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ABSTRACT

Groundwater—surface water interaction was evaluated using water quality parameters (temperature and electrical conductivity),
distributions of stable water isotopes (8°H and & '®0), and Rn-222 in lagoon water, groundwater, and seawater at three
coastal lagoons (Songji (SJ), Youngrang (YR), and Sunpo (SP) Lagoon) in South Korea. From the results of composition
and distributions of §*H and §'%0, it was found that groundwater fraction of lagoon water in YR Lagoon (76%) was
slightly higher than those of SJ (42%), and SP (63%) Lagoon. Based on Rn-222 mass balance model, groundwater
discharge into SJ Lagoon in summer 2020 was estimated to be (3.2+1.1)x10° m® day™!, which showed a similar or an order
of magnitude higher than the results of previous studies conducted in coastal lagoons. This study can provide advanced
techniques to evaluate groundwater—surface water interaction in coastal lagoons, wetlands, and lakes, and help to
determine the effects of groundwater on coastal ecosystems.

Key words : Groundwater—surface water interaction, Rn-222 mass balance, Groundwater inflow, Water stable isotope,
Coastal lagoon
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1. M £ © AL, THAFET 55 Tasle 8% A

Agks shar k. Aek= Aoz s Wt of

A= &9 <%H(hydrological water cycle)ollA] & Yyt Ak Bz F8440] B2E 1 ot AA
TE ARsle T3 AgAolH, A9t Ao FHIEA A e Iz s S V1Y 88 EEEEA,
YL, T35 el AskrE S AR FYsEe

FARE e, AdATd AT E sglMe] Ak F=9] el gk A7t
SR o, WAk Ay 25, A7 ISR EHA, g siem okGanguli et al, 2012; Jeffiey et al.,

2016; Santos et al., 2021). QKA &, 3=, 4
3 59 AFEFl vlEl Aslr Foll AdiFoR =&
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Sleke fRlsTihe dokel SHel WS W
S 2T % JAtK(Schmidt et al., 2011).

A 4 d B, RS AYElAl(Groundwater—
Dependent Ecosystems; GDEs)oll thgk tjekst o471 &
W) Qo] Yok, ABRIIE AHACEE ASkES
AN, A 74, 7=, 71s0] Askre] Fwel

o

sk AuA EE AR BB 2Ho] Al T4
Thse fA) S8l FRAOR HE AHoR Askol

ojE=sh= AHAIE oJv]SltH(Erostate et al,, 2020; Klove
et al, 2014). °]&3F GDEs= 55, &= AuA, 12
I Aslrel| YEshe S A=, T4, 71s AEAE
Feehe sk, A, 34, A(spring), 54, A5 5 A8}
FAET ALY T80 AxEe AlLEoRE &
22 Jth(Eamus et al., 2006). ©] & AU X
3 e FAY A5 A, 53] kel A2 A
G@7hell A WRE9] Ak FYS AxET Fe]
FE8 BAsEAY Adete] Akl AejAlZE 141
2 4 == slar Slt}(Erostate et al., 2020).

Aoe Al AR R vibe) Aeld 3542, A
AAHOZ Sfiehae] oF 13%2 XFX|FIL Ao (Kjerfve,
1994), 73 S AZs= o] A Y(transitional
zone)°]7] WlZel Ao WRE FlEe 47199 As)
o AFFEH, ) Bk opde), o] el o)
M= A GRS vt A Hae gkt 2535
& ZAY, ofF, AEe] T e WS 553 A
AE AR 3tolH, 444 77 & o AkkA
o} DTAEAY 7IXE Ad ¥l ofde}, AT
Hof|A AvA IS AlFsi, s EXES] ¢
AESZ ol nuEF oz Fest ARE o]8H F
THKwak et al, 2005; Song et al., 2019). 212}t
v 224 S| WHE Tso] FAAENeH, A5
ZHdhdEo] 9lom F& T =V AekE B3l Y
I AAsEE SAS B 7Y, sk, vF 5 Ajolds
Bk

