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Abstract — Two pre-treatment methods for measuring tritium in seawater, distillation and electrolytic enrichment,
were compared using surface seawater samples from the coast of Jeju Island. The minimum detectable activity (MDA)
for tritium concentration measured using the electrolytic concentration method was on average 0.117+0.038 Bq L',
while the MDA for the distillation method was 2.098+0.132 Bq L. The MDA for seawater samples pre-treated by
distillation was approximately 20 times higher than that of the electrolytic concentration method. The distillation
method significantly reduced the time required for tritium analysis in seawater compared to the electrolytic concen-
tration method, although it resulted in a relatively higher MDA. Therefore, the electrolytic concentration method is
more suitable for assessing the distribution and changes of tritium at low concentrations in seawater, whereas the
distillation method is better suited for quickly identifying high tritium concentrations or potential releases.

Keywords: Tritium(} 5=4), Radionuclide("J- A4 & %), Distillation method(%- %), Electrolytic enrichment
method(3ll55), Jeju island(H15+)
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AREACH, tritium)= 741 (cosmic ray)°l| 2J3l] A% ti7] £9
A AR Rjelo] A5 2E-0 2 A E AU UNSCEAR[2008]),
1950~1960 el 357-7] 3 A3 e oJs) AYAulo] 3 Fo= W
ZH ek HZole dxpebdAs) ds AAY Al ol 4t
TraTt 87 SO g9 AEaL . 2011d 3ol 22
W& Qlgh 28] TFAn} thoo|x] ARt A FUALT R
vheket WAV HEH A Aheravt 37 o2 WEE
ZARaL o] F AR oA AYE Wb QAT E T A

odof thako & Aslar 9o, 2023\ 8Y 242 B =) HA s

LAFE 3 FHA| A H|(ALPS, Advanced Liquid Processing
System)Z ©|-g38lo] A3} T foko 7o) HHE XAt A
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AL 19943578, Sl oabis 201537 §=
AZsfellA BPAFs ZARE AABHL QLo 2023714 AR
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¥ Vs B9 A 501 Zlo g W slItHKINS[2022).
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Fig. 1. A map showing the sampling sites.

AT Ak 3] AEA 1 B8 918 2023 24, 49, 62, 8
2, 102, 12201 107] el B3 sl=S 212 AT Fig. 1).
A& iﬂ?l&— AlFFeehL 22452 Ao (160=+)2F oFete.(3,000
EDE olgstalon, X5 dl5 Niskin A57]5 0]8-3}o] A
F3lt. 4 L datiol 7)o} slie] Absraete] meks #Ha
g}al7] 1314 head space go] a1 A RE AR sl o, B
B4 A SRl o G Eol7] SlaiA B4 el AEd Ll
AAS capsule filter(poresize 0.45 um)E ©]&-l] oJ 51T}

2.2 _E'_JHI:(g-I:H
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Distillation Electrolytic concentration

Seawater sample 1,000 mL
— add 5 g Na,O, and 0.5 g
KMnO4

Filtration for impurity — Distillation (at 90~95°C)

removal from seawater
sample (0.45 pum)

Test for residual salts by
checking for precipitation
using 0.IN AgNO;

!
Seawater sample Separate 800 mL
20 mL add 8 g Na,0,

! y
Electrolytic concentration at a
current below SA
(800 mL — 40 mL)

Distillation
(at 90~95°C)

!

Distilled sample

Secondary distillation of the
concentrated sample

! !

Mixing sample 8 mL +
Scintillator solution 12 mL

!
Store the mixture in dark place
for at least 12 hours
!
Measurement by Liquid
Scintillation Counter
(10 hours)

Fig. 2. The procedure scheme for pre-treatment of seawater for tritium
analysis using the distillation and electrolytic enrichment methods.
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SHHL 8l AlEE SRARE B SRE
3lo] F-al5h= ot Warwick er al.[1999)). 315 &
71EE AR A8l S5 8719 el sl AlRE
GAEEo] Hojd AT Al87F 24 27 90~95T
oA OF 4~5AIZF SRS F ST 8719 UiH SANel S
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Sl AR AT 8715 olF vIAR S v]A e
AZ7FF7) AR A2 UHel Ws 171] =], W F4lo] &
Z9 2ol &) Ui v]A ko z 85 Fejolu) o] WS
71&2] F5el visl 1hdstal S5 ARk ?ﬁ gl O] AsE
Bl T3 F gle o] ITHOh and Lee[2019]).

