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In order to evaluate the distributions of colloidal >'°Pb (half life = 22.2 years) and *'°Po (half life = 138 days)
in subterranean estuary, we have measured *'°Pb and *'°Po, for the first time, in the total dissolved (<0.45 pm),
true dissolved (<10 kDa), and colloidal (10 kDa-0.45 um) phases in subterranean estuary of Hampyeong Bay in
July 2010 and of Jeju Island in January 2011. The *'°Pb and ?'°Po activities in groundwater were in the ranges of
0.21-2.52 mBq L and 0.12-2.07 mBq L™ for true dissolved phase and 0.10-1.71 mBq L™ and 0.03-0.97 mBq L for
colloidal phase, respectively. The proportions of the colloidal phase to the total dissolved phase were 40+5% for
21%Ph and 28+5% for ?'°Po in groundwater. This result indicates that colloids may play an important role in trans-
porting trace elements through subterranean estuary into the coastal ocean.
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ZRAUAP] Q1 210y (91717 222383 2°Po (HE5E): 138
Ay= P9 B AL &3}, 2Phe ofn]HFR] PRa (RH5E
711 162050)8] WAFg ol olal AAE AL, FPo o3RIl 2P
o kel el B3t dnbA o ® sfeFelA] Pbt *1Po
& Al ofsf & AA wHH, MPo AEAC] SJsiME 2 F
w1 ARk 4EA ek (Wei and Murray, 1994; Kim, 2001;
Stewart et al., 2005). |2 QI alloF HZollA] ofn|EiEQ] 210p
I} L] 219po0] WIAM|SE E (disequilibrium) Y EZHE] A
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oA JAA AL E(Cherry et al., 1975; Cochran et al., 1983;
Fowler and Knauer, 1986; Nozaki et al., 1997; Swarzenski et al.,
1999; Masqué et al., 2002) 2! I2Md F7] ©42] F-3%(Shimmield
et al., 1995; Friedrich and Rutgers van der Loeff, 2002; Murray et
al., 2005; Stewart et al., 2010)° gt W2 A7} FHE e}
<, Kim and Kim (2012)% 3l oA ZZ0] = (colloid) 4+
o] 2P} 2po2) FE SR ATALE e A, 4
Eof 5AQ1 vl Y (trace elements)5°] ZFEo| =0l ]3| of
T 2FFH63Y) et 7] woleh= &4% E i bis )

3|4 3}*(subterranean estuary)= 314 E&Z oA & A5k
“(fresh groundwater)9} =8+l a5 (recirculating seawater)’t
Rt &gt Ao A oHtiMoore, 1999). EAE W 3=
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el A st RhAl =, 5A%E pH W 8 Al
WH3lE 3] 8 7] &4 (dissolved organic matter)
o} u)gF Yae] AT AA JEFE v XA Tk (Charette and
Sholkovitz, 2002; Swarzenski et al., 2006; Kim et al., 2012; Kim
et al., 2013). o] 2 sl AslrE Tl At i o® IHEH=
ol= g8t Ade] ool AREEE A s wjellA A3
EA disk A= wg- F ot

Safiudo-Wilhelmy et al. (2002)°1 2]}, W|=F Long Island®]
A3l T F 4 Ad(total dissolved)?] PIFF YAhE URE 2
o]&= Aro]™ | o]i= humic &2 (substance)?} W3 IA7}F &
< SISt ANk o R FRo|ti= 85 7] EF A Wi
TS ARFEkaL lo] A AFE 'hAde] Fast ks o
TH(Guo and Santschi, 1997). =3t FZ o] == tof
(complexy& F/gsl] wiitell iatete] Fo] A3t 1)
WA AES A gHE] =3tel] Jaks voka delA gtk
(Guo and Santschi, 1997). 121}, 2]eke] vldl A4 skt Al

