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ABSTRACT

We investigated sampling methods for measuring Rn-222 activity in groundwater to ensure the reliable collection of
representative samples that reflect aquifer characteristics. In particular, we considered the effects of groundwater purging
time and aeration during the water pumping process. Three different groundwater wells were investigated for the
experiments, and Rn-222 activity in groundwater was measured using a liquid scintillation counter (Perkin Elmer, Wallac
1220 Quantulus). The constant Rn-222 activity was observed after approximately 15 minutes of groundwater purging. A
decrease in Rn-222 activity was observed as the pump capacity increased, suggesting that the aeration effect was mitigated

below a pump capacity of 3 L min".

Therefore, in field investigations where prolonged purging is not feasible, it is

recommended to purge for at least 15 minutes with a pump capacity below approximately 3 L min™' to reduce purging
time and minimize the aeration effect. This study is expected to serve as a valuable foundation for establishing guidelines

for systematic groundwater sampling methods.
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E53 FHAZE o] 8= Al It Hwang et al., 2005; Oh et
al., 2020a). T3}, A ESFE, FE )0l vls] A&k
% Rn-2229] %7} 100~1,0008)] Ethes 538 <9k
Aol Mo sjAAlek F=F 74 Aol 285 (Bumnett
and Dulaiova, 2006; Peterson et al., 2010; Santos et al.,
2008), A7 WA A ekt B9 27] 5 Rn222 E
W3S o]83ld X7l oS Al &8 1:]r(Huang
et al., 2024; Neri et al., 2016; Woith, 2015). &= 7
=7 A F Rn-222 FE3S o] 83t ZellAg
A 7R #E A A7 JoPIE T 4D F
A2 &-8-53 9 ti(Cartwright and Hofmann, 2016;
Cranswick et al., 2014; Zhang et al., 2016).
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A& = Rn-222 55 23L 9

A7} AejA|S] Askr 9E 7Fs/ge] =okAaL Sl
ol¢} Hste, A F48H 75 Tl A
Tl &= AEAIE ovldhs Ak A
(Groundwater—Dependent Ecosystems; GDEs)°ll T3l 17}
3] 21 w|ar QIth(Erostate et al., 2020; Klove et al.,
2014).

"= 742 % (United States Environmental Protection
Agency; USEPA)2 Rn-2220] §-<def o]o] |9t Y9
7 WA Fa Adeln, Aujol] EASH= Rn 9940l
osl| Azt o 2vF W A=} Abggitial Hagk vl itk
(USEPA, 2004). &7] % Rn-2220 717t =&=4 ¥
75 Aat 2 7Iet 357] dehs 2T < ok dA
AT} #et olLfg}, NRC(National Research Council; NRC)y
Rn-2220] 31 S-80] 23211 37} Aol mIxl=
AT FAE 5= glokar B3k bl 0tk (NRC, 1999).
weba], Alekrel] EAshs Rn-22298] HFHE Qg 1%
A Bdste], vi=e] A Ak F Rn-222 S
148 Bq L7'(4,000 pCi L™H)E Aot} ) © W (USEPA,
2009), & =(National Health and Medical Research Council;
NHMRC)} 72 # = (Ministry of Health; MH)2] 739 &5
100 Bq L2 Agksiar JIth(MH, 2008; NHMRC, 2011).
T3, Ad=e) =290]9] % Z7ZF 300 Bq L'
500 Bq L™'2 Agksiar JAok(SSI, 1999). =] ZH-5-
M= FEAANTE &9 Tl B ], SHEFaA
A2023-1492 P14 2857 F Rn-222 F=o] A 7[ES
v|=to] AFX|7} YA 148 Bq L= AAISkaL Tt
Jelv 585 F Rn-222 AFE Q13 ARPAR] AR
Zlol] g AetzAtel Ad2 sidel B3 FAAEE
7IRke = g 2A-g 4 TIeo| mREojo} sk Aol
t}. ol¢} #dst, AA) FlME Aek F Rn-2229]
AA WHGE7] Feld E47 HEE Ax Ao HE
A= o]FoIR|aL QS K(Cho et al., 2010; Jeong et al.,
2013) X8k & Rn-222 559 Agelal 829 =4S
At Als AF HY FEE dAe A WS A
oft}. 53], B 7o ARE F ARE Ulol] E45)0F sk
A e S7b RS ASkE T Rn-222 FF A
o] A%, A& W Rn-2229] w7712 183}
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T WG 7H =S ERlEH, sk WY Fje
2 38 ol AeE A (purging)shs A& #
3. YthH(Sundaram et al., 2009). T3k, A )

