locations of groundwater sampling Sites e 14
LDPE water Sample DOttle s 17
Maxilight Cocktail (HIdex) sseessmremssssmsiesissesssisssssisssssnsissen 20
20mL teflon coated PlASHC VIALs s 20

Figure 10. The ingrowth of decay product activities of an initially pure

sample of 222Rn ............................................................................................................... 21

Figure 11. Uranium versus thorium (a) and potassium (b) concentrations

Of the 60 measurements Of Vulcano ....................................................................... 40

_iv_



AF Ase) AR Pl

2 Aae AFE Askre Ad B A =2 2AEE detshr]
& AAlstdth XEHg (YK) FRE ol ARMEIYIE o]t F

Astlon BE(PRn) T AA AR AR EAselY B

dE BEF AF WA

-

[e]
o
5 FEE REAY Sdzv 4% PAgem
=

4= AE AFHE 20229 995-H 20239 997HA] AFE W FEE F
e A A5k HAFAE 97Add A Pl

Aat4e] YK $EE 52.7~243.9 mBq L'E ZAESICH AdE F
] TRk 7.98~32.43 Bq L W9E YEhALh Ast 5 e
B} EF 3 wils sxE 27 0.057~5.887 mBq LY, 1.50~9.54
uBq L' glEit) At s 2 b v v 3R EH
o] AJAIgt 7] 148 Bq L7'9F 30 ug L& Z¥abx] ksteh.

K, #Rn, #°U "9 #*The] WAls ¥=5 #4ste] AFAY A7 A
A FEAZS H71E ¢ Aok dfrel dRFgE vE AP dET Askr

%

Hol Aokd oz ekl PRl A5

o



L AME

o] A

13t

X

o °F 140 km gl el 9]

A]

=

pu—

9
pl

be] o

2 g5

N

F94 7t

st

Q

=

)
AL 7HAA|

] A

=
o

E

=

ol ]
bl ALgEe,

o

715

[<]

il

b

I<]

WA B3} obs

1

Al
)

"

<

=y
Tjo

p.
-

o]

L
T

el

a}

o

<
a}

[9]

o

ass
o

&

=
L

A el A

[e)
T,

SH|

o= 87 EaTE et AT $-2HEe] 99.284%% #PUCIT

S

o

B

—

)

A o

S

Yoy A=HEI} FAF

3l
5)

i 2t

S

4 Qo Brugge et al, 2011). $e+5< WA EAof H]



2 ZAol Aol o e Aow waA UAWKSingh et al, 2014;
Amakom et al, 2010), $-2g-2 AHlA WAL IS o7 5 3
tH(Brugge et al, 2005). AARA7|F= 20043 &2 &85 7|+ & 15
pg L2 Algtglon, dAAl= 2 7|58 30 ng L'& Z7FAHEHWHO, 2004;
WHO, 2017). "= @4REHE 559 $8F $5 7|$45 30 ug L''2
A THUS EPA, 2003).

Rn(FHE)S Tl FF o] VAR A, #BUe By Alde AYAE T sl
#Rasl FAZRE A 2= A B HHA domz & o=
AA AT E5S B9 d=e FYS Heds 2 ¢ dow(Samet,

2 Fo 23 #GEY AFe A 173

APE 2D 5 vk #h=9 AFH= 53] A%l 2 dFS vAEA o &
%

o213t o] & Aol a-HL ofFH o] A LA AFHI Uy PA=
ol DNA =4S doyja vl 7hsAdS 9 & At

Atk FALAH T oM = FAVEHAVES S 8T E A Y

al
o] At ML oF 1 mSve S 9A &S AL astal JATHWHO, 2017).



0.05 mSvz <& A

o

T

AR

0]
T

~ mm L& m_uw Mw Mo AR mror WP
- file) junt M_OI r —
S N m Ty o
X WI N :.L io o CI ﬂﬁ
o8 7o o ol Ao P n
NS oy do R o A - Ho
in Rooh B o o o M
SR T S
N N o H
I T R
W Wm W_m %O W . wm 7 % A oz
I S
Fx Togw xR g
= T or B %o e B
R L I
maozﬂﬂ%ﬂ%ﬂ;ﬁoﬁﬁﬂ
it wm ° 7T F o 4T
R T
T o B ok AR R T wm L f oy
S A T L
5o = XX = . W ~ .cm XT o
= ) = T
g T ey e e
o] N o X5 wr
T o e xm MW T N AR ol o|J R
Wog YR oo gy R » x°
> o) e oo b 2o
m m m,_ MNM 0t O_ HI MI_ %0 .__M| ° mmO
LS = o M = O
> =T NI S N it
R S (A I
) | .E _— X ul ) —_ \.L'
fofo o " = . o i _.Jo Mo @M
oo B oo o X . N
wom Fr L Z oz o omwom oA
NN X o B o 0 ‘ml —
o e @ .o My o
wo o) I W OW SN S -
T NP e R T % WK T T

The] s

=

o 232

AAE JAHAA =
Aol Qo A4 97 Aol A
9t (Ho et al, 2020).

