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Abstract : The object of this study is to investigate the contamination degree and the interpretation of sea water intrusion
phenomena with hydrogeochemical and hydrogen-oxygen stable isotope of coastal aquifer in the Gogum area, Korea. The
physical characteristics of groundwaters is the neutral pH condition and transitional Redox environments, and groundwater
is affected by sea water & surface water. The chemical properties of groundwaters are showing an increase in
contamination owing to the sea water intrusion, waste water from the surface and agricultural chemicals. In the case of
chloride, 6 samples of the groundwater in the study area are in excess of the drinking water standard. The Piper diagram
shows the contamination in GG-4 and 14 by sea water intrusion. GG-3, 7 and 13 dominate the Na-HCO; type water and
regional (GG-14) is indicated to dominate the Na-Cl type water such as sea water. According to the SI (saturation index),
sea water is oversaturated with respect to calcite and dolomite, GG-3, 14 and 18 are approaching the saturation state. The
hydrogen-oxygen stable isotope ratio of groundwaters originates in the meteoric water, and groundwaters of GG-1, 5 and
14 display high oxygen isotope value due to surface water trespass and sea water intrusion. The result of this study, GG-
14 is contaminated by sea water intrusion, groundwaters expected GG-3, 7 and 13 is in progress to artificial pollution and
sea water intrusion.

Keywords : sea water intrusion, water type, hydrogen-oxygen isotope
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Fig. 1. Location map collected groundwater and seawater
samples in the Gogum area.
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Fig. 2. pH vs Eh diagram groundwaters in the Gogum area.

ARG ECe IFE FH dg A%
45600uS/cm=z D3] FE FE RHAFI glon,
289 7% 117.5uS/cm~2,450uS/cm(E T 504.5
pS/cm)elt}. ]9}k Zo] ¥ ECEE zHe= A XX
el 1942 LEEH0] AR FYHAE 7
A3t sle] AR EAE AeE Az

HEENaClE AF(GG-15004 2.94%2 LW+
Q E] B Holn, A3lrolAE 0.01~0.12%E
AQF o2 B HAE Holed, YR E& A
o(GG-14) 39 AT 93 Aoz Azt

F2ETHEA(TDS)S 500ppm ©l3to|H A5,
A8 2 FHLFE AE & Ao 1,000ppm
oldR] Aol Exto] A4Ed] e tiREe] 7
- S52A AR ZAhEE, 1982). & 99
Asleol Z4E TDSTHFE  58~1,240mg/I(HF
246.9mg/M)°l™, GG-147%¢] 7% 1,240mg/1Z &5
2 AMgsledle At

sfaryol 54

2 9 A9 pHeE 8&0l&(Na, Mg, K, Ca,
Si, Sr, Mn ¥ ZmEF}] BXEAS wofshr] el
Fig. 301 EA&3ic}

Uukx o2 Naol F83% AdF 719e A &
dolH, sirst 2 A FGolM e AstE AT 3l
Fo] ke ol &2 Nafrgs ueRd 4 Sioh
B o 59 Na@d2 11.0-368mg/I(HE 529
mg/)E T e Hon, pHok= A S B
At #1990 &3P Naol&o] 20mg/l ©]



477

b

2]

o

2IRITef

A
T

=1 AQ

5]

