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Submarine Discharge and Geochemical Characteristics of
Groundwater in the Southeastern Coastal
Aquifer off Busan, Korea
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We measured the salinity, pH, and concentrations of *Rn and nutrients in groundwater in the southeastern
coastal aquifer off Busan from March to September 2005 to evaluate its submarine discharge and geochemical
characteristics. Salinity in coastal groundwater increased sharply at 20 m depth and exceeded 25 ppt below
40 m during the study period, indicating that a strong transition zone between fresh groundwater and seawater
developed between 20 and 40 m depths. Fresh groundwater in the upper layer of this transition zone was
characterized by high pH, *Rn, dissolved inorganic nitrogen (DIN), and dissolved inorganic phosphorus
(DIP) and low dissolved inorganic silicate (DSi) relative to seawater in the lower layer. In addition, the
vertical profiles of the **Rn, DIN, and DIP concentrations imply that a strong advective groundwater flow
occurs along the interface of fresh groundwater and seawater near 20 m depth. The geochemical constituents
in coastal groundwater also showed strong seasonal variation, with the highest concentrations in summer
(June 2005) due to the changes of groundwater recharge and sea level. This implies that the input of
terrestrial chemical species into the coastal ocean through submarine groundwater discharge (SGD) could
change seasonally. To ascertain the seasonal variation of SGD and SGD-driven chemical species fluxes,
and associated ecological responses in the coastal ocean, more extensive studies are necessary using various

SGD tracers or seepage meters in the future.
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< %3 3lA 274" (submarine spring)2] Fe) = Ag A
22 {YEY (Burnett et al., 2001, 2003; Taniguchi et al.,

2002). °1F &1 Feg A sl &2 4 @ d5E

AAL oy Xgolr} tjekat A7t M=o gor
(Kohout, 1966; Zektzer et al., 1973; Elhatip, 2003), ©]# 3+ &
2 I X dAetdFolt s 22 AATA 57
o] e A2 Z X2 Aok (Shaban et al, 2005). L&
v, i R7E29 A Astee dits wet §& A A4
TEHT Fu2 §49ch

A Ao FEFE A wel & H3E Bolx,
gAE ALERT & o] B o2 Uyt &8 59,
South Atlantic Bightoll A &} &) A&l % FA A<l Ra
ALY TEE S A, BEH ALFHRG qEH
H E3em ol¢; fAE A ZA# 7} North Infetl| M= B3
H At} (Moore, 1996; Krest et al., 2000). Kim and Hwang (2002)
o] 54k szt FHHANA 52 siA Rt FE 4
22l PR (tip = 3.8 days)¥ CHeS A&F 07 #23 A3,
PR} CHE=v 24 W37 B Jlon, oz 24
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B39 9B A FIE 45D
ettt ¥ osgel =3 Rhode Islandoﬂ/ﬂ Ra %H
g ol 24 741%4_‘:5 EEEEE 04%—%401
744 Fe Aoz eyt (Kelly and Moran, 2002).
Ao mg A At FEEH A At Ak F
= AR Ee] FEE A Ades B Yo TF
He R EY] FHHFS Loplsd o] &Ho] sttt
(Charette et al., 2001; Kelly and Moran, 2002; Hwang et al,,
20050). AG7A A AFS: F &2 FPREY FEE

AAHeE 2 WEst fokR Azele A A B

=

FHHE RS T Al ot 1 o] Mg}
T FASA ok 2y, A Aere] fEER AlSd
Hog & Aolg Holx, A% A F HEES] T

E3 A Aol frESEst AW A6 me ged
Aok 53], Azt of2 3RS TR o
2 IEHE olvF Was sty o2l aEE ¥
stoll me} Atsi ol A s BeiA whe R AL FHFL
92 d=7h gepd otk

ez, o] Ao B2 A Asse) fEH27
€ AdAY dheS W Ak T FFAFRE HIES AT
AseHy JREe) MA wEwstE A¥ED, olF 354

29 xS 2483l 2908 doled o) o]
Qe RAUE W R BAHANA] ZoldHE AF=E A

3t Alztell W2 FstgdEe] FxwslE AT
Mz 9 WY
A-TX A
ATA YR FAREG T HARH T ok T st
AxeH FEFo = FHE eSF B2 uiket A3kl
_?_

A} (Fig. 1A). DT7AGE TS T A FL2 459 7
T2 FHZ0Z o|Fo|A X, = A7 ¥F F
daro] gty A F2T WHIHF (<6m), THET
(10-30 m), 718k} (>30 myw= o2 o] FolA ok a—?sl uj) ¢ 5
Ao TA7E A7AEe] NFL 22 5m olgte|y TF
I GEE YL 10m HYE Bt} FALY o] AFAY
Wl Wi golne BAXFe] Ao r MEA FHoZ
AR O] YA W5 Aoz e Aok (Shim et al., 2002).
webd AfE geEEe AR ok oF 30m A=A v

o] Y 1 ol FHE UIFE Fedol e I Yess
o1 vk 1} E}% A9 g AFAGY Fgt

FEANNE AFLEFIT BEAT B 54 B
o} (Shim, 2003).