2]7h-& 38l North West 52¢] Gauteng A SolA tj7] &

°©

=

=

40K 222Rn 238U
’ b

=
[¢}

9] Rl ANHOR FopA o
[}

ouR oA

ol
5

A8 o

%)
)
=

??1_
3 ofg] At} olu] A=A} Ho

2o
oot AAY & gl )

fx27] <

3L

o

tolAd F2

9

R

2
7

]_

S
3

A]

[e)

F= el

ol M &=
FE ol ARMEILHY],

& A
o

==
=

to] A

el

2 ®Haxo JQh(Ho et al, 2020).
[e)

Madzunya 5< o}

=] &}k
A

=)
=



2 9l 9IS Ay ko (Madzunya et al, 2020), Shin & 32 %
shel EAskE bl 2xe A7 FadS Fdadth(Shin et al, 2016).
Avwiri 5-& volA|glolol 4= Enugu 5 32 AYAA] olto] 3yt &H, 55
of e AUdut =D HAulel LS Felsta SgAo A= MBS 28
CHAvwiri et al, 2016). o]- ¥ A WA EFE o] &3t o] A7 A

FHQA T, Ael5E Fo FUoR AgaE XA AE5E SEPS o
A -

ﬂH

WE A% e ks Aelth AFES gol Y FFE Askel o
Eahe Al A WA BAS e Adsrt A5 9 og
Atk AF Aste] EASE UK, *PRn, PU 2L *The] X H<15a o
9% A WA BAARES FRHOR neste] $HO0R A A AY
e WStk Ea ol PR 47 AFH Ass o Al s}

£
)
ofo
ot
+
30,
rir
N
NS
olr
oX,
o
Jor
o
ol
38
O



PO

1.64=10*
seconds

wlTh

7.7x10%
_ years

Figure 1. Scheme of ?**U decay chain



%Th

1.41=1010

=Pb

Stable

Figure 2. Scheme of ?**Th decay chain



AE 2y

II.

P
T

el

o] A7} A

M
Nk

Al

1.

1) Al

0|

]
©H

]

oA b WA

i3

T%Z Figure 3°] YeERSIT

=

o

A2l A]

o]

)

Aol Wl $ e Aoz FHA Y. o

=2 2 ¥ (sand), A}

EEFA

koA

SRR 7Y i A AR

°F(sandstone), ©](mudstone),

& A9elM= B 100 m]

w2 ¢gow t}
N o}g] 15~205 moll A,

3|

A

=13
=

off ol M=
Far gk

o] Folzl 70~250 m T2 U

Aefe]

off el
iAol B A= A2 A

J

=

x5

o] A1

=

o

—_
1o

a4

]

H

o
v

|

=
9

i A7 =™

9|

- [e)
T o

ojlty. U otz

9t (Koh et al, 2017; Koh et al., 2006; Jeong et al., 2016).

=

o

ZO



=
)

il

1™ API (American Petroleum Institute) ©+9= e}l

Xc-)] S

=

il API

Ar

oF

—

gt

:l_L

Axrstel 7 ghg

S
=

BHeol s vaol 4 (D

(D

8 X Ulppm)+4x Th (ppm)+16 X K (w/w%)

GR API

7= Aoz HaE Y rHHelm-Clark

S
=

Aol Adgrba gk

)=2]
=

5~50 API

=

o

$7} 50~80 APIZ YEUH, U

7S BAtH(Shim er al, 2018). wa}h

=3]
g

Al vk

et al, 2004). A¥HxE

ol A

°F 90 API¢]

-
T



Mt. Halla

1,947

S:“ level pyrabasal g our

L]

0 (m)

100 F s

200
S00f L

400}

-500
aollt _+ 4+ o+ o+ 4+ o+ o+ o+ 4+ o+ o+ o+ o+ o+ o+ 4+ 4

Figure 3. Geologic structures with west—east cross line of Jeju island (Koh et al, 2017, Lee et al,
2020)



AT FEAd 8 Al SFEAHADAA AlF A8k FEF
thal EFetal g olstittJeju Special Self-Governing Province, 2021). A
FEE AMdAo] Sty g A A JOomEA, olHg S54SR <l Hel
T, Aol X 3 Ak gefdl whet A9 A8k, £71A4 AdkE, 71A
AstrE kil ArkFigure 4).