Hog HAdo] v Wk oplzl 54714, s, BET]4,
AP ol HA sl A BAEo] EAEe] Sl @401

wiizell, A skt Wiell EAlehs B sekeEe] AHstetA 5
7 Fxolt A Asel BallA= ZpAIS] visix|A] kst 1
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H, 2Ra TARES o] g3t Akl sl sl frEd 4.3-
10x10° m® yr' o]t}

s el $xgh AT Jo]
2 3R o7 90% o)ito] F5Ado)

o
I

%

==

LT

1,830 km? ©]
]

off J

P

S
5 Sl o R e
ZHY O 2 0]F017] ST} Kim ef al. (2003)°] I3k, A5 Atel| A
& seepage meters A8-3F0 573t a4 A&k 1Z(submarine
groundwater discharge; SGD) (50-300 m yr')2 ARk t)& At
(0.03-40 m yrHEt} v]-¢- =& F£Fo g B u vk AFE A
AeelM A E Sall fFEEE B Akt Aedd s A
ARt Axh AHEA Y (1.3x10° m® yrhell s 58A90.2x10° m?
yrhell Hl3l] & Ask 5] B2 v, HA Gl = Ale
e Bl A E Sl frEEle Askre] dits ABske A
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AEMF 2 BMElS

B Aol Ak X3l A 8-S Sl 2010 7€ 2
MEA 1, 2) AFEAA 2011 1€ 570(EH 3, 4, 5, 6, 7)
Aol AFSFHFig. 1). g Ak Alge 12 A oyt
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Farell ©F 50 em o2 ¢ $-E-S(shallow-well) TH= 5, 2ke

2= E(seeping groundwateryS SEAE HIAE ARESIo] 2-3 H
el &, ohA] 228 Askrg Ao, Fud deA
(portable salinometer, Professional, YSI)E ©]-&-5tod 7oflA 2]
A GRS SAssith Askr 5 P MPo ol W FER
EAEE| witel] oF 30 Le] AlEE AFste] °F 045 um Millipore,
mixed cellulose ester) G1FA|Z oIt & 10 Lol thel] & <& A+
pbal pog Zg3a, LpulA] 20 LE S Auh ol 4

2upyal 2pog: efshzr] AgBHT

EZ & I S20|= & *'Po} *Po 22|

o333k 20 L2 Tangential (cross)-flow filtration (TFF) system
(PLCGC, Pellicon) ©]&3le] Fzo|= Ayl &5 AF 2pp3}
20Pos EIEFITE. TFF 4|5 ARgdto] FRolE A& w8t
7] %o 1M 94k Samchun co.), 10 L 57, 0.5 M S~kshu
EFMerck co.), 10L E75 =02 AFsle] Fo}h 22 A] £
S B ILE AT 855 ) FRolE o] e wo
A skE B (lossye doh7] flato] 85 At FEol= A
20pbat 210pol] 7Pt SAgh} FRo|EE HElah] %S F &5
7SS vaskGith i AN AFE AR (n=5F °&
3lo] TFF Ax19] 488 ARt A7}, 2Pb 920014 107%(F
It 101£6%), 2'Po 859141 105%(33 1F: 98+8%) W2, vll-%
sl W3ItHFig. 2).
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2ppa} Mpy = EX

oF 10-20 L F=2] Alge] Ho} Qli= 2%Por} 2°PbS- Fer}l 33
AA EFAZE F5F 2Po 0.5 M HCI gjo] 5of, 23to]
platingA|] 5, 45}AI57 ] (Canberra co.)E ©1-8-slo] S7da1lc). 1
2L 20Po2] ofn] FFRI 20Phe- 2Ph AR ol|A] MPoS 3]
AATE 5 5L Sl YA 2Pl ks St} Yol
ofuf, 2Po- °PoE S} I4E FAAE, 2P MY PbE
3P| g FAAE o] &3t
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Ao nHE
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10t K|Sl & 2''Pbat 'Pol| 2