A, At Asg AlE
Ehs g 78w 2 %‘*—lﬁ %e}l?—%oﬂ x| ehH, B bel A
5o 2 oF 180m X AAH 4% 120mY BFFoloh
ZAA A NN 248 A35E Ak ofel 3.14.1m ¥
T e vz, FR AYPHG FA £

(watershed boundary) 5-& ~r35|§_1 AZA Y A& 6%

e FEE 0| th(Shim, 2003).

TAMEE A EAuie
haf il S Tt L o e
ok s W A 2 8 e AR WEs

& motslr] S5ty Rake) BEE FeHr 2o $X% 14
et oA AHE W B A 20059 3YHE 9YA
Add 28327 (AR G2)E 18t F 63)d] AA
5702] Zlo] (10, 20, 30, 60, 100 m)oll A A5 E AH3d T
(Fig. ). AE5AFA= 4839 st 7t ELHA G
3171 3t &E2Ho] Jheet AV
o] &3] oF 200 mL/min®] £EZ A3 A RE |
AT AlEe EYdEd 714 g2 §
4 A7tA B B@stAh

Fo3 GE-L Fuig AEA Model 47C, Istek), 18]

F0)2E % (pH)= FH-E pH meter (Model HI991001, Hana
CoyE ol &3t RN AP SHALH, d¥HF
(NH4"-N, NO; -N, NO;™-N, PO/ "-P, Si(OH).)= 4] A GF/F
AR 2 A3 & JU¥F 2AF ¥47] (Model Futura,
Alliance)E ©|-8-st] BAtATh 71X HA4A FFEF
AE HA4E W Asted 349 AR FHA e gR
Yob A (NHOSH 24 A (N0 +NOsHE 733 eH,
0|52 & &F F7] A (dissolved inorganic nitrogen, DIN)
2 Zojskainh BR, Q4 ) (PO, I AT T4 (SiOHWE
z}z} 8-& F.7] 2 (dissolved inorganic phosphorus, DIP)3} &
& B7] JF4 (dissolved inorganic silicate, DS)E 4 23t}

WAL B9 4490 Rne] 2412 Lee and Kim (2006)°)
AAISE B whe} s F, I3 o 2
@1yl ¢ 3519 A3k AEE AT v AEAE §7
th7128H==47] (radon in air monitor, RAD7)E ©]-8-3}o =74
tg.on, x84 Fo| PRn FET UhSe WA S o83}
o ALt

CAir V;lir + kCAir VWater
VI/Vatcr

SH A (peristaltic pump)E
Fatc
Agdz g4kl

OI/Vat(ir -

AN CoueSt Cuts AR 29 A3 B2 3] PRa
EE (dpm/L)O1 L, Vet Vare Al2E W 2819 3717}
Az BIL), ke Adhre] LEZRE ANE F7) F
222Rn _1_6:_]: H‘I ]E}',

sHE, #AZ e 24
(http://www.nori.go.kr)3} 7}’ (http://www kma.go.kr) ol A]
AFehe A8 T ATAGH 7P 7 A Gl B3
Aig o] &3ttt

[N

7Y n#

xAMT Zhat
sitAF o] At sl AWrH o2 F2]EF o HAAL

(hydraulic pressure gradient)oll 2|3l 3J|¢eoz &

(Simmons, 1982), 1 F&F A
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system used throughout this study.

Ate] ] wWsle} A5 Ay, H e g
of we} ZA 2ebAt} Bumett et al, 2003). 3 Aot A5}
= 3= (wave set-up)tt 24 HF (tidal pumping) 5o 23|
Yo Z FEEH I (Li et al, 1999; Taniguchi et al., 2002; Kim
and Hwang, 2002), 71 F& % 5} 24 FgG o] A7)
el gepxich o]y g At Aslrd & Wi =55
Y & SR RS & JFE = F JoerF,
o] A7-717ka<t AFAY FRoA 9 AT FFe ARt
2 W3lE AH R (Fig. 2).