T X9 X

1|
=

L

Bl

vorL | 18 S9¢ | 98¢ 98 €81 ST L0l 61T VT L€ €67 6T€ 98 [L9 THE SIS CObl  I'ST  6I¢ (I/3w) €ODH
00T | vLT | €T €81 | 968 OLT 00S SOL 09T OLT 08P 099 OE9 OIS 0SE 088 I+Z OSL €9l €LT 08¢ (13w *0s
pu piu p/u pu pu pM pAu piu pu pu p/u piu pu pu p pu piu pu p/u pu (18w) *0d
Svv | VLST | 99C 08T 9L L19 60z 191 LOI 891 8SL 6Tl L8] 6Ll OI9 6TC 668 H6€ LLO 9SS  68¢ (13w) ‘0N
0ST (¥OTLL| €957 L691 | €IF  ¥ez  #08 €901 H0E  TLL 109 O€ TEE LST LT €05  ObT SLL oty ST e 3w) D
1 8¢¢ | 690 6£0 | €C0 S1'0  PpM 881 Z€0 S10  LTO piu P €00 TO0 pM ¥S0 700  ¥S0 p/u we (13w 4
06t | 86C 08 | I ¥98 6¢€l 8% 9l 611 6¥E  €ve 9¥l  TEl 61T 66€ SIE €l 067 VYIE  S66 (1Buw) e
€Iy | 06C 99T [ 0T S61  0TE €T IL0 €T 8T 680 I  SI'T  6L0 80 86v LYI TWIT  ¥6S TET (13w) 3
¥e0 | 8¢ 6€l | ¥el  [LI ¥El vS® 70T 611 01 Lyl g€l 9L 181 TST  IT7L  6SI 808 #SI ¢TIl (1B3w) 18
LWL | 9v1 6Tl | L7 €81 LOT  TLS €01 8T 601 8yT +ST €61 91 €7 781 6SY  T9S  TEl  LYE (18w S
65801 | 9€8  6TS | 966 O¥S vIE 89 9€l  O11  ¥eL FLI TP ¥l €¥l 9Ll 688 SIE 9¢y  ¥9S  OvL (13w) eN
969 | 0 TS | 919 It 96¢ €8S TE9 OF9 €E9  $8S TS OLS 099 SI9 0t €09 ISS  OSh  #9 13wy oa
Sel €9t VTl 8 So1 S6 SSI 91 139 LS1 174 101 8¢ 08 86 9l S01 6% [FAS S6 (Aw) yg
09LTT| L'16T 69¥T | SOS o€ vIT  OVTT  SIT 8¢ 991 68 69 9 (4> eIl L9T L01 0sT1 we 8Ly (13w sqy
v6T | €00 €00 | SO0 €00 100 CI0 100 100 TO0 100 100 100 100 100 €00 100 100 200 <00 (%) 108N
009°Sy | 1'8LS SHOS | LvO'T  SIL 905  OSYT LT L1I 6£€ 8LI ovl 131 941 1€C (92 A 4 S0¢ 667 186 (wo/sm) OF

§88G| THB | IS0 LS9 | PIL 699 8Y9 1YL TOL €09 TO9 €99 89 799  OIL 6I'L €09 099 SPL  €LS 799 Hd
£€0T | STT €91 | STC  v0T 1'Tc #8191 LS €91 98l 80C 80Z 861 SLI SLI Te6l 861 061 68l Q,) "duwy,
pajuy - 1oem Blichiicli

wa v IS UWON 810D L1DD 91D ¥I-DD 19D TV 11D 010D 60D $DD DD 9DD §OD OO EDD THY DD .o oiume

Io7em SUD[ULIP JO SanfeA P pue eare wnon oy ur sadures Iojeameas pue Iajesmpunors jo sontadoid TedtsAyd pue [eotway)) *| ajqeL