222 AssE

i AR ATTFAE AT 77 7<] %‘Xé a1 SlaiM= A
alsE o dajelsof st sl AR WasFaly] Hel &
22 A7 BeES AASIITE WA ok 1,000 mu s ==

EetaTe] ¥u AEY F71ES AASH] Y8l Na,0, 5 g2t
KMnO, 0.5 g& 37t 3 s|HES o]83to] oF 90~95CollA|
Sttt 12F S5 AR ditel A%C] 0.IN AgNOE H
7¥eto] A i fE Il o] IAEH FHE W
it allr AlE, vhd AR B 25 AR E dslsEdA] A
7183 cell2 &7 & =29 58 5~6CE #4311 DC 24
A FH AAE ol L3 AF 5A slelA 7R w53k

STk AlE7F €F 100~150 mLE 555 A/E 3AR S
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Ag A8l 22k SFE ARSI e A 28 F T
SgAT-)H viF AEE I HelleF7|E AR ske] 4
TgelM Q) s SEAT 3TES SISt v AlEE
AETd Tt B YE AskrE A A)E A sk
AHE-SFSATE
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Z}e]| Y (AquaLight+ ULL scintillation cocktail) 12 mL&} 233t H,
3}st 1l 333 (chemiluminescence®} photoluminescence)ys A 75}
7] 1304 Shaoll A FH A4 12817 o WS S(Zhang et al.[2023])
M4 FA=71(LSC: Liquid Scintillation Counter)(Quantulus 1220,
PerkinElmer Inc, USA)(cpm/dpm counting mode)= A Z3}3 .
AaflsEH 9 FRHCE A A Ee sUatA 6005 F1t
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Fig. 3. Quench curve in terms of the *H efficiency as a function of
the quench indicating parameter SQPE.
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FRAGE BFARS] A ool thE ASEES] AN A%
R 23 B2 (y =-0.0012+ 1.9655x-755.7, R*=0.9936)
o % YeRllom (Fig. 3), 2354 & EFAIEE Sassd

THollA At i ATETELS ARSI

WARSS] WA SRS 10 R AR ST el 2
ZJE] }‘ OL‘—_: 7}_X]— 7%& tﬂ-}\ = /*fo MDA:= o].aHg] }_\l% o]_g_
SFATH(Curie[1968)).

2.71+4.65./B

MDABg/L)= ————
(Bq/L) Efficiencyx Vx t

2
1714 B = % k(count)

t = 715~ AlXk(second)

V=R

Efficiency = A& E5(%)

271, 4.65 = SAA EAAE sl 8 ARE g5

Rl =1y |

i

3.1 AELA MX2| Y H|w
WA o AaksEat 5
otk AsksEE e B daliste] 52

S B AET BAE IR

ol 7 wWol 28 g



A9} kAR Feshs A WO, AR Ak A AEA
ox AR, Al celle] A sl whet 24
g 4= 9lar, AREAQl - AF 10A ©]3tellA] e E th(Centrih
et al.[2023]). S V- A A3k Al cello] A=A
A g glem, Ui s AAebd =2 Asl £t =3A &
o] Askd 4 vk, 3l AR A =eER Qlele] T o
5ol w2} spectrume] FEHE x[o] & Hol7] Wil f7 &7 4
5 AlASIE #go] & Qe (Warwick et al[1999]; Lin et al.
[2020]). & A7elX= AdllES Al Aol 242 SRS 7
Ak, 13} ZFA o= A2 KMnO,9 Na,0.2 37Islo] A8 &
AT F7IES A A AAE e, 22k FRAlelle
KMnO,9} Na,0,5 7k ekoteh. dssHS 1, 24k 55 2
A& AR R ot W2 AF(SA oldhelA] HalleEHE Al
Sl HER 42 ARto] Ao ® Ark= WS 7 3 Qi
TS NE F ETES a0 AASL F=2 Al
T AETraAT S F e dA e Wy o] th(Hisamatsu ef
al.[1990]; Nogawa and Makide[1999]; Warwick et al.[1999]). &
FHEAY F 4-5A7F £22)0 7 A5Th 248 A5E 1A