AF7ZE W 2L 3¢9 1297 49 8Y, 68 229 A9,
227} E 27 (spring tide)o]l B3t o, 3¢ 199, 4€
49, 99 11¥€9 % £Z7) (neap tide)ol| I3 Th F4 9
F71320 WEol < dB 7 s Hsle 3900 <F 60
emollA] 9ol oF 80 cmE A &F 02 AEatrt. T A
717 M & 7<= 8Re 1300 mm (2T 180 mm)$P o™,
o] 7 B A71s 749 (8F 300 mm)°| AT 7HE AL

“AI71E 449 (%F 120 mm)o] ATh oA S ALE AEA Y
A &g2] A E 24213 ool FSA7E ReE A
At} (Shim, 2003).
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station. The diagram shows the design of the water sampling

A

oF Yzl 7} gleAdRe] HAgS V)RR £ T
T E Fig. 39 YA

AR A BZA7)d 0-30 ppt HIQoH, A2 Zo]7}
HAHSFE F7h8HAY (Fig. 3B). 531, 20l 020 m AfololA]
FE-& 02 ppt BHZE 71 9231, 20-40 m Zlo|o) A FHF]
Z718F &, 60m ool ME 25 ppt o] B& FE-S JERY
Atk Gt o g FAA AN D5 viFFo] A Lol
AS o, G YR FEHIL e FAES
ol 2 MBI 2 HYS sl §AFo 2 olYE BE
S Fejol sigF B9 Hojulrt BAEE Aoz LelA
AT (Shim, 2003). L 22, o] FFAFel|A] o} 2 FE-<]
FA A EX = 020 m Alololl B4 tlfFo] EA)3a %3}
60 m ool B3 F7t FHASA WPHHEA 20-40m &
o] Bl Be) dl4=9] 73g Mol (transition zone) S
EdZEo] 45 S-S vtk pHE 7 #EA 7)o
6.9-8.5 Atole] ML on, ARI} WOE o7}t HojASE=
3R (Fig. 30). 53], FH-FolA EFESR7A 54
& s BPon, 7o) 30molAdME 69-73 M= 2
olell ARl tha AFT g2 VeI dnrH oz 3
4] pHE 7.8-84%Z =A%+ HHEU A3 A AN sl4ae
718 A 287 223 93] A E olatstga
el 37 5o dFoE B2 pHE VR £ U (Lee
and Yang, 1998; Gooddy et al., 2002). W&}+A pHY 3 F
BFXE GE EFXE BGS o, £33 ool S4B
o3 wolxl pHE 713 gt AR Se] Auidez £&

ofje
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Fig. 2. The variations of tide and precipitation during the

pHE 71X FpAtele] £ &l Aoz AztEt
#Rn9] FEE 5-420 dpm/Le] W0, A A7l AH
e} dgee] 2st Moyt A=} 1= 20m Zo] Fol
24 200 dpm/L ©]4e] & FEE R YT} (Fig. 3D). YyHF o
2 PRo ou]g)Ee] PRa T DA A Fo] ofs) BA]
= 284 7A2A AdE F PRo FE Bt &4
Foll EAshs MRa02HEH FFEM 1 FRE Fule] X2
&y 5493 of-¢ 22 #-o] Ak (Cho et al, 2004). 3
28} & PRoe E-)7) AAWEE 53 oir29 we
429 WAHE-TE E3l AAHE T (Corbett et al,, 1999). &2
2, Zo] 20m HFZoM ¥ PRn TEE Role 99
Gophfi7] 3l WA Q7RG FRe AAREE AT gt
AFAGL A A H =9 A T2 EFHYo]
WAl EXshe 9, 7RG FHE QI kb 3
b gn 2o sl da FAGFE o]FolA oy
(Shim, 2003), ] g 3t U=} 3 FH Y )54 F PR
9 e HH%e v & Rn = ESIT (Cho et
al, 2004). Tk Zlo] 20m F29] PRn %/t A DU g
Egol} dHo2RE FFEHIJUH 2L AFo= o]Fof
A e 10m 209t e FEF Bool gtk EF o]
10m Zolol A *Rn FE+ 100-200 dpm/L MY Z, H1E 20m
Hololl o] PRn FEHET thh Yo} gisE-o] PRrng) T
7)i29] W&o 93 AAE 55 BHY F moA o] Foix]
7] qZol 10m ZoldlA t7)E 53 PR AAZL FA
g 4 ok 2eEE $£4 20m B2 52 PRy BEE
B 32X EGozRY IFHAVEYE & PRn
TEE M & A5 K90l A< AlALETE HE,

study periods. The filled circles represent the sampling times.