P Jojess SUDJULP I} A\'(] ‘UONRIASP PIEPUEIS (T'S ‘PARRIP 10U p/u

SO0 | ILT | L¥O 690 | 6€0 L8O 660 L¥I L0 €10 6Y0 80 810 TTO LOT 810 $TO 660 8¥0 €91  S8Il (181 aq
1000 P® | Pp® puo | PM  PM PN PM  PM  PU  pu  pU  puU  puU  pu  pu  pu  pu  pu  pu  pu (3v) 8H
TIU | 66L T8L | 9%6€ ST 11T LSS 1Ty TII 10l  9€6 §8C TIL 0S€ 981 SPI  €6T 8Tl 9T  6II (137 eg
€0 | PA PN | PU DM pPM pM pM PN PN puU  puU  PpU  pM  puU PN P PpU  pU P (187 a8
100 | 1¥0 | 20T 950 | ¥I'0 210 1€0 S8 pM PN PN PN pUM  PpU puM pU PM GO0 PU L0 IO B pD
vYL | 860 ¥S0 | ¥OT 680 ¥LO 0E0 PN 600 PM 850 OI'0 SO0 STO I¥0  LOO  9¥0 €T 950  T0 (131 o
100 | bz | vy LTI | 9€L 611 T8I 86 PuM puU  pu  puU  pu  pu  puU pM  pM  puM  pU  pu  pu (131 2
0T0 | ¥'$9 | L¥1 T9€ | 62T LS€ 89¢ S6T PM pu PN puU  puU  pu  puU  pu  pPM  pPU  pU  pPu P (18M) sy
L€T | 8TO 9%0 | €10 1€0 80 PM pPM  PM  PM  pM  puM  puU  pUM  pU  pU  puU  pU  PU (SO (1/81) 99
00T | LIT | 08€C 96H9 | 8T  +01 Tl €886 SSL  tv6v I¥6 991  9sT SO0z 69T LI T 18 668 LI9 65§ (1/3v) uz
veér | 1S 911 | SOF 168 TII 699 TH9 680 VT SOS 90S 90C €v Ty 8F€ SOl €56  TIST ISl 13 np
0c0 | 80€ | S81 LEY | 6LT €€T €€  ¥LL ILO  THO 6F1 €6€  8TT  90E 901 TIT IFS 60C LT LTV 69§ (/3 upy
819 | 681 S8 | Tge TS €€ PM 80 PM /90 PM puU  puU PU  pPU  PU  PpuU  [90 80 8TI (B
86T | 68Y SIS | €8L 6EL SYS LOI LIl S60 HOT  OLT  $9CT O00L 60€ €41 SOT €L w9 91T 00C @B 1v
9'e | 9€0 9¥0 | YI'T  6L0 LIO OI'T I€0  OI'0 ¥E0 00 €10 €0 ITO0 SO 60 SI'0 €80 660 T60 (18w 18
0¢0 | PO | P PM | PM PN PU PN PuU PU DU PuM PU TYO PM  PM  pUM  pu  pU  pu  pu (18w o4
PU | 19T 060 | £L80 660 PM 't PN PU pU pu pU P pUM PN pM  pu  pu  pu  €0] (1/3u) 1g
PU | 86T <CLO | PM PU  PU PN DU PU pU pu pU pM  PU PN pM  pu  pu  pu  €T] (/3w) 20N
paur  Igem o Jjusudrg
awa vws IS TN 8IDD LIDD 9IDD $I-DD €1-DD TIDO 11-DD 010D 600 80D LDO 90D $DD DD €DD THO DD iy

"penumuod °| sjqer



1000 . €0
.
- 100 0 =
s ee % o, . =
2 _— £
2 1wl o & e o 0 =
®e o o
.
' e & »° |
12 L ¢ ®
.
~ {80 o
S s B
=)
1 ®e °® 40 g
4 - o8 o o
. ? o .: .
. .
24 + .P. t 20
. 15
~ 18} . -
5 . T . o E
£ " % . 0 \E’
[ [ ¢ v
« °* . . 05
L : ~. %
100 t t
. ) 10000
1000
— [ ] —~
E 10 e ® ". o 100 E
s «®* s % N
b g " e e
.
1 1 1§ 1
5 3 7 8 5 [ 7 8
pH pH

Fig. 3. pH vs cations for groundwater samples in the
Gogum area.
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Gogum area.
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Table 2. Water type for groundwater and seawater samples in the Gogum area.