2lapA Hw dasEm (A2 ofF 209 -2l Blsf 2082 14

A

A AREE @5 Sl Aol lon, MDA T4
7]
=

3.2 H|IF 10 =AY}

20231 A5 A< 1070 el AFH S a2 i w5
A% A, S A8 8E W <1.714~<2.234 Bq L' 9]
om, HallsS A8 543 A= <0.051~0.209 Bg
HLATHTable 17 2). TS ol &3S A4 AsTh 555
A 4elA MDA olstz Ukttt HallsF o= 5493 Ao}
o] A= it MDA o]l om, A5 “d7dellA 0.140~0.209 Bq L
HOZ Yelsttl SHHOE F4A] H MDAE 2.098+0.132
Bq L'9loH, AslEFH o= 4 A] 3t MDAE 0.117+0.038
Bq L'3lt}. whehA] AsllsSiel vlal] S7H0% 24 Al MDA
7} ok 208) ot Sl F AL A BAo) uhet e
HE A8 AR 7 o7 ety AubE o7 A F
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Table 1. Tritium activities measured by distilled pre-treatment method in the coastal seawater of Jeju Island in 2023

Station February April June August October December
(BqL™) (BqL™) (BqL™) (BqL™) (BqL™) (BqL™)
AR <1.863 <2.162 <2.203 <2.099 <2.170 <2.118
112 <1.805 <2.210 <1.940 <2.104 <2.162 <2.109
HR2 <1.789 <2.116 <2.210 <2.099 <2.163 <2.134
HR3 <1.853 <2.172 <2.229 <2.076 <2.182 <2.142
DJ1 <1.852 <2.178 <2.175 <2.089 <2.176 <2.105
SGP2 <1.845 <2.189 <2.198 <2.096 <2.141 <2.133
SGP3 <1.714 <2.179 <2.234 <2.073 <2.166 <2.173
PS2 <1.768 <2.171 <2.187 <2.074 <2.162 <2.127
JC1 <2.114 <2.210 <2.216 <2.075 <2.174 <2.124
SS2 <1.811 <2.189 <2.220 <2.155 <2.151 <2.114
*]J: Jeju, HR: Hanrim, DJ: Daejeong, SGP: Seogwipo, PS: Pyoseon, JC: Jocheon, SS: Seongsanpo
**< : MDA(Minimum Detectable Activity)
Table 2. Tritium activities measured by electrolytic enrichment technique in the coastal seawater of Jeju Island in 2023
Station February April June August October December
(BqL') (BqL') (BqL') (BqL') (BqL') (BqL™)
11 <0.113 <0.052 0.163 <0.159 <0.104 0.153
112 <0.114 <0.052 <0.161 <0.158 <0.104 0.140
HR2 <0.114 <0.052 0.162 <0.159 <0.105 0.209
HR3 <0.115 <0.051 <0.162 <0.159 <0.105 <0.140
DJ1 <0.114 <0.052 <0.159 <0.140 <0.105 <0.140
SGP2 <0.114 <0.052 <0.159 <0.159 <0.105 <0.140
SGP3 <0.120 <0.052 0.181 <0.158 <0.105 <0.138
PS2 <0.114 <0.052 <0.158 <0.155 <0.105 <0.141
JC1 <0.114 <0.052 0.185 <0.157 <0.104 0.146
SS2 <0.113 <0.052 <0.158 <0.154 <0.104 <0.140

*JJ: Jeju, HR: Hanrim, DJ: Daejeong, SGP: Seogwipo, PS: Pyoseon, JC: Jocheon, SS: Seongsanpo

**<: MDA (Minimum Detectable Activity)



7] Al A%F 107] Ao SFHCE B A TA s
FARHA A 7 dellA] MDA o3} 0] STHMDA 33t 1.415 Bq
L Y(www.meis.go.kr). Kim et al.[1996]°] 2]3] L& SFAJu} &
ARk 2 Zakatar 0] 781 1994~1995 Afolo]| gk sl 9
35 Aol Asllsses S Aerd 55 0.12~1.50
Bq L'(3+ 0.60+0.35 Bq L) W20, s3lit, Halit, A3l
Qb sz F Aol HolA| it o]= 1991~19951 Ale]e]l
Eafol 248 AT 0.33+£0.17 Bq L) FARSE 2520131
th(Povinec et al.[2004]). Aoyama et al.[2021} 2014~2015 &
FAE QI ARk MR AT F e 0090175 Bq L' 7
Folglon, 9507 ArsE Fv)t AAadhs AE¢S Holw, o
QoA 12~15 km Hol 3ol 4= 0.067~0.083 Bq L' T+ 0%
Bslgict, wpebA] Al Ak AerAh s TS Ay, &
FAuh A A2 o s fEE PR I3
mju| gk 71 o 2 gy,