A& J)71%0re] DdA|5k4: = 2Ry 100-450 dpm/L

HLZ Cho et al. (2004)0] HA 43 A7) (Liquid Scintilla-
tion Counter)& ©]-&3ta] FAke] A Gl A &3 GR35}
4 2 ™Rn F% (190-1500 dpm/L, n=14)8 9o &3}, &
A8k ZF PRn FE EF 593 dpm/L MY E o] el Hwang
et al. (20052)°] AT WFUF FHAA FHI AA s
% "Rn ¥% (15-76 dpm/L; n=5)%} H]S=&}H ).
AEAFY] 25 AR, gE Yo} A4 TEE 185
M HAE AZE AR 10m SoA 7 21, PRe 57}
7HE =W 20m ZololAd A o, I o]l
Ui aslte 60 m ofgfol A Ael AA3IATH (Fig. 3E). 1t
Ar BEE 125puM HYE B2 718 =1
Zol7} FrkshaA] ZHAaste] @) sl AAZF of) 30
m oA AE 5uM o]3te] B} EEE Bt (Fig. 3F).

e
O -1

AT o=

urHoE il M HHT U dRUol Aot FAS

Wol M HA YRR e F2E S Hol7|% AN (Rysgaard

et al, 1999), A3} ANX N4 LBlehHA AisARAg S
Tl Aastn Aidad w52 & F7HA1ZH (Slomp and
Cappellen, 2004). =3}, A4t HAAe B3 AHNA F71E &
Al A AaA ArstA R 4B E o) 7HAsts e AkE)
o) oJ3) dryel AL FEE Z7A171t) (Froelich et al.,
1979; Bemer, 1980). WakA] A2 A3k & FEY o}
Axet i Aao £33 FEREEE £33 Agds
A9 ZolollA vRH Aoz QAT E3], o3 213
Z4Q1 gl AR Fg) vh 3 A £l
Al ko g Qtwjol AAvt i AA-S AX Fqt Ax
2 vl (Slomp and Cappellen, 2004)= AFA-S- 128 o,
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Table 1. The concentrations of temperature, salinity, pH, nutrients, and Rn in coastal groundwater around Pukyong National
University, Korea