&9 Askr(High-level groundwater)« 7= A3l 2 571 A5
st st AAESI e FEAol B ATS o ol IFEHA
Fetal AfrsS et 2= Askgrolnt

M

714 A&+ (Parabasal groundwater)® @5 A 8tA 9] slgto A T4

= Asholn).

71A A 8k(Baral groundwater)i 3l

STt vlFo] & G Aol A= YJEE BEESH AAEXSES ATE 5
% X 9o] A% ol AT FAESI AA] Forvma FH A= 7]A A5}
F7F 9A x5 o (Figure 5)

U (Han et al, 2021). webx A5 2AH AHY A L X5 FEEH

=
EA42 Ea A P 2o Bxe] WA 9Re ST 5 g

_‘IO_



Leve

v

Sea water

ow permeability sedimentary layer
(Seogwipo Formation)

-

| Basa Parabasal High-level groundwater
"1 groundwater | groundwater

Figure 4. Geomorphological diagram of groundwater occurrence in Jeju Island

_‘I’I_

|

T a
ne

=

=
.|
:"\:,_.
il
kd

|
E.
a
C
0
}

b
AT
el
_t



High Level Groundwater
Parabasal Groundwater

Figure 5. Groundwater occurrence of Jeju Island
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Table 1. The depth and altitude of sampling wells, measured water temperature of samples
when collecting groundwater samples for radon from February to April 2023

Sample Depth of well (m) Altitude (m) Water temperature (C)
Gl 110 83 15.6
G2 90 54 16.1
G3 210 184 15.6
G4 348 279 16.5
G5 200 183 15.3
G6 250 224 17.5
G7 150 141 16.1
G8 82 58 17.0

G9 110 89 16.1
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o] e FES o Kim ef al, 2016), ¥ AFolA
H ZgaE vlo]d g AR AFHE H s H(Figure 9).
A AF AANA AskE oF 500 mLE 7Fe ek g E7]E A @A 1A
of %a1, vAL 7 AE HEA 8 mLE vsloz AHEAT 8 mLe
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Figure 8. Maxilight Cocktail (Hidex)

Figure 9. 20mL teflon coated plastic vials
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A AF FEARS o A Q) 2ol AXFEHICRP, 1996).

714 B = AFl o3 FaAZGSYOlAL, A WA AFe WAL

o
% (Bq LY, Fix AR 39 Az W3k A92(Sv Bgh)olth W &9 A&
o

Table 2] A3ttt AT Eo (W) AARAZIF9 7MHS wEr)
(WHO, 2017). 9ol A%, & &nv]=EFS 0.75 L day lo|t}. of@ole} A<l

o B AFHFE 247 1 L day '® 2 L day lo® 7pA ST

Table 2. The ingestion effective doses per unit intake of natural
radionuclides (UNSCEAR, 2000)

Effective dose per unit intake (nSv Bq™)

Radionuclide

Infants Children Adults
0K 42 13 6.2
2381 120 68 45
*Rn 23 5.9 3.5
2%2Th 450 290 230
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Table 3. pH, Electric conductivity (EC, uS cm™), anion and cation values (mg L™!) in groundwater

Sample pH EC F~ NO3-N CI” SO Na* K* Ca® Mg?*
G1 7.9 110 0.06 2.4 9.7 3.7 8.0 2.5 5.0 4.0
G2 7.8 160 0.05 4.7 13.8 4.9 9.1 2.8 8.8 6.6
G3 7.9 105 0.07 1.6 7.9 2.4 6.5 2.7 5.3 4.7
G4 8.4 102 0.08 0.8 7.0 2.3 8.6 4.0 4.1 3.6
G5 8.0 112 0.07 2.1 8.9 3.7 8.3 3.6 5.0 4.0
G6 8.4 207 0.11 0.3 6.9 1.9 22.7 6.8 7.9 6.9
G7 7.2 80 0.08 1.9 6.4 3.1 5.4 1.7 4.4 2.8
G8 7.9 119 0.05 2.1 8.3 2.4 7.7 2.2 6.2 4.9
G9 8.1 181 0.11 0.3 7.6 3.6 19.9 8.1 8.7 7.9
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2. UKe) WARS ek A HA FEAZ