ggutel A A F s AL Xk F A2 28-30 WA o,
AFEeA] AH S AM A3k F G 130 HA= & A5t
Fnm=2)¢ & AskrF0=3)2] 545 HeRATH Table 1).
ST AFE gl X|Eol| A 2] 2Py R EE Aol A
0.21-2.52 mBq L' ¥19|2 Ho|1, FZo|t AboxE= 0.10-1.71
mBq L' B9S Bt} 2pesEE 85 AoA 0.12-2.07 mBq
L' H9E Holx, F&0|E A4 0.03-0.97 mBq L' =
Bk 2 AgA|dexe] F & Ao 20phr} 20Pel] TR
BPY] Guarani X815 % 55 (*"Pb: <7 mBq L', ?'°Po: <2 mBq
L") (Bonotto and Bueno, 2008)2} H|S=8ISIt), Bosh, al|A] 31 X
sl & MPb i Porlth Holl 80%7HA] kT ol S5
toket 219 2] Akx|slr Foll i LERITHRuberu et al., 2007;
Bonotto and Bueno, 2008). YHF4 0 2 20pgis1=7} 2P s i H T AF
& o g vhe A& 20pgo] 20pphof| H]E|| F-7] ) A(particulate
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Fig. 1. Map showing sampling stations in Hampyeong Bay and Jeju Island.
matterPA] 35 AALSEARF(hS Ho)7] wjolth(Kadko, 1993). 9 49

Kim et al. (2011) A&} oA 2°Pos =+ 5 mBq L' Hr}
wom ol ko] sk & wiizolgta B ausigltt. ofg) &

o ke

AlFE AbellA o Askre) G AskE(@E 20-30)014 &=
733 FREo|E A 2Pbit MPoE 7t vhEA Rt @ A8k
(37 6, 7olA Ht 20Pb (£ 4} 027 mBq L, E20]=
’4:0.14 mBq L1y} 2%Po (£ 45 0.13 mBq L, Z20|= A
0.05 mBq L')Ys =7 &4 Aal=(3A 3, 4, 5)elA B oF 109)
A= O Skt ARbH o R o] 7 (ionic strength)’} S7FEF
T= 8§ 771 249 333 (aggregation)©] S7Fshal A
SACHPan et al.,, 2008). ©]<} o], 4 AJapelr] AriHoR o &

T g3 ZRO|E A ppa} MpoEEE ol A o
Fel 2 A& wtolet sk

10t X[l & E20|= 4 *'pput 'Po| EESY

ARt AlrellA] & 85 AdelA 8 A FEol= A 2Pl
A S Bl &2 ZHZE 54-69%(3E T 60+5%)2F 31-46%(33 -
40+5%)H91S B Q31 (Fig. 3), 2Po 22} 65-79%(B Tt 72+5%)2)
21-35%(8 1t 28+5%)H 15 KA tHFig. 4). # Kim and Kim2)
(2012) Aol oJshd, B8l 5 4 T FZo|= AF 2Pba} 2P0
o] Z¥7} 58%3} 65%= APATTRL Halsgitt. 9] afiere} n]s)
HOLS wf, & AFrellA #5% FEO|E A 2Pbt 2Pol] HIE
2 Aoz vk ghs Btk 53], et Aek & FEo|=
g 20Pol] HIE-2 28] 7Pt ke S0l o] tigt FAE,
Safiudo-Wilhelmy et al. (2002y= "] Long Island®] A%t A8k &
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Fig. 2. Mass balance of colloidal separation of (a) *'°Po and (b) *'°Pb
using tangential flow filtration system in the groundwater of Jeju
Island. Black bars indicate true dissolved (<10 kDa)+colloidal (10
kD-0.45 pm) fraction, and gray bars indicate total dissolved (<0.45
pm) fraction. Error bars represent standard deviations.

| 7] 'kA 55 (dissolved organic carbon; DOC) (<50 uM)=
A

& Zol vl 2dl] W FhE RS, Kim et al. (2012)%
9t shallow-well X315 5 €& £7] 84§ 75 My’
QF ¥50] FE(CE: 144 uMYETE BEO | Kim e al. (2013)
€ AFTE Ak 7 85 771 &4 FECET: 50 uMyZE Agt
FETFY] FRCEA 60 pM)ET S BasglT). o) o],
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Fig. 3. Vertical bars showing the percentage of *'°Pb found in the
colloidal (10 kD-0.45 pm) fraction in subterranean estuaries. Per-
centage of colloidal *'°Pb=[colloidal *'*Pb/(true dissolved *'’Pb+colloidal
219pp)]x100.
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Fig. 4. Vertical bars showing the percentage of *'°Po found in the
colloidal (10 kD-0.45 um) fraction in subterranean estuaries. Per-
centage of colloidal *'°Po=[colloidal *'’Po/(true dissolved *'’Po+colloidal
219p0)]x100.