e, M

=R =]
T

73°l

/A T

T Y= S3eIYE S0 dAle
FelE LoHon, WiLR <13 A5 A%
AZFEHA FEHAY T S7HE g ALl
9, sHrlMe] B wgke] A, FAR IS
A F7F To& RlE o] ok 4 e 7FsAdol
o] & AAFQ] B Bo] 8Eo] Q= Agolth
Mzo] FART Bsl, AETE HIES Y= M5
o] 4 Wyt Ay}, BE Asojx st e 4
Ao g ZAME Hl UYrkHeo et al, 1999). 52
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A5, 20089 o5 HFT oz Q3 AF dslE Sk
2 o]F HXPF dojUrE s, 201438E 2016
W7 99 Ha4e] 4 S AR A £
A7ol sS4 Aol 44 F5 Img L o5
FAkazo] dAEItk BaE vF AchHuh et al,
2017). &3, o5 X3 St A5 1039 v
& B4 Ay, 92 7Y FReE Q8 A wgksol

3
AYXSE X
Yo} B|ZHE3} ¥4 F Cu, Cd, Pb 59 3l 555

pud

o] & TEE FAFo] dtkar BuE v Jth(Kim
et al, 2008). %, 2022d 129 $AZToME FH

e A3 GA0l0w Fgsie Aol AT AP} W)
of, 459 AAH FelBLAHEE A7e] Fae

AR v 1
Al 55, §9 Sl oleid siole Au
olrfe] Aalrel FRAE QMBI $A, B, A5,
(bay) 59 5 AN A AES FEAEL olsl
317) 8l & <HEILACHSH #0), Rn, Ra, Na, Cl,
Ca 59 238ty 37 FZ*Henvironmental tracer)=
olgsl A WE el Aelrs AdHe=E Bt
3= A7} $=38% vl AoH(Corbett et al., 1997; Fer-
oneDevito, 2004; Hayashi et al., 1998; Heagle et al.,
2007; Kizuka et al., 2011; Krabbenhoft et al., 1990;
Schmidt et al, 2009). =Ulolle 714 &, AR
= 5 BEhEo] Ak I, FA A T8
Wrkshs A7t 254 JeEo] 7lal YO (Hwang et
al., 2010; Kim et al, 2011; Oh et al., 2020a), 574,
A3 SolM Aslr e A Briehe A= o
HEg et o]y A A5 NS B3l
SHsk=t 7]de] He AT
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S8t B FAAE o188 FAE 43

mm¥} -4-26°Co] LS HolH, A= °F 50cm
Zolti(Yum et al, 2015). A= F3lot ddjo] 71-Y
< AN 1Y dEsPIeko R o] JITHWREA,
2019).

e 3Adel SRS A B kol SRz 2
AR s, W3 oF 0.6km? S8 5.56 km, 79 W3
54km?, o 4 26 mZ B v} o (Yum et al.,
2015). AT FHE i & 2K, FA), A, vtk
ool glom, FAT WRE K B dEo =
THEEARE AR o]olA] o] A olFd F e FA
Z Holith Az UIRZ 57 9E & e Y%
27} S5l F2o lov, FAE Al ofsl sl
= AE] a1, A5E A7 JAEEe A7l A
S F7F ok AEle] AEte] w@grh Ajte
2 FY¥thJeon et al., 2021). FHFITE AT &2
AR Qo F9 HH oF 9km?, A °F 1 km?
9 74km, 283 °F 4m HF FAEFD 4
§m)yS ARSI UTHWREA, 2015). FH5e] 2
O AlZERjolH, BAEe =) o E o] 8Eal Rl
o, @) Zx2 T Aol 98 Ut dEEe]
%]

[e)
T g 54 gtk PAE F5el AN st
A
q

5ol X7} SAsHEHZ W3l 192095 89,000 m;

Aefole] Aeke A3 58] g AT 3

20009t 26,000 m*) EATHF, AE] a1 EH Ao =
el $HZ 79,000 m*E E-AFACTHWREA, 2015).
TETE FAE9} AR s AR Q18| ik
o] Ado] apdEle] glom, o] vrol tigpxe} o
e A= AAA7E Ha Qo] st e R oS
7143 Qlthk(BaeKang, 2018).