3.3 QS YIRHLUMA I MASHA WE S5t

= AUR]7|F-(IEA: International Energy Agency)oll w2
AA 7] = F fAFo] oF 10%E ABAIskaL 9lom, A=y
M= A2 20%el Eebrhal Bagk vl Qlek e 20231 7|
= QA THFE oF 30%E A 2 &Skl Yl hitp:/
khnp.co.kr/main/contents.do?key=61). YA 2L k2 o]4ls)
e wlEE, AA, s RS 1 9 5= sk 3=
40001 7] o]’de] AALHAE Pt o], AAAAEH
3](WNA: World Nuclear Associationy= 20307k 2k 4300 7]2] 41
7 GAEEEAT) A8E Ao R Askar Qi) o] T Adre
At AR RIS, S, AE, QIS T obAlof X elA
24 e AE F2 ZAoR deiA Qlth(http:/world-nuclear.org).
T 20144 56719] AT} TR SOl T T s siqlel] <]

. 1990~1997d 52t
AR A 9 T o wlEE AEAE °F 79.2 PBqO.
2 FPTHUNSCEAR[2020]). 3F Q1 =Ql Z50] F3 3} Ak
al xRl = 20239 212} 121 TBq@ 33 TBq) A5
WS 207 B as] O (CNNC[2024a, 2024b]), G& &
A A Fata R Q] ko FEH AT
F 0.1~0.5 PBqQ! Ao 2 F43F3L A tH(Povinec et
al[2013]). B=3F QR 20231 89 24 FFAR} LA A
I e AE Mibs LATE (A2 Rk 7,788E)
A, FE A A ASA 07 QPG5S WFE AES 71
a1 Utk AT RS A W oF 22 TBqE U W 71+

(60,000 Bq L)) 402 1] 3ll3k= 1,500 Bq L' ]38t 3fl<k

H g RUEY 48 39

3| E AdHelA ElYe® WFE Aot TEPCO[2023]).
AR 22 o] 2R 2 eFg/d-S S8l Fegt o] go]
A9t 1979% v]=; Three Mile Island AFaL, 19861 #| 2 - ARar,
20119 FFAE A A FAbDL 5O = <lE)] AR
20 A3 9 3 AAEiAl el v A G 5] =7t
AEH 0 Z tFE 1L = 430tk (Chang er al.[2024]).
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A AARCE Hi=EY A% st Mgt A 7+
7P R A= Sl Wk, slFEdel st Ve Hs
Ao} QA eke Ao th(Table 3). A7 ¥.71715+(World Health
Organization, WHO)AI A 3t HE=E2 Aars 55 7|52
10,000 Bq L'o]™, 2] 7% 74,103 Bq L'Z 714 &7 24
wo] glom EUE 100 Bq L'& 7P B4A 07 7152 A Astar
itk A A3 A% F AT a WA SR VI
10,000 Bq kg, 9-5o19] 7<% 1,000 Bq kg'©&2 Asla it =)
A= AREe) Alerar 187 15S BfokE- 215 1,000 Bq kg ©]
3f, GArobg A% o8] B A5 10,000 Bq kg ©lskE A3k

3 9o}

Flo

o
-

=2
>
o
()

x ABprEA 1 Qb 31
o] 2,000 mg L' o S ik tigS2] AJslE Heic). 5
7o & ) YrfE o] g ol Waks el 7S 40,000
Bq L'Z 474 = o] 9lor, U2 60,000 Bq L'o]c}.
? tjoksk AR 2= ALPSE Eof AejA|A] o=

@ZH OE’]_L. 1(_). [e} 15 -
AeTh F5E e L9 U T8 7IEo® Ak gle
], QR FRA AP W 3 km o) A5 557} 700

1

=4 Tl
Bq L', 10 km H}ollA 30 Bq LS 238 3¢ Wis Sdsh=

O

Table 3. International limits for tritium in drinking water

Nation Tritium limit (Bq L")
Canada 7,000
EU 100
Finland 30,000
Australia 74,103
Russia 7,700
Switzerland 10,000
United States 740
WHO* 10,000

*WHO: World Health Organization
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