OKe] HIAMs FEe] ghe 52.7~243.9 mBq L' (204.3~945.4 ng L7Y)e]
A3, W 115.7+49.4 mBg L& YERHSITHTable 4). K& K 9] =
of UKo AAEANEZ ) Y] Wil K9 ¥Rt =%E G6¥ GI A

o
4

sl UK FRE B Asgl na mdth AFEY RE A5 AR

3. PRal ks FEe A 4F FEND

22Rne] MM}% EEE 7.98~32.43 Bg L'E  Yeygow, Hife
19.1848.63 Bq L 'o]t}(Table 5). A3} Z n SAARITHAA XA

=
@ 148 Bq L'9) 713A2 299 Ae 99tk e goe 493 4
o} *
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Table 4. The activity concentrations of **K and annual effective doses of groundwater in Jeju island

Annual effective doses (uSv y 1)

Sample K (ng LY K (mBg L™

infants Children Adults
Gl 293.0 75.6 0.87 0.36 0.34
G2 329.8 85.1 0.98 0.40 0.39
G3 318.0 82.0 0.94 0.39 0.37
G4 466.2 120.3 1.38 0.57 0.54
G5 426.2 110.3 1.26 0.52 0.50
G6 791.7 204.3 2.35 0.97 0.92
G7 204.3 52.7 0.61 0.25 0.24
G8 260.2 67.1 0.77 0.32 0.30
G9Y 945.4 243.9 2.80 1.16 1.10

Average 448.3+£191.4 115.7+49.4 1.33£0.75 0.55%0.31 0.52%0.30
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Table 5. The activity concentrations of *“*Rn and annual effective doses of groundwater in Jeju island

Annual effective doses (uSv y ')

Sample 222Rn (Bq LY

infants Children Adults
Gl 19.83 124.9 42.7 50.7
G2 31.70 199.6 68.3 81.0
G3 21.40 134.8 46.1 54.7
G4 13.34 84.0 28.7 34.1
G5 18.11 114.0 39.0 46.3
G6 9.34 58.8 20.1 23.9
G7 18.51 116.6 39.9 47.3
G8 32.43 204.2 69.8 82.9
G9 7.98 50.2 17.2 20.4

Average 19.18+8.63 120.8+54.3 41.3+18.6 49.0£22.0
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4. U] WAk wmeh Az AH FaAH

28Ul WAl = H 1.619+£2.043 mBg L 'ola 0.057~5.887 mBqg
L' (4.56~474.73 ng L Y7412l WS YENtHTable 6). BE A&k
A golA BUY FEiE 0.5 pg LT miwke] v grog zAEQIY v §

oF 7Ivte] st A7l A, S, A \A Exs AR dAelA

= Aot $dE 57 £2 71$2 30 pg L'E JE=ti(Shin er al,

AFEE F2 AREF Jugon ofFold Qovl, 1 ofy EAs:
AAEST U 43tk $ohre] 92 Apds 2 9714 44

olu} E AL A wrh dFLS ¥t thEA sibtel A= 0.03~1.37

T Ashgre] We U wEe AT Ady #dy Bow gy
U TE HuXE G6 AsgolA AEHAJeH, U vEE G6, G8 ¥
G9ollA of 2 A 99| Aslgol nls] =2 #e Btk G6<9 #2250 m]
=249l 224 mo] 1%EE 7HA I Ak G8 B 82 mo =4l Eef 58
mo IEE JHAM, G9 #A8L 110 me FAAES 89 mo xS JHTh
(Table 1). 241 %=9F a1% % Figure 3, 49 91X& & 24 Aol F3F
S 7 ASE s A, G6F G882 MAETY 4TS e Aoz FH

ot AFESo] EAHA E= AFE 5 Ade] AAT G9= Use 9F

AFE Aze] Aazguid dsel mek AALET UL SRSl 1
A abg AFS 0% FRdth S 0E 499 Askeel wsl G6, G8
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Table 6. The activity concentrations of “*®U and annual effective doses of groundwater in Jeju island

Annual effective doses (nSv y 1)