Sampling Tige  Sampling depth Temperature Salinity 22Rn Nutrient concentrations (4 M)
date (m) () (ppt) (dpm/l) 'NH,*-N NO; +NO;-N DIN DIP  DSi
2005/03/12 Low tide 2 3.9 0.8 - - 1.1 19.81 21.0 0.13 40
(Spring tide) 18 4.9 4.2 7.70 - 30.4 2.36 327 0.33 110
20 10.9 10.0 7.1 - 48.1 1.89 500 0.53 130
23 11.1 17.0 7.05 - 20.7 3.09 238 0.72 120
26 10.2 20.1 7.1 - 13.5 3.67 17.1 0.13 78
30 1.1 22.3 7.12 - 11.0 5.08 16.1 0.13 106
40 1.4 25.8 7.26 - 19.6 1.57 21.1 0.13 151
45 11.2 274 7.32 - 18.5 1.73 20.2 0.13 89
60 11.6 28.7 7.25 - 12.7 1.02 13.7 0.33 95
100 13.8 29.0 7.26 - 12.5 1.70 14.2 0.72 96
2005/03/19  Low tide 10 182 08 815 162 £ 19 4.1 15.59 197 013 81
(Neap tide) 20 17.1 13 766 258 + 23 213 4.81 261 072 95
30 14.0 12.5 7.08 8 £+ 5 18.0 2.42 204 0.13 137
60 13.2 27.1 7.06 8 £ 5 9.3 213 1.4 0.33 116
100 14.7 28.9 7.20 15 + 7 8.9 5.77 14.7 0.33 101
High tide 10 8.4 0.9 846 194 + 21 3.3 13.25 16,6 0.33 41
20 9.1 2.1 791 233 + 21 255 3.89 29.4 0.33 - 87
30 8.9 146 729 10 + 6 114 2.09 135 033 117
60 10.9 249 726 13+ 6 7.4 1.07 85 033 143
100 12.2 28.7 7.42 35 + 9 50 2.13 72 033 123
2005/04/04 Low tide 10 25.2 0.9 769 120 + 13 3.8 19.05 22.9 0.53 49
(Neap tide) 20 26.8 1.3 747 231 £ 20 139 2.42 164 0.33 71
30 23.6 8.8 7.09 23 + 6 313 1.74 33.0 0.53 a3
60 20.6 27.3 7.19 19 + 6 113 2.39 13.7 0.33 97
100 19.3 28.3 7.18 23 + 5 108 8.11 18.9 0.33 79
High tide 10 11.1 1.1 786 137 + 13 10.2 15.59 25.8 1.12 43
20 11.1 1.6 768 291 + 24 197 2.86 22.6 2.50 70
30 12.2 6.8 7.33 93 + 14 150 1.89 16.9 1.21 72
60 14.6 274 7.38 19 + 6 0.7 2.00 2.7 0.53 86
100 18.0 28.3 7.23 32 + 7 1.9 1.56 3.5 0.72 92
2005/04/08 Low tide 10 20.7 1.2 8.21 131 = 13 4.9 15.58 20.5 0.53 15
(Spring tide) 20 22.8 1.4 777 197 + 16 441 4.44 48.5 0.72 26
30 22.7 6.5 7.22 36 £ 9 535 2.09 555 0.53 28
60 23.0 26.8 7.19 24 £+ 5 116 3.88 155 0.33 60
100 20.9 27.3 7.13 11 £ 5 8.3 2.27 10.6 0.33 59
2005/06/22  High tide 10 114 1.0 819 106 + 13 58 15.77 216 0.33 14
(Neap tide) 20 11.7 1.5 787 242 + 17 26.6 2.54 29.2 0.63 18
30 12.0 6.3 7.33 4 + 8 47.2 3.18 50.4 0.72 30
60 12.1 26.9 7.27 22 + 6 13.2 2.72 159 0.33 63
100 13.0 28.7 7.38 20 £+ 6 147 1.91 16.6 0.33 97
Low Tide 10 325 0.3 793 160 * 17 1447 26.00 170.7 0.45 82
20 31.0 0.7 773 334 + 22 96.7 11.86 108.6 2.59 163
30 29.6 2.7 7.45 18 £+ 6 1271 217 129.3 073 202
60 28.7 24.8 6.89 7 £ 2 607 2.27 63.0 040 191
100 28.2 28.0 7.02 5 + 3 225 2.19 247 0.35 179
2005/09/11 High tide 10 19.5 3.2 693 185 + 18 18.2 24.06 42.3 0.92 107
(Neap tide) 20 20.6 0.8 7.80 369 + 24 702 9.46 79.7 2.35 109
30 20.6 3.6 7.56 91 + 7 204 4.15 24.6 1.45 145
60 20.7 25.0 7.11 25 + 4 484 3.35 51.8 0.40 189
100 21.0 28.0 7.23 24 + 4 399 8.59 48.6 0.35 176
Low tide 10 19.7 0.8 762 167 + 16 34 4.11 7.5 0.39 116
20 20.3 1.3 744 420 + 24 146 2.75 17.3 1.80 178
30 205 11.4 6.91 19 + 6 14.0 2.41 16.4 0.25 211
100 21.5 26.6 6.94 43 + 9 4.1 0.90 5.0 0.10 128
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Fig. 3. Vertical profiles of temperature, salinity, pH, nutrients, and “*’Rn in groundwater of the monitoring well in Pukyong

National University, Korea.

20m FZoM & 4= e
220 sR7F W2 Ao Hol Ff
vhshs Z]3)ehA @itelr] B SRz iE
ol A4 FEE /I A3l fry Wil A
gH, B 7125k A Ak F BR|ES T DIN 5%
= 7-107 oM HI9Z Park (2004)0] AFT FH 2R3 A
Z43) DIN 55 (47-162 uM, n=14) B }= thh i) =3
HR5F F DIN FEE 577 M HYE Park (2004)7 Hwang
et al. (20052)0] AF= FHAM ZH3F HR)sl45 F DIN
EE (15-85 #M; n=19)9} H| =3} O 1}, Hwang et al. (2005b)
o] Fal Atk TR GelA FA3 BX3G F DIN 5%
(10-250 M, n=5)R.th+= Thi gpc)

DIPY] FX& 0-3uM HAZE, B9} shg AW 2
20m ZolE AT tF-E 9 AololA 1 uM ©]FY
TEE Bt (Fig 3G). Yy o2 A4 F DIPY] &
T ZAEoly dF Tl TR 433 =t (Slomp and
Cappellen, 2004). 2|}, AL EHAHEU A4 5 DIPE
27 o A 4HsHE (Fe,0n)0ll F2AHAY thE £& F44
4= (Al, Fe, Ca)¢be] 330l s 424+3}21 3] 4 (Hydroxyapa-
tite; Cas(PO4);0H)T} 2E ) 7}0] E (Strengite, FePO,-2H,0),
vl Alo] B (Varisite; AIPO4-2H,0)9F 22 751 E 2] 3