(adsorption)©]| 7J&}TH(Farley and Morel, 1986; Honeyman and
Santschi, 1991). ©]#{ 3+ £ Kersting et al. (1999)2] AT}ol|A]
& BoJA|=t), W= Nevada & A3 44l el FollA &l
B3l 5= (solubility)’} Sar kAol F2AJo] et EFEw (Pu)At
L FEo|ue] FAE] o sdrhs ARNE Bt oA, di

Table 1. Distributions of salinity and activities (mBq L") of total dissolved (<0.45 um), true dissolve (<10 kDa), and colloidal (10 kDa-

0.45 um) *'°Pb and *'°Po in subterranean estuary

Station Salinity True diss. ?°Pb  True diss. ?’Po  Colloidal ?’Pb  Colloidal *"®Po  Total diss. *°Pb  Total diss. *'’Po

1 30 2.52+0.05 1.86+0.08 1.71£0.05 0.72+0.07 - -

2 27.6 2.28+0.13 2.07+£0.20 1.42+0.11 0.97+0.16 - -

3 20.4 1.53+0.08 0.87+0.12 1.13+£0.30 0.26+0.44 2.90+0.07 1.11+£0.11
4 29.5 1.77+0.25 0.90+0.36 1.38+1.01 0.32+1.47 3.21+0.26 1.15+0.38
5 30 2.80+0.07 2.18+0.11 2.38+0.13 0.70+0.19 4.85+0.08 3.05+0.14
6 3 0.21+0.15 0.13+0.22 0.10+0.22 0.03+0.32 0.28+0.36 0.19+0.51
7 0.32+0.13 0.12+0.11 0.17+0.29 0.06+0.42 0.48+0.27 0.17+0.39
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SA T A XFkr T FEOIEE A/MOE YA HESA dA
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Saftudo-Wilhelmy et al. (2002):= "= Long Island®] |3}
T FRo|& ) njEdAs) {7 #AE #5S0y, 1 A9
ZH(Mn), ©FA(Zn), FFEE(CA)S Z2o|T 2Jo] 2pA|sh= B]go|
oF 40%0|H, F718AE oF 23%% YERth $43F 0% tEX
gk 2t x|ode] Awle} vlws)] B, v|SF Long Island®] |5}
T % Mn, Zn, Cd®] Fxo|E A vlE2 2Pbd B} FAI, 7]
EAE 20poy) 1]S3IItE. # <, Kim and Kim (2012) F720]
A pol] AFAIRRE 60d AL, ARk o w A Sl
FEO|E A PThe] oF 10Y Bt & o 71 Z1& Bisuglen,
FHZo|& A} 2po2] FE(deficiency)= £ 7] B4t £2
ATTATE HolFo], 2Poo] B=XSHY H%F A (bio-reactive
trace element) FARFEA 2] 7Hs/d& AASISATE o] g} o],
A shrell EAlSkE A8k 5 nRF Y4 Aol ofds] &
HA A Fpo B R FEO|E A 210pbi} 2P mITF Y4
Azp2A &g 7FsAo] § ZloE dEr)

I ne %

g4 B
2 AFelM = dlA 32 A kel Fx2olE A MPbIt
Mpg FEF A 0T ST F2o|E AF 2Pb} 2%Pol] H]
52 217} 40%2) 28%01H, o= FEo|=T) A s ol &
A= v AE SR FFshe Q% 9gs & o=
st sEAE, S A she] Ask 5 FZo)Tol| tisk AT
= A9 o]FoA] QA eksprt. FS, FRo|=e) thgk X421
ATE B3| FRo|=r} v|EF Y Wk oy} WA iF 1l
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st AFE A FaE ojof & Aot
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T w7 AAEE UL o] =i 2013 g0 Ajflez
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