2.2. A2 xHF

2020 69 T 79 xo AX A AL, 1Y)
AEE, pH), 78 85 F2ole, B F9ALEH}
§1%0) F&= A8 Hdl $A%, JFE, FXIA A}
, A%, sl AEE AFSKATHFig. 1). Askre] 4
, &g o] JHH & ARE AFEIA 8% 72
Fojg A=A AE (Multi 3620 IDS, WTW, Ger-
many)E ©]&3t AT T8 8F ol (Na',
Ca¥', Mg¥, K", & S°](CI, NO;, SO,*, HCOy),
= YA A4S f8 AlEE 0.45pum membrane
filter(Advantec, Japan)S ©]-83to] TH 3S}t} ol
Mg 47 B F2 JAE WA Qs @3l
Al AZHHNOs)E F718te] AlEe] pHE 2 of3t= fA
3IIL(Oh et al., 2020a), o0l A5} B UL B
2 A7} 7 4°Cc W2 Basle] 298t Jeon et
al, 2021). A% Y& #49E A8l Fd2S 24817

o o
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Fig. 1. Sampling locations for groundwater and surface water (lagoon water and seawater) in the Songji, Youngrang, and Sunpo Lagoon.
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flsted 20209 8 FAE FZ A3kt HErE AFH
3] Rn-222 FEE S5

23. F2 8F 0|2, 3H, 50, Rn-222 £ &4

A3k, AE, g AR T8 88 gole, 50l
HCOj(total alkalinity) 5= 244 4 =2% Sek=r}
F33=A(ICP-OES; Optima 7300 DV; Perkin Elmer,
USA), o]&aZrkET12)9(IC; 1CS-1500; Dionex, USA),
AF527371(T50 Titrator; Mettler-Toledo, USA)S ©]-8-3]
o] =Halgct. ca, Mg, Na', K', CI, SO.%, NO;y
Fxo A= A= Z2Z 0.02, 0.1, 0.1, 0.01, 0.01,
0.05, 0.04 mg/LZ Z73=|3lth. FHeF §'°0 F& w42
7] 2SR ATl SjFsle] P E A Ak
297](Stable Isotope Ratio Mass Spectrometer)Z 23}
At Z4zre] B4 FUxs Z7F +0.1%0, +1.0%03.2H,
YL AL VSMOW(Vienna Standard Mean
Ocean Water)oll 3ET3H%o)ste] YERAITE AR F
Rn-2229] % 378 A1 A A7o] SAE919
o}, WEREY] S8 a4 Aex dul AN
FA7](Liquid Scintillation Counter; LSC; Perkin
Elmer, Wallac 1220 Quantulus)E ©]83}] =333}t
(Oh et al., 2020b).

de o

2.4. Rn-222 E& $X|

A3} XSk F Rn-222 55 HECE, M5 5
T T TR B0l AskrE FdEF AP S8l o8
HE Rn222 B2 A3 HE ARSI A5 U2 #
dE= Ak FAdFS 2P HA tH(BurnettDulaiova,
2003; Sadat-Noori et al., 2015; Santos et al., 2014).

it F ot F gyt Frp = F,

out

JrFa’echFatm (1)

o] wj, 357} P ukroln] HAAEl (steady state)Z}
7V, & Rn-2229] 3393 AAYe] Ak 24 3l
Al FEFS AP Fi, Faw Fan Fiee Rn-
2229] FF9oR 77t 5= fue= sl 9% F
w, ABlE B3 3, viE BHERNE il <
gk T+, oP3E(Ra-226)2 2 HE] Rn-2229] Aol <]
3k T3S YepAthunit: Bq day!). Rn-2222] A|ALL]
Four Faer Fami= 22F 557} dioto g W& 34
o2l Rn-2222] A|A, Rn-2222] AR <]3t A
A, t712e] ghlell 23k Rn-2229] AAE YeRdT
(unit: Bq day™). ©] ®, F, @} vi=t EHE2RE] gt
o o3t Rn-2229] FF(Fu)e EHES Ra-2269 T
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et al,, 2015), EAES o835t Ay 43S B3l 2
TH(Corbett et al., 1998). & AGoXe= 7 EHHE A
2E AFHA Fslo, 7I1E Ax SHE HHES
Ra-226 F=9] Bzt 2] 28 o83 Fue b2 54
3} T (Cockenpot et al,, 2015; Oh et al., 2020a; Oh
et al, 2021). 7, A= $XT HEH, PRa,.= FH
E9] Ra-226 52 HHh©F 35Bq kg2 9Jvldict