frooX lo

oF 30i-52t T3] A F AalE AFske WS
o] 83k A= U TtH(Cecil and Gesell, 1992; Manawi et
al,, 2024). U] ¢, HEE FEAAEE 29 5ol
e APl HEE TR Al RleE A3d
oA LSCE o83 Hg, A& 2 A3 5 Rn222S
Z7g317] S1g Alg A3 WS ARk ek o] 3l
sl 2reEks] AElshd, (1) A8 AFHE S8 2820 &5
327 3l FF R szl | (2) Y FRE
E-831e] 7|27} HAYSHA] QhEE FolshHA ZEiaE H
AL o83l 2= S AFS (3) B AEHo=
WA pipetteS ©-83t AEE AFHS F, (4) 303
oPd 5] AES} AFEAE EFTIE SAE Ho
Ak 2, olE3 Wl ARE A FRE S Qe
FxE gk A8 A3 ol B2E o] 83 35
AlF Aol digk W8-S 23] AFE ] YA e A
Aot} A3k F Rn-222 F= S4L A3 FolA &
PE AFelNE, FZ o8 Al 10208 T AskE
Frsle] HASIAY H-e AR B 2SR
ko] 25, pH, A7IHEES] TS IR] & A5E
ANHs= T Jeong et al, 2016; Lee, 2018) 5= ©|-&
skar ok a3y, Ro-2227F 7k S 13 E ),
As & Rn-222 3% S8S A A8 A A E &
215 Theo] W 4= Qe AslY] ¥ 9 AR A
A B AR, B Fu) 55 st @] A4
o2 A8 & e FAHo|n HFsE RS A8
ANF el tisk Ao wikg- B Aol

weba, 2 AFeMe AekE F Ro-222 §% 385
L3l v A= ARl AR AWF el is) sk
t} o] fl8f H= &3} B Rl o) e 24
oA Aol 71 EATh= A8l dial vl e Al
3k A5 A Hg HA Aol WE X84 F Ra-
222 FEE 24 AFS st 5135 Al AlF Al &
712 Q1% A5l F Rn-2229] th7|29] 34k Jaks A}
37 S13l = 85Fe] zo|(E B S BS F7]
Eo] 2l UE A8l T Rn-222 55 S43I9Th

=8
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2. A7 HHY
Ak A520209 79 S=AEARLATE Yol 9
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2.1. AR AH

A&k & Rn222 F5% S-S 913 AR oA AR
k7] 918, K1 B78ellA GAg Y<730.5 L min )9
HEE o]8ale] HA AN AlEE Aot AIEF £ 3,
5, 10, 15, 20, 30, 405 73} $yell w2 2|8}5 5 Rn-222
FES Y FHE, A7IRAEE, pHyS S35
TESh 2 Al e AR Al WPl 3 809
FRIst7] fal, F-of WA P2 = P M1 WellH
M2 Well)ol| 4] 8-3Fo] th2M1: 1 L min~!; M2: 240 L
min™) % FEE o83t sl AEE AAHSHA
ol Askr F Rn-222 % S0 Qlo] H= & H
WA Fajol|l W A% Aol HA ARES PolrT]
A=, I AR AFet AR F 1 3,05, 10, 15, 20,
30 A 3o AlEE AFHsI Asl F Rn222 SEF
STt B3, Wz Gifol| wE Fol] gt F3kS
AL S1al, M2 EgelA] 1AIRE B3t HAg H, 2
o2 E= 8315, 2.1, 3.0, 11, 18, 23, 25 L min )=
olg-3tq Aok AlEE ANFH A

—

2. 8i% =& £HI Rn-222 5T 24

e @ FAGe, AVIHES, pHyS Folé-
Z7BI(Multi 3620 IDS, WTW, Germany)S ©]-8
ATt ASKE & Rn-222 5= sk AA