=0 oh:rL]o} A

L

10}
e
1} O
N
=
S, Y

i

g2 w24 A)AHE ) (Robertson, 1995; Weiskel and Howes,
1992; Zanini et al., 1998). 3}, BA8 A DIPE &F
FEYALEEREH §&Ho] U2 DIPd 98 & FEE
Hol7|& stA gk thA] $24k8)Rl S A B2 HjH|oljo]E
(Vivianite, Fes(POu);- 8H,0)9F 28 Q1AME FE-S 34 slo
A3t FAA @& FEE HeU (Slomp and Cappellen,
2004). 12 BE, o] AFA A At A&t F @2 DIP
FEE HAE U AslEd3tgo e iksbdely gE &2
TFEURET FH 93 A A9 QA BE] B W E
) Ao 2 Az o3¢ FgL o] JFAY @t ol
T2 A 99] At AFlpA M E AR =, vl= Ak 28}
T % DIPY] TE= 2 1M ©J31%] Aoz RuFYa
(Nolan and Stoner, 1995), #= Hwang et al. (2005a, 2005b)°]
AFEe} oAz 1 Agtal oA 43 At DA skt
HABLE F DIPEE E8 1 4M o]3ke] Ao F Baw Q).

AR, QR Al NE B2 6uME 273 E Ao

Buged, olgg A& Hig o ALE, Al FE2E
A3l x& FE9) DIP7} AR A o] DIPel] tigh B9
o AATEE 293 Aoz o5 A& DIPT}
AAHA g AR Astrg ne o)Fshe Fem deA
Atk (Robertson, 1995; Slomp and Cappellen, 2004). w24
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o] dFol A rox}t gRUol A4 TR} 7 =39
20m ZelolA T Zlolof Hlgl F2 FE (23 4ME Hole
=9 DIPE 3 o2 7199 FA &G} o
fFEs 7] WEQJL Rew AyZtHETh

DSi ¥EE 0250 «M B E A2 AF-=ojA] 71 vt
o7} HoASE A2} F718A T (Fig. 3H). hE A¥EH
S5 28 & d2yol A4 DIp 183 PRe FES
129 20m 244 DSi FEE EA ¥t dutzo g
28k F DSiv T2 94 (FE AU HAE FEY
gletd] F32rg ol 71 Aol 23] F5E 3L (Freeze
and cherry, 1989) A1z} U 4483 At AFAILT &
greksl @lel 93l FEXFe]E KLt} (Slomp and Cappellen,
2004). 23U, X3S F A4 Y vEe AGEAHAY
whg-olL} x)&l4=9] A FAZY Akt E$ o e Afo] Fol
93] @e}x7]= 3FA| 9 (Nolan and Stoner, 1995; Tiessen,
1995), 9] A9} 12 AHZH FF =, AE35Y
FTLEF 5 22 549 E9Ut AFlE AvEe] LEEHU
A ¥ FEE HEIY (Appelo and Postma, 1993; Tiessen,
1995; Slomp and Cappellen, 2004). 222 & o] A7 x|
A5k 5 DSi7F BE AYAFEY U FAH EEE Bol
= AL FYAFY FFd oA Apolelx HIFH AL
2 Az 3, #5 72He0e] A9t Ak F 'R
Z DSi BEE 14-114 #M BYE Park (2004)0] AFE FH
2GR sol A 43 DSi 5 (64-398 4M, n=4) BT Thh
voron Qx5 & DSi ¥EE 22-207 M WY E Park
(2004)3} Hwang et al. (20053, 2005b)°] A|F%= FA G ofz}gt
FH oA ESHI AT F DSi FE (15-348 4M;
n=20)$} H]s=8t )
X|5t4 & HE, pH, YUAR L #Rn S| A
HE

BE7I B Ao W2 Ak F HE, pH, FEE
2 PRp 2o WS dolry) Yt Az} Al

:.;."o}-(‘

£ Hu

AR FFgE 712E Zod TS ATt HE
8o F=HEHE 247 Table 29} Fig. 4o JeR ST
L 10m, 60m 1331 100 m 2ol Z+2} 0.8-1.8 ppt
(BT 1.120.4 ppt), 24.9-28.7 ppt (B 26.8£1.4 ppt), 27.6-29.0
ppt (BT 28.320.5 ppt) W2 AFAE=E & =fo)7} YA 2L
=9} Do) Molthl 20 me} 30 m Fo A= 242 0.8-10
ppt (A 2.8+3.6 ppt)$} 3.2-22.3 ppt (F T 10.8+6.7 ppt) HH
2 AFYE & #olE HAY (Fig. 4B). 53] A3} 30 m9
735 EEl 3¢9 20ppt o] Y EL GES BIley 1
o] &Ho g 7+Aste 68T Aol 5ppt ©3H W&
o] Yehgta, 9ge] Al olxith gRbA o sk
oA Fx3lge) sle] AAQ] Folde @59t st MR
BAHFPEE o|FHA §AF R ol R EET FHE 7HA
), AA Astae AHEE G AA 7] WEol 2