Lo

226
F = A(0.495x " Ra,,+0.303) 2)
3. 284 # OF

3.1. 8% 3

FAE, G, TESY AFFHGW), AZF(ALW), L
3L FFSW)e] 2, I7HERE, pHe AR AFH Al
HAo| A ZAsItHTable 1). A5, FFs, £F35 3
A MEFLW)S &, A7 |AEE, pHe 212 22.5-
29.8°C, 0.1-24.6mS cm’, 7.2-8.8%] WS Bt
AHoZ N4 g0 75 7] 71e] ZA ¥idEo]
SAENCH, pHE AAH R RIS Kol F
As7} 71 = ERS Btk 995 £¥35 HE
F AR A AR F 97 7R AF-(YR-S4, SP-
S6)°] 7, the Mz AR vlsl ddiFoR v
A7REEE Yep=d], ol Al e 4% U2 #
Jul= 2R ] g witole} Itk $X50) A
5= AAFHSZE s 7k SAES AVHER)
< Hylom, Fx 5o A dulFeg Il ke &
A A7HER)S et ols A8y skl
5 g0 ko] LAIE Ao R ditEls ¥ 50 Hig),
A 5] 75 dlgsoly AxEE 53 sigele] wdh o
olg} FAHA, F7H4R1 A7t Basitt sk
S50 A7HETS] B, R E eI Eikt
o= Feshe B, 71597 22)e] T3]
Uepton, ol x5 X 5et g s 437}
AFHez Ad=] a1, FFEE FY=H= Y o
o] 2 wkdE Zolg}t A

ATAR] 33 A5 ARHGW)Y T, H7IRE
T, pHE 22} 15.1-20.5°C, 0.1-13.2mS cm’, 6.3-7.1
ot 2%9] 79 Azl Hjs) B =3
HAoU A87t e AT AR AR FFS v
3 Qe AeR FHHEY. pHe M3 3ol wls)

S SN oH, AdEEE Mool vl uile- vt

of Hd ofx
ot
2

m\(
p

lo
oL
do

i
f
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Table 1. Field parameters and water stable isotopes of lagoon water, groundwater, and seawater at three coastal lagoons on June and July

2020
Lagoon® Water type® Sample No.  Temp. (°C)*° EC I pH 53 0vsmow Hysmow
(mS cm™)
SJ GW SJ-G1 18.1 0.9 6.9 -5.8 -38
SJ-G2 15.1 132 6.6 -4.7 -31
LW SJ-S1 28.1 19.2 84 -2.0 -18
SJ-S2 27.7 19.0 84 2.1 -19
SJ-S3 27.6 19.1 8.6 -2.0 -18
SJ-S4 27.9 19.2 8.7 -1.8 -19
SJ-S5 249 20.0 8.6 2.4 -19
SJ-S6 27.1 18.8 8.7 -2.0 -18
SJ-S7 26.7 183 8.6 22 -19
SJ-S8 26.4 183 8.7 22 -19
SJ-S9 274 18.7 8.8 -2.0 -19
SW SJ-S10 21.2 352 84 0.2 -1
YR GW YR-G1 17.3 0.3 6.3 -8.0 -51
LW YR-S1 23.8 24.6 7.4 -4.1 -30
YR-S2 25.5 16.9 7.7 -59 -40
YR-S3 25.5 12.9 7.8 -6.7 -46
YR-S4 25.0 29 8.0 -1.7 -51
YR-S6 26.1 15.1 7.4 -6.4 -44
SW YR-S7 21.4 38.9 7.8 -0.4 -4
SP GW SP-G2 20.5 2.5 7.1 -3.8 -28
SwW SP-S1 19.5 34.5 7.8 0.2 -1
LW SP-S2 26.7 1.3 8.7 -2.6 -25
SP-S3 27.0 1.1 83 2.5 -25
SP-S4 28.4 1.2 82 2.2 -24
SP-S5 29.8 1.2 8.8 -1.9 -22
SP-S6 22.5 0.1 7.2 -6.1 -41
SJ: Songji Lagoon, YR: Youngrang Lagoon, SP: Sunpo Lagoon
®GW: groundwater, LW: lagoon water, SW: seawater
“Temperature
YElectrical conductivity
A SR Akl Aglrol] vlal e How W 32.F2 EE 0|2 £Z £4
of Mzge] JFks Wl Qe ZoE wdEnh $A% A5 A <] iFél FEE defelr] fsted, a4
Aslre] A%, Sl AT BY(SIG)Y AT ol ARY M5, Askr, A F FL 8F Yol
E=7F il $RIgE Asl B (SI-GHEY FujEes I &F Sole % %4 AZE Piper diagramol] A
109 ob3 2] DS, ofe s-G2 #Ael Sish SickFie. 2). ¥AE A5, A, s ARe) mE