2
s

9
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T=
)

2
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LSC; Perkin Elmer, Wallac 1220 Quantulus)& ©]-8-5}|
5}9THON et al., 2020b). T 2 HA Fo A
alo] AEHEE EelA 3785190, Rn-222 54
Sl8) Alme wek glo] wlAel] ol AR A
12 mL2] 43338 (Qptiphase Hisafe3, PerkinElmer)S o]
T 20 mL vialoll pipette= ©1-8-3F} A} AR 8 mL&
o] EFSIGIT BE oI A A2 F 455 via
o 5% Yol 49 eAE Folad sgen, 1
EGE ARE 2% ol 50} AR} WRgele] 2
3= Al F Rn-2220] AFEdoz I FZEE
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SHATE Rn-2229] 739 71 ¥H171(3.84 )7 &7 Wi,
Alg AFH AR S ARES o]8ste] ol o3 w5
ZHas RASIT T3 Rn-2229] E3EQ Po-218(HE
Z71: 3.1 min) Po-214(HF27]: 0.16 ms)e] ¥H7|E
Tejsjl, A2 AH F oF M3 H Re-2229) Balgol
3] WALEE (secular equilibrium)S ©]F F LSCE
olg3le] A5k F Rn-222 FEE FAEIACH LSCE
olg&et & AR F Rn-222 F% SHYUL # d#l
HBHS- o] R3FATHCho et al., 2019). A8} vl &
(background activity)= =5 5AI7F B2F S35190H,
minimum detectable activity= 0.2 Bq L9t} Al§9] Ro-
222 =9 AF, AR T, A e, 5 AR BA,
488, AR FIHE o&st AReIi)

3. 40 9 o

3.1. % A|Zkpurging time)2| 23k

A&l & Rn-2225 Rtou B4 ERljsh= Ra-2269]
B3] oJa) A= FFETt webd, Xsk 4 el
7I1E EAlshe Al dute] HE A)Rte] - A
7737 whitol], o] AgkrllA] SA4E Rn-222 5
7 giEAde] 9ol &= Stk wEhA, £ Atels d%
A8 ShA K1 #4 AskrE ol83ste] #A ARt
w2 Rn-222 T} @ o] HalE Zg38ISitk(Fig 1).
P g A5l PHx AF £ 3,5, 10, 15, 20, 30
747 3 A7l w2 Aekre] 2 AV IHEEE 732t
14.3~14.5°C9} 213~215 pS cm™'9] IS VERYo] 3043t
Hel7E A9 §le-s & & AUTh 28y pHY A
HE A% A5 789 gHS QA 37 FRE 3057}
A= 8.1~829] 3k YERNSITE. Rn-222 559] 75, B
s A$= 8.2 Bq LY s BHYlov 5@k 1
Tt dEste] AE Fe BYen 308 FHdde
153 Bq L9 3 Ho, 271H) oF v =2 3he
Bt olefst Axe g Xelee] Uit = Rn-222
TELS FHE] SEiAE Ha 58 oPde] HA Azl
dasitt AL ou)it}. T3k, Al AF ] o] Lo}
A7REE o] Yget ks Holrjel= v J= Ro-
222 5% FRE QBIAE Rn222 57 SFEE S HY
712 F71EQ1 A Alzte] Yo = vks 3S
ou) .

K1 8 Ao olo], Alg AFe JojA] 37 At
Dl el FF A8 7FsAS ERlal Bkt Ak
% Rn-222 55 37 Qo] 5 © Ao Rl
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Fig. 1. Time-series results of (a) groudwater temperature, (b) electricla conductivity, (¢) pH, and (d) Rn-222 activity in groundwater (K1

Well) after purging starting.