Sample 28U (ng L™H 28U (mBg LY
infants Children Adults

Gl 17.69 0.219 7.2 5.4 7.2
G2 32.75 0.406 13.3 10.1 13.3
G3 52.30 0.649 21.3 16.1 21.3
G4 56.67 0.703 23.1 17.4 23.1
G5 31.75 0.394 12.9 9.8 12.9
G6 474.73 5.887 193.4 146.1 193.4
G7 4.56 0.057 1.9 1.4 1.9
G8 321.51 3.987 131.0 99.0 131.0
G9 182.82 2.267 74.5 56.3 74.5

Average 130.53%£164.76 1.619£2.043 03.2+67.1 40.2+£50.7 53.2+67.1
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5. *#The] WAbs FEsh A7 A4 fradw

Z2The H o] 3.89+2.64 uBg L7'¢l 1.50~9.54 uBg L' (0.369~2.345
ng L) H9E Yed ek (Table 7).
Table 1o UERY uRel zFo] 22Thi 9] AFH o Mdgo] 37] wjio,

A A BANL HA BE FERAZ 4 2 GBS vHE BFo|

K, #*Rnd Qdfrob Ao Azt fFaswke] dAFdel A 2 as
A= Aoz 2AME o, whdel] #2The] 79 Aol d-Hle] Azt fa4
Fol /M & #E JEha gk KeF ##Rnel ol A#dl A W A

7F 919 6.6~6.78121 dol wke] 32The] 79 oF 2.0M|2 =L
ARle gfrole] of 2.7vl9) S AR #Th HF FaEAFS A<l
Ffrotrtt o 2 o= F  EA. wEkA PTh 5 2 A WA
Ao g v Addiol vla 49 A" dH el o FHefst

=

(o3
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Table 7. The activity concentrations of ***Th and annual effective doses of groundwater in Jeju island

Annual effective doses (nSv y ™)

Sample **Th (ng L™ “*Th (uBq L™)
infants Children Adults
Gl 0.369 1.50 0.19 0.16 0.25
G2 2.345 9.54 1.18 1.01 1.60
G3 1.051 4.28 0.53 0.45 0.72
G4 0.751 3.06 0.38 0.32 0.51
G5 0.556 2.26 0.28 0.24 0.38
G6 0.494 2.01 0.25 0.21 0.34
G7 0.471 1.92 0.24 0.20 0.32
G8 1.617 6.58 0.81 0.70 1.11
G9 0.958 3.90 0.48 0.41 0.65
Average 0.957+0.649 3.891£2.64 0.48%0.33 0.41+0.28 0.65x0.44
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6. Ak AFE ¥ K, *Rn, #U 9 PThe] & A FaAF

AFE Aske 4AR A A WA F99a0 F A fEHAZS
Table 8o Azttt Ffrol AFMe] A4 At HHE B3 A0 f&
Mo 53.1~205.1 pSv y '& e
o}h offlo] Aol A% A7 FERAHS 18.4~70.3
wom Hite 41.9£18.3 uSv y lelth A A#dle A5 A FaA
21.6~83.3 puSv y ! Alel9] #he& wlom Hit 49.6£21.8 uSv y ol
Ffrobe BE ARd FolA 7P & Azt fFadEs Hole A= e
Wk ol Gfrobrt w9l AHAF D Aol g dAF el nlE 2 %S A
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1 Lo E& Avstes Aoz 73, Afols 5 kg9 ATo=Z 0.75 L
day'e] & AFFS 7FAHSATHWHO, 2017). )& 3k o]F=2 <lste] oo}
ARF7F Ak 8ol o AA WA =4 AF ol FHopg Aow dvkd

 BE AeA ool Aol ARl tia Aak: Al wE A
Vs B ke mmeity 3 100 mSv o]l APl Q1A &
AAE7F F7kekm, 1 wRke] ghelM s s A9 fFuskA oE

A AvHBrenner et al, 2003). WekA] A AP FTNA AFES AstF AHF
of o ¢ A¥EEE gl Ao=E ddd.

EE3 A7E F8 *PRne Az FEAFC] F M wol = dFS

MR Qo et oF EUR AFE AFAEY As: HAR A@
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“Rac] 7EHTHIAEA, 1984).
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2 A A AE F S PRak 5 AH EABS AL gl

AT A PFRY st 24 Astgel oa Radl REES HAF 2
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Yo (Hwang et al, 2005). AF%E Aol A *Ras wl$ X g B
il glormz B AFoAE &l WA AE F “Racl U
a4 ekokth Ty #Rad AFH FEAF] TL Foly] uliFo, *Rao
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Table 8. The total annual effective doses of groundwater in Jeju island

Total annual effective doses (uSv y 1)