34=2] Holdle o]F3H "ok o] g 8l 2= Aes9
o] W, At I, Aty FFF ¥} To] e,
g wog AR sl FYgHel TS uAe agle
2 AZTZE, sl4HY ¥©E, 2485, siAAE dH 5ol
T} (Bear et al., 1999; Shim 2003). ©] AT-R G M= FHZ0]
T ATAG FrHFS AEHHoR F/8IAN, AdT7AY

o ot b
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AR k7] W Fo o]# gt Ay ArEHE F7MI7e)
=2 A e SUAA 2t side] AAWE gt

o2 AAHET}E o] Ao, Shim (2003)2
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Table 2. The range and average of temperature, salinity, pH, nutrients, and Rn in coastal groundwater with depth during

the study period.

Sampling depth Temperature  Salinity oH 22Rn Nutrient concentrations (¢ M)

(m) (C) (ppt) (dem/L)  NHSN  NOz +NO; -N DIN DIP DSi

10 3.9-26.0 0818 7.4-83 119178 1.1-81.4 3.9-25.0 7-107 0.13-0.82 14-114
(16.4+7.5)  (1.120.4) (7.9+0.4) (150x26) (17.0£31.6) (16.0£7.0) (33237)  (0.45:0.26)  (62+37)

20 10.9-25.8  0.8-10.0 7.1-7.8 220-418  14.2-835 1.9-10.7 17-94 0.53-2.47 22-185
(17.9¢5.5)  (2.843.6) (7.6+0.3) (299+83) (36.9£26.1)  (4.3%3.2) (41229)  (1.25:0.83)  (106%57)

30 111251 32223 6975 9-58  11.0-73.7 1.8-5.1 16-77 0.13+1.09 29-207
(17.55.6) (10.8+6.7) (7.2¢0.2) (35+23) (31.2425.3)  (2.9+1.2) (34225)  (0.5310.38)  (121:64)

60 11.6-24.7 249287 7.0-7.3 11-23 6.0-54.5 10-33 8-57 0.33-0.43 62-190
(16.745.3) (26.8+1.4) (7.2¢0.1)  (17#5) (18.8420.2)  (2.240.9) (21+21)  (0.3620.05)  (113249)

100 135246 27.6-290 6.9-7.3 15-28 4.0-31.2 1.1-5.5 5-37 0.06-0.72 78-178
(18.6+4.9) (28.3:t0.5) (7.2¢0.1)  (224#6) (12.1:¢9.9)  (3.2+1.8) (15+11)  (0.394¢0.22)  (113437)
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Fig. 4. Temporal variations of temperature, salinity, pH, nutrients, and ***Rn in groundwater of the monitoring well in Pukyong
National University, Korea.
OENAEL AL HAL JYBE, o] Al &Y  FFA Fiholo] AAHUAM pHIt 73 Aoz A4H
AR sk 9ol A As Fasiel 2ol whe th ASH AFAFY] JFE B3 UE 60me} 100m
el MEFog Ak dojie o]FH #o] Qle Fer RIAE A7 7.0-73(FT 7.2+0.1)9F 6.9-7.3 (B

et
7450l ot @Ra10] Freka wsle} sl HEe] o)
Zrste s Fo mE Sl gt Al MolulEe
1% z} 8] Fxol doA & AFAR] WIE
Z <+ 9tk A& = pHe Zo] 10m B2 A 74-83 (BT
7.9:0.4) W2 Azto] AR gle] e} A& o= 7FadtY
o} (Fig. 4C). 53|, Aslee o] 717 & Ao = oty
=699 A% 7P Be pHE Hel whd A ALXE H|E3)
AR = 7P¢ Eot ol8gt pHY Wsle d7AY
7ol o edd EX e FdF #Hol v
g ‘3} vl Feest 9] Hold B2 o]
ZAAE &2 7.1-7.8 (BT 7.6£0.3), 6.9-7.5
2+0. 2) t"ﬂi Alzbol ZAaglel e}t i Frkske
Holed|, o]e gA|sle ghaFako] Frste Mol
o] FtEF o2 o]F3IHA *‘tﬂz—iii ¥ pHE 7H 4%
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7.240.1) B2 AHERZ & Ho]E HolA gyt