w2 AGst Ak HA AIRES golry] $18te] M1z
M2 B A FHx o] EMI: 1 L min'; M2:
240 L min™") 5 PEZE o83l F= 5 F 59}
Hz AE Z 1, 3, 5, 10, 15, 20, 30, 40% AF} &
Ak AEE A8k Rn-222 SI3ATHFig. 2).
M1 #A9] 79 FZ ZF 3 [55E7MA= Rn222 557}
ZREA 0 2 A5dhe 3RS Holoy) 11 o] % I ghs
Yehd vk, M2 #7389 49 Hx FAE sE FHE
It gk Holr] ARSI ol M2 #H 9] Hx
Bigo] Mleol| HIsf wil-g- 7] wlze] i o= wke ¥4
o] dolt7] whFolet AT e, M1 I 9
A5, 3] 22 Ax, B4 AE, AskE =95 18
sl Ak B W RSk F19] oF 60% A
S A71HE IAF kS Holr] ARkl e, e
100%5 ¥4 g Holl= L7ggt 3k HATKFig. 2a). F+
gollA E}—E— Hx &S 7 ARS SHAAIEE Ml
I M2 25 1558 1—?% %@ UrEMM USEPA
o)A iu&— W

=
TEE 54

=
==

ATt AdR= AlE AFH Al = 83200 L min! o)
[e]
B

S BAS g o83 g £2AS x5
U= Ak FRE fJal Bast 1A AH15E oPhS
71ERG 7 4 ke AE ou]si)
3.2. Z7|of| o8t Azt
) e AFNA A3l T Rn222 & 7S 213
Al TFNA G5 FE wjde] 55 o83t X8t

TE ZH3 F HA ARE B F pipettes 0831
Al AR 8 mLe AFlske WS o183t ok

T, o] FgellA] HEZ gFe] F A, HlA) AslE
e A Z7)e ot ool 93] A3k F Ro-
227} 712 WEEAY 712 Ao QlE) 1 FEe]
a7b B 4 ot ol= ?‘*E}d A8 & Rn-222
= S0 o] & 2ate] Ale] & 4= Urt. wEhA,
£ AFollMe 7= Qg Rn-222«] =4 AFE Yo}

_HJl H8 M2 THIA, A= &7 WH3sh(1.5, 2.1, 3.0, 11
18, 23, 25 L min Yol W& X|e}=2] Rn-222 35S =
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Fig. 2. Time-series results of Rn-222 activity (Bq L") in
gourndwater with the flow rate (L min™") and pumping volume
(L) of groundwater of (a) 1 L min~" (M1 Well) and (b) 240 L
min~' (M2 Well).

A3lAhFig. 3). & FAlA 7132 Aol o3t BE
Fasste] sttt 1 A3 7P W2 1.5 L min ']
Hx 802 ZA% Rn-2229] F%=% 119 Bq L'Z,
g =& H2 84025 L min )S ©-&38S WY Ro-
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A} HIE A5 47} thA A|3HE o) X|qk, Hx
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Fig. 3. Correlation between the flow rate of used pump for
groudwater sampling and Rn-222 activity in groundwater.

4.4 E
2 AT E AskE F Rn-222 &
21'8}—’? AE Al 2k A F e B AR
Z71el] oJgt Faks 2ARRI tEA Ue A
;i—at WHE AlRKstaat shaict. HA AJzte
Az 8=k g Fulo] wt xfe|7h AJAAT, =k
155 o 313 o]F U3 Rn-222 FEZES Rtk 7]
g3kl 74 Hx S WHIM BAEE o], &7
o] Z7Feel me} #7] o] T7HRn-222 F= THA)BHA
©om, 3 L min"'o|s}e] HxZ G o] A
AATS & F UAAT wEbA, A A Al A3 A
23 AR Bt A3 JV“’ g F gl A9, HA ARE
G5 7] GF AAE 9 < 3 L min 'Y Fx
SR 152 o HAY F AEE sk A
gt £ A7 okt Aek g5 =9 3 3y
ANxe] AF7F B3t om, Aelkr & EcEe] I3
AlFol| st ZX“”Oﬂ g FE, Al
AggAe] == flg -‘596 Azt
gk Fto] F<3sithe gt 7
A& % Rn-222 5 %—?&M Ao, A 2-8790] =2
AlE A3 ol ol @ﬂw Ao ZA, T A|A
2 Alg AHFW S S T2 E ARE E8E
T S Aolg} k). gk HAAIZ O E ALE- Thsgh
A3 ol HAH Al weEt Ask AM8-Eol St
3 Ro g AEE vl Rl EAlshs gFoleEd
Te WHEE F A8k 2 A 2o tﬂﬁ*é U=
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