ASGESE Vol. 17(5), p. 10~19, 2012
<FEE>

http://dx.doi.org/10.7857/JSGE.2012.17.5.010

SRR T Aot XES| $EH S o7

. 1 o
sz’ - 0ITE

A Study on Hydrochemistry Characteristics of Groundwater
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ABSTRACT

The aim of this study was to examine chemical and isotopic compositions of groundwater and lake water near an area
contaminated by petroleum and to evaluate influence of petroleum on them during the period from March to August 2011.
In dry season, Ca®* and SO,*~ were dominant in the groundwater and lake water and Ca®* and HCO;~ were significant in
wet season. 8'*0 and 8D of the groundwater and lake water were plotted near LMWL (8D = 8.068'%0 + 12.5). §'30 and
8D of the lake water did not show seasonal variation. However, 8'*0 and 8D of the groundwater were enriched in wet
season compared with those in dry season because of influence of small ponds around wells where evaporation losses
were slightly experienced. Redox condition of most lake water was oxidation environment in contact with the atmosphere
during the study period. However, redox condition of groundwater was transitional environment in dry season and
oxidation environment in wet season because of influence of contaminant such as petroleum. In some groundwater, the
concentrations of NO;™ in some groundwater were less than 1 mg/L because of denitrification. Also, NO;~ showed
positive correlation with SO,*~ and weak negative correlation with HCO;™, because of influence of denitrification.

Key words : Petroleum contaminated area, Hydrochemistry, Water quality, Oxygen and hydrogen isotope, Denitrification
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2.1. ATX S

AT7A L ATl AAF FRLFAGeR 473 T
S FRAE E o]8A1e] o Bk o] ERlH
W& oF 048 km™ |t} AFAFES A (total petroleum
hydrocarbon, TPH)?} BTEX7} EHTPH = 50,552 ppm,
BTEX = 1,152 ppm)@} A|8}5~(TPH = 709 mg/L, # A =
0.595 mg/L, ZAA = 1,549 mg/LYIA 7Z0] HJTH The
Metropolitan News, 2009).

ATAYGL] EAXFdE S57F RISl HElle sk
o] Baulgko g FEUHFig. 1). AEE 70~75mo|il &
FE= 1H645 mpe] XS FES g AFS o
Eot 20119 397EH 8Y7HA] AgkrE 9= 70.5~74.8
mo|RoH 1~2 me] HelellA ®iskeidtt. 20111de] A%
T 2,029 mmo|F o A7rEe] 68.6%7F 6~720
=AUt

AR TNk FATHe] SR SPQke R A%
ZHE oF 30m 3HEel BEIITH S5 sl
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1 TS PIEHEREA T2 He} AEE A
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Fig. 1. Locations of study area and sampling sites.
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Eh 2 82~ (dissolved oxygen, DO)E Zlol=2&4%
HIE o]&ste] € 13 783t gk 399} 79 &
= Fe'9} Mn*'Y F%E UV-Spectrophotometer(DR-
2800, Hachys ol-83lo] @A SAAT 55 A=
+ HZ (bucket)yS ol-&sto] AHsIH ST Aslr+
2 o4 AY FH HHEIFA0m oluelx HA
(purging)s FHA 33] o]} AASH & U3E wWdHE
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Table 1. Field measured parameters of lake water and groundwater
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Ca*, Mg*" Na' ¥ K'Y T&x= JAdsta 273}
ATFALAH Y FE=AFE2="H(inductively coupled
plasma, ICP)E ©]-&3t 48t Th CI, NOy H
SO,79] &= A thetl AATstATALAE & o]
AZvFETYZ(ion chromatograph, IC)E o83l #4
SHATE. AkAe} 4 F9eA k=728 A1
A7 GANEIS] T LAAA A7 (isotope ratio
mass spectrometer, IRMS)S ©]-8-3}] #4451}, AkA
9} S =919 g AARL 721 £0.1 L 1.0%0
oltt. 449 YA 2L VSMOW(Vienna standard
mean ocean water)ol X313 HEE (%)= HERNATT.