FEETF vEY Af, dEY A FE+ 10, 20, 30,
60, 100 m Zolollx Z+7} 1.1-81.4 uM (B 17.0+31.6 M),
14.2-83.5 #M (BT 36.9£26.1 uM), 11.0-73.7 uM (BT 31.2+
25.3 uM), 6.0-54.5 oM (BT 18.8+20.2 #M), 4.0-31.2 uM (H
T 17.0431.6 «M) HY 2 A Zolo] Ax 2 AAA Hsls
HYTh (Fig. 4D). 3] dEYol A4 =+ ¥ Aol
7 U™ 490 7P @ Gl o At ol
7P 2 Aoz o 687 7t =ik 3, 2 Zlold
A zrel o2 gRYol Ak T o] WEZ2 JHE (10me}
20m)ol A 71 2. o)l @A SGTF EAEe RS
A AFAY FH ] e el FAAE As (< 20 mst
O AGalA AdFA o2 gt o] AAFE wet
o] F8 & ABHF(-20 m)7} AFAGLZ FAHAY] HE
RoZ HZdAch

|
A Ak FEE

10, 20, 30, 60, 100 m Zlololl A Z4Zk 39250
#M (BT 16.0+£7.0 M), 1.9-10.7 uM (BT 4.3£3.2 uM),
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1.8-5.1 M (T 2.9+1.2 M), 1.0-3.3 £M (BT 2.2+0.9 uM),
1.1-5.5 uM (B 3.2£1.8 uM) B2 A3V A8k A
B 10me 20m ZHol9 A% Z AAH W3 E BA (Fig.
4E). YEUo} Aie} w7 R o] 71 AW 490
744 g 689 M wxdh 2ed e AFY 9%
B Qe 60m o ZoldHe & AEA WilE RolA
=3

DIP ¥ T3 A4 Aae} AR AE A wistE Bt
(Fig. 4F). Z&°] 10, 20, 30, 60, 100 mol A4 Z+z} 0.13-0.82 «M
(BT 045026 £M), 0.53-247 pM (BT 1.25+0.83 M),
0.13-1.09 M (BT 0.53+0.38 M), 0.33-0.43 «M (B 0.36%
0.05 #M), 0.06-0.72 M (BT 0.39£0.22 pM)F Ao v, T
317t EA8HE AR 10mek 20m ZololA & A™F M3}
2 2ZYch

DSi 3EE 10, 20, 30, 60, 100 m Zo]ollA Z+2} 14-114 uM
(BT 62437 M), 22-185 uM (BT 10657 M), 29-207 oM
(FT 12164 £M), 62-190 £M (B 11349 M), 78-178 M
(BT 113+37 uM) HSI 2 ZE ol & AR HeEs
B A (Fig. 4G). 53, ZFFo] 714 AAQ 44l 7Hd 2
I, U8 dIFa9Fde 28 e F AP dges
E 100m ZHolE A o] ZololA 9del| 71 E&
EEE YERATE o) 100m 2ol F¢ Fe DSi vEE
7HA SR FY A&HQ Joke B W TE Zold
729 LAt FHHE W AFIEA AR 551
F32Hgolv RG] o3 AEE FF LI

E2 Ao ® AZAHAT (Freeze and Cherry, 1989).

ZRne] EEE 10, 20, 30, 60, 100 m ZoJollA 22} 119-178
dpm/L (BT 150+26 dpm/L), 220-418 dpm/L (BT 299483
dpm/L), 9-58 dpm/L (BT 35+23 dpm/L), 11-23 dpm/L (BT
15+5 dpm/L), 15-28 dpm/L (BT 226 dpm/L) MY Z 42
o} Ak, DIPS} PREIZIAI R @R|8147F EAIEHE A4F 10 m$}
20m ZololA & AdH HEE Bt Fig 4H). ©]E A
F7F EA8E AREEF BY AFAY FHY Lol s
FAE Ak (20 m)9t HE A FolA A4AHo R gt
o] AASE wel o5k A8 (220 my7F AFAF L
2 f9He ¢ ASH R ouAFOoZHE RoZ v HE
7] HEQd Rez AT

24 HES AMXIAOM M X|stre| 7E

B4 dE AGAGAN A3 F AR $2F9
Z

FEEIS} AT GE FEWSHE 722 AT Fu
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