Sample No. Water type Sample No. Water type

GG-1 Ca(Na-Mg)-Cl GG-10 Ca(Na)-CI(HCOs)

GG-2 Na(Ca)-Cl GG-11 Ca(Na-Mg)-Cl

GG-3 Na(Ca)-HCOs(CD) GG-12 Ca(Na-Mg)-CI(HCO»)

GG4 Na(Ca)-CI(HCOs) GG-13 Ca(Mg-Na)-HCOs(Cl)

GG-5 Na(Ca-Mg)-Cl GG-14 Na-Cl

GG-6 Ca(Na)-CI(HCO:) GG-15 Na-Cl

GG-7 Ca(Na)-HCOs(Cl) GG-16 Na(Mg-Ca)-Cl

GG-8 Ca(Na)-CI(HCO;) GG-17 Ca(Na)-CI(HCOs)

GG-9 Ca(Na)-CI(HCOs) GG-18 Ca(Na)-CI(HCOs)

Table 3. Saturation indices of some minerals in the Gogum area,
Sample No. Mineral name
Albite Anorthite Barite Calcite  Dolomite  Gibbsite ~ Gypsum Halite Kaolinite Quartz

GG-1 -3.87 -146 0.07 -1.46 -3.18 -0.60 -1.92 -6.39 -0.10 0.37
GG-2 -4.55 -9.60 0.22 -2.86 -5.90 -0.70 -2.63 -6.42 -0.02 0.51
GG-3 -3.05 -5.19 -0.61 -0.43 -1.37 0.04 -2.62 =127 0.89 022
GG4 -2.99 -6.35 -0.96 -2.01 -4.30 0.19 322 -7.15 .79 0.52
GG-5 -5.94 122 0.10 -251 507 211 -2.50 -6.41 -3.02 043
GG-6 -3.40 -6.30 -L11 -0.89 -2.84 -0.52 =273 -1.59 0.36 0.53
GG-7 -3.02 -5.67 220 -1.23 -3.38 -0.16 -332 -198 1.19 0.57
GG-8 -3.10 -5.93 -1.72 215 -4.93 027 -335 -195 201 0.54
GG-9 -391 -1.04 -1.04 221 -4.96 0.16 323 -1.86 0.93 0.43
GG-10 -3.95 <743 -1.50 -1.72 -4.25 -045 -3.02 -1.65 0.45 0.50
GG-11 -6.09 -114 -0.64 -2.58 -5.50 -1.62 -3.07 -1.39 220 0.37
GG-12 -5.86 -11.1 -1.70 -3.03 -6.53 -1.32 -3.65 -823 -143 045
GG-13 -2.50 -4.87 -2.28 -0.96 222 0.30 -3.36 -7.92 224 (.65
GG-14 -1.90 -4.90 0.03 -0.95 -1.59 0.24 -1.97 -5.03 1.36 0.27
GG-15 -3.82 -5.44 033 0.89 2.58 -0.10 -0.80 -2.54 -1.99 -1.09
GG-16 2333 -646 -0.35 -2.54 497 0.21 341 -1.13 1.64 040
GG-17 ~2.53 -5.13 -0.72 -1.16 277 0.27 -2.28 -6.49 1.98 0.53
GG-18 <241 422 <046 -0.63 -1.69 0.27 -1.90 -6.23 175 0.39
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Fig. 7. Saturation index vs element diagrams for groundwa-
ter and seawater samples in the Gogum area.
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Table 4. Hydrogen and oxygen isotopic compositions of seawater and groundwater samples in the Gogum area.

Sample No. D %0 Sample No. b *0
GG-1 44 -6.5 GG-14 -44 -64
GG-5 44 -6.5 GG-15 -3 -0.1
GG-8 43 -6.6 GG-17 -45 -6.8
GG-11 43 -6.5 GG-18 -46 -10
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Fig. 8. The relation of hydrogen-oxygen Isotopes for
groundwater and seawater samples in the Gogum area.
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Table 5. Statistic data of hydrogen and oxygen isotopic compositions of groundwater and latitude in the study and the other

studies area.
Station mean of D mean of *0 latitude
Pungki shallow groundwater -66.9 9.20 3635
Pungki deep groundwater -793 -10.7 3635
Kongju-dackeum groundwater -57.3 -7.80 3627
Wi-Do groundwater -49.0 748 3535
Gogum groundwater -44.1 -6.61 3425
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Fig. 9. Diagram of latitude and altitude effects for hydro-
gen-oxygen isotopes in the study and the other area.
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