[e)
zHe

3. 21 9 E9
3.1. §E=E
1719} $710 89 skt 349 4~2, pH, EC,

DO, Eh, Fe** @ Mn* ZE9
319tk 3472] pHE 7.3~9.5
599 SHE Fro] 9.5= % =71 AR o

Lo

Lake water Groundwater
Parameter Mar. May Jul. Aug. Mar. May Jul. Aug.
n=3 n=3 n=3 n=3 n=9 n=9 n=9 n=9
6.6 173 23.5 233 15.5 17.6 222 24.5
Temp. b
©0) 6.1 15.6 17.6 17.0 11.8 13.8 17.9 17.3
6.3¢ 16.0 20.7 194 14.3 14.3 19.7 199
H 7.8 9.5 7.5 7.9 6.8 72 7.5 7.5
(EU) 7.4 7.7 73 7.4 5.7 6.1 6.1 6.2
7.5 8.3 7.5 7.8 6.5 6.4 6.9 6.9
EC 80 140 192 117 487 514 594 763
58 91 83 78 180 225 85 68
(uS/cm)
78 111 94 97 340 288 285 344
DO 22.1 10.9 6.9 8.4 142 7.3 5.8 5.6
19.5 9.3 6.5 7.4 12 1.1 2.9 1.3
(mg/L)
20.3 9.7 6.6 7.5 3.6 2.7 3.8 3.4
Eh 249 386 482 463 273 571 560 548
(mV) 241 354 445 386 29 208 149 153
246 359 471 418 227 492 449 505
0.03 - 0.03 - 6.69 - 6.37 -
FeZ+
(mg/L) 0.02 - 0.02 - 0.00 - 0.01 -
0.02 - 0.03 - 0.04 - 0.04 -
0.05 - 0.07 - 1.85 - 1.91 -
Mn2+
(m/L) 0.04 - 0.05 - - - 0.03 -
0.05 - 0.06 - 0.21 - 0.08 -

@ Maximum, ® Minimum, ¢ Median, - None data
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Fig. 2. Seasonal variations of pH, EC, DO, ORP, concentrations of Fe*" and Mn?" of the water samples.

S5k AFHSIE Bolx] QSth(Fig. 2a). X8ke] pHE

SEHTE WUkl 5.7~7.59] HM9E EHAT PAW26S A
9t Ymx] AelA 38elx 9= 7FAX HA} oA
= AES B2y

714 9710 34" 559 ECe 47 58-140 3
78~192 uS/cme 2 7A7]ol| nlsiA 9719l ECVt =%ar

o e HYES BAtkFig 2b). £3], UL3IA 6¥9l
g 92 8 357 B a2 U 79dd
o] th2 AH7} @] EC7} 192 pS/em 2 FA| Z7}8}
Aok, AskrY] ECE 4R B9k 779 9700 7t
Z} 180~5149} 68~763 uS/cme] HMAS Bt} A3l5d
Al ECE 71710l HIsiA $-7]el tii-Ee] #ox] Thax
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ZHasle A4S Btk 2y PAW2S TAME 59
o 342 uS/emPo™ 7Y 594 uS/em O F 252 uS/em
71Tt 8delle THA] 240 pS/emO=E 7HAITt. o]
ZE ZFAPEe] Fejol] wEbA LAEAEY EY 22 9
2y HIZo] & nlgE B AH fu=]
et 2z st =5 GHWICIAE 8Yol] ECVh
763 uS/emO 2 vi-g- F o] SAEJA|TE o] ATl A
o] Azl tigh UNS BEIAE & 3

559 DOE 7719 9.3~22.1 mg/Le] WS 7HAH,
$71E 6.5~8.4mg/LE 77|HT} 7HAshs AES Bt
(Fig. 2¢). 9719 DO7} 77K} 2Hadhes o= 55
29| Z7ol 2 DO §3llEe] A whiolt. Al
9] DO= FFHTE B Zhe B F2ig A s
Koz eoitt. o] RS ABle] 2 59| M
7o RIS W3] ¢87] Wil DOY| 3=
Tgh I kA ¢k Aoz SAsIt

3540] Ehe A7)0 241386 mVeY] HMAS BT, ¢
71ol= 386~482 mV WS RA}. A5K2] Ehie 717]
o] 29~571 mVe] HSE HolH, 7]dl= 149~560 mV
HAE HAtKFig. 2d). &5} A852] Ehe 53igh
AFdsl7F 2l Rbdo g DOt Ehe AklEh
s wrisked AREE o] ATelA] Doe AW
3} Aol PR AUAT El= FEIT ARz} o
Ze At o]Ze A el Wl 35} Aekre]
DO7} S7HE AN spollMe 8 259 diko = o
7] Fo& kvt WEEo] JErd AR siAsit
Garels and Christ(1965)= pHS} Ehe] TAIS o]-83}
o] FHoZ o] Aksldtel S HUIsthFig.
3) BE 4 A TAEIN A= st
9] Arlelle F2 A0 Slgo s Hols=
FLell TAIZE HAARE 71l 2kslEE EA7E H
AhFig. 3). o19} 22 Fsk= Aslgolla dojuk=
712k W32 Yo A Fe¥, Mn®, NO;y, SO %
HCO; 9] F=rsts A1 4 UTH(Mohamed et al.,
2003).

I 85 Fe¥'9F Mn*'?] FEE 0.08 mg/L ©J5tE
vil5- S ARASEE HolA] e9kth(Fig. 2e, 2f). WHA
A3 XA wE} 717] FerE 0.00~6.69 mg/L,
Mn*= 0.004~1.845 mg/L, $-7] Fe* = 0.01~6.37 mg/L,
Mn*& 0.029~1.908 mg/LZ 52