Sample

infants Children Adults
G1 125.8 43.1 51.0
G2 200.6 68.7 81.4
G3 135.7 46.5 55.1
G4 85.4 29.3 34.7
G5 115.3 39.5 46.8
G6 61.4 21.2 25.0
G7 117.2 40.1 47.5
G8 205.1 70.2 83.3
G9 53.1 18.4 21.6

Average 122.2+53.7 41.9+18.3 49.6+21.8
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8. Agtro] Ad WA ol ek vt =7ke] A3 AT

AA AsEre] A ALY AF wRe UE 7€ AT AREES Table 9
of et YRt old @ ATEL 27 TE wrke] AlgE X o)A
g

THEA7] w4

Fall vl7ls 2abwlo] UBisk *SU Atele] WAl BPL Am 4 gk WA}
4 ESAae EAR ool WA AE TH RAEY setd, BeH 7
5o Apolw Qste] WA} BAFol AW FE AUtk o2 s FUT A e

=

S SHehE Rod) FE0h He 5 Atk Ed AFEY 3 o
GOl GFe wE A4 AsSs BE sRsh B Yehng e SR
7w UEE Adse shgs o) dgtow Qb fHE] FRs} v
= Ttk A AgE AA AskrEe] Al WA e EXAE -2
w3 2=l & Aboldls A AR AddAe Sl Aoz dddr(Cho
et al., 2019; Richard et al, 1991; Guo et al, 2018; Godoy et al, 2006;
Thivya et al, 2014; Osman et al, 2008).

Table 23} 9ollA] wAlgk mhe} Fe], Aoz K, *’Rn, *U % **Th
Tkt = 7ke] Askrel A Fefnldt A FaAdH Asst e vEE B
It} o= K, *Rn, U ¥ #PThE Rt=Al mdste] Ak 4H Faxde
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2 Wrhslol Stk A vehdith E£8 R
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Table 9. The Range of concentrations of natural radionuclides in groundwater of various countries

Country 0K 222Rn 238 232Th Reference
Korea 1.48-865.8 Bq L! 0.02-1640.0 pg L Cho et al, 2019
USA <3.7-462.5 Bq L™ ND-4.9 ng L™ Richard et al, 1991
China 1.53-40.0 Bq L™ 0.23-246 pg L7} 0.01-0.39 pg L7} Guo et al, 2018
Brazil <1.2-3542 Bq L! <0.01-152 pg L Godoy et al., 2006
India 0.10-211.60 Bg L™"  1.75-46.70 ng L™ Thivya et al, 2014
Egypt  5.27-22.1 Bq L™ 0.0-92.0 Bq L™ 1.1-5.74 Bq L™ Yehia et al, 2017
Sudan 0.003-0.139 Bq L'! 0.0161-1.721 Bg L' <0.1-39.0 mBq L Osman et al., 2008
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Estimation of naturally occurring radionuclides and
the annual effective dose by drinking groundwater

of Jeju Island, Korea

Sohyeon Lim

Department of Chemistry
The Graduate School

Jeju National University

This study presents distribution of naturally occurring radioactive
materials in  groundwater of Jeju island. Potassium (*°K)
concentrations were performed by Ion Chromatograph and radon
(**’Rn) concentrations were determined by using Liquid Scintillation
Counter. In addition, the activity concentrations of uranium and
thorium nuclides were measured by Inductively Coupled Plasma
Mass Spectroscopy. Groundwater samples were collected from 9
sites of groundwater intake facilities for wide area supply in Jeju
island from September 2022 to September 2023. All samples of
groundwater are the main source of tap water for public water
systems of Jeju island.

The ‘K concentrations of groundwater ranged between 52.7 and
243.9 mBg L% The content of radon in groundwater varied from

7.98 to 32.43 Bq L. The activity concentrations of uranium and
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thorium in groundwater were in the range of 0.057 to 5.887 mBq
L' and 1.50 to 9.54 uBq L7}, respectively. The radon and uranium
of groundwater did not exceed 148 Bq L' and 30 pg L' of
thresholds proposed by the US EPA.

By analyzing the activity concentrations of *°K, ??’Rn, 2°®U and
2%2Th, the annual ingestion effective dose of residents can be
assessed. The age group of infants are vulnerable to ingestion of
natural radionuclides in groundwater. The result shows the internal
radiation from most of groundwater samples is insignificant. For all
age groups, the yearly effective doses were below 100 mSv, so
that none of groundwater samples in Jeju island induces cancer due

to ingestion.
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