A,
of] Ax|=o] i) FEFS Wty HHTOla‘r ek, 3
F(SW) A8 Z9, 3%94 235 7 ApolHo] ZA e}
WA gtk @%F 48 33 4w, 33 Hae A¥E
2 Bz 9A] 2 sk el FES wtor,
old| we} Al Eg3lg dsatgo] tEZA veht
A% - G v Ao} AlEET)

N
0_|_,

Alg9] A3} 2 F(charge balance error; CBE)©
4ﬂ:2% B EERhE £49] ARlgo] e oR &

dE) Al thEEo] Na-Cl typel TA ==,
] g v At FARHI, Aset Zslg Als
7} 4 (saline water) == 3l9(seawater)?] 3&-S Hiyl
W= ANEE W, Fso] Ask Alge] 739 Ca-
Mg-HCO; typedll T4 et dRkz o=z 7350 =
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T
. oa Cl+NOy —

Fig. 2. Piper diagram for the lagoon water (open circle), ground-
water (open triangle), and seawater (open red square) samples
collected from the Songji, Youngrang, and Sunpo Lagoon.
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3BIFIEN
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IETI2USN

128°34'15°E

128°34'50°E

A gEd e - 283}

Al W3k AEAS G2 A9 Ca-HCO; typee] Ak
HA, AFAIRE] 21 ARAEREe] 79 Na-HCO; type©l
A8 Ahn, 2012; Lee and Lee, 2000). webA, F=
3 Agre Gy alley] FPRoe Weidelu &2
ulo]Egfe] -9 Rhgo] AujAQl AoR Hrhdn)

3.3. 3’°H8} 6'°0 5= 2=} K|S+l &8 HIg

2020 697 7€ $AS, FLFE, £XET| HIg, A
slp, e 5 &HeF 80 @t 3% Ad= A Fig. 3
7 4ol EAEOIA Utk FA 5] A Mo 7] F
s 29 Aol7t gllom, dHsot £¥s o] At
YEoa 248 5994 Ao APEHE BIEARS
B3k ole Wgo® 245 sidste #H% §"°0
ET= skl (dEE 1t %0 ) 59 B
5 T gol ¥eky] wiEolzt T gl JEso
Mo A8 g2 F A3 nlE) Athzes AEd
FHeF §"%0 e vERleH, V& Bad s 7

118521

128*5315°E

@ Surface water

TN

TN

Y ;
® Surface water
B Groundwater |

&

128°35°30°E

Fig. 3. Spatial distributions of 8'*0 of surface water (lagoon water and seawater) and groundwater at Songji, Youngrang, and Sunpo

Lagoon.
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e
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Fig. 4. Spatial distributions of 6’H of surface water (lagoon water and seawater) and groundwater at Songji, Youngrang, and Sunpo

Lagoon.

W HFAEe] et §°HOE 8'%0 FH(°H = -54%0, §'°0
=-83%)% FAMIS BT Jung et al, 2021). w2hA,
W& 7R 995 FH 339 SRtk As)
T 2 AplrollA dE sRdge] o] F B
ek,

Agkr T FHOF §%09] e AEH A
(Local Meteoric Water Line, LMWL) (Lee and Lee,
1999)3} A F<=3k4=A (Meteoric Water Line, GMWL)
(Craig, 1961)° TAISH A=, 33 M59] Adlg~+ BT
gl =AHATKFig. 5). FElue} Asl o] F=
o5 79l o3l AujErhes S el Jung et al,
2022), 3329 Az BT AFGE 58 FF0| oFoiA
I U9es ¢ T Utk AHsg F FHS %09 3
SAG9} xS0 75 AFE LMWLEL ool TA]

S, ol A5 W aas EE AaSE B4
e 2ol 45 YellN AFsHA Qi 2 9 3
o} £l 93 o] 2L ofmFIT). W, Ao
o] A%, 123 LMWL $lo] A Hglow], A
SO A BOlEs 2AS Hole Ho Ueht, X
3ol Tlst SEwr) SAEL} S Hlsl 2 Hlos
A7},

545, A5, S50 A, As4, A5 F 60
ZH(Table 1y vlo2 A35alee] B EFE 714
3 Aaiee} sl 590 BRI FES ol8ala] Aas
o) Askeale Exhle 2PaITHA 3).

8,50 =8y 0+(1-F)d 4,0 3)

A7IA e Askrt ARAlskeE HIES JERAL, LW,

ﬂ

g

ol
-
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8 AEE - ogH - 259 - T8%
3o
—— LMWL of Lee et al. (1999) &
A e eine

GMWL of Craig (1961) «

10 4

2
S
- .
v o
> 20 »
“
E 30 - 2 *
= .
40 O  Seawater
A Groundwater
S0 @  SJ Lagoon water
i @ YR Lagoon water
© SP Lagoon water
70 + . : T " T
-10 -8 -b -4 -2 1] z

3'%0 (% VSMOW)

Fig. 5. Stable isotopic compositions of lagoon water (green, blue,
and red circles), groundwater (blue triangle), and seawater (open
circle) sampled in June and July 2020 at in the Songji (SJ),
Youngrang (YR), and Sunpo (SP) Lagoon. The solid and dashed
lines represent local meteoric water lines (LMWL; Lee and Lee
1999) and global meteoric water line (GMWL; Craig 1961),
respectively.

o)}, 9k
BE
S

GW, SW= 232t M54, A8,
At nfe} o], $A|5}
Mg F §"%0 el WskE 7HE o,
JMe T A9 -] A 580 e
s, P B3RS 7Pgelal Akt ARshe HlgS F
gl 4 38 Bl FHE M55 F AT AR
Bhe WIS WAL FAT(4243)%, BFE(76£17)%
TES(63+8)%=, FFIIt o RE Al A
A AL gl Ao® wgE) ol2jdk Avk= 94 8°H
o} §130 Zke] AT Aol Ax|sls Aoz, Eoky
Zo)9a0) APF A5 E FEke T 71D 2

=
=

—

vy

Uz]

Rn-222 B4
Ak =
ST % Rn222 %5 ALl
¥ AEF F Rn222 557}
o2 F4HUa, FHgse] 4
{3 A7t sjde s A=
o] T MzelAe] Al FdB
H, $A59] A5
o]-& 7Fsstal, 57t we Hizo]
state)2 714 Stoll, 2] 19] Rn-2229] FFYU(Fin, Fow
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Table 2. Field parameters and Rn-222 concentrations of lagoon water and groundwater at Songji Lagoon on August 2020

Water type® Sample No. Temp. (°C)° (mSE Sm“)“ pH DO (mg L1y (I];I:l_zf_%)
GW SJ-G1 18.3 6 6.9 0.5 11.0+£0.6
SJ-G2 16.7 28 6.8 0.1 15.2+0.7
LW SJ-S1 26.9 24 7.1 43 0.6£0.1
SJ-S2 26.2 25 7.7 54 0.9+0.2
SJ-S3 26.0 24 7.5 44 1.5£0.2
SJ-S4 26.6 17 73 3.4 4.0+£0.4
SJ-S5 27.5 27 79 59 0.3+0.1
SJ-S6 30.8 22 8.9 11.3 0.7£0.2
SJ-S7 27.8 26 8.2 5.6 1.0£0.2
SJ-S8 25.8 9 94 12.3 2.2+0.3
SJ-S9 29.5 6 7.4 4.0 0.9+0.2
*GW: groundwater, LW: lagoon water
*Temperature
“Electrical conductivity
Dissolved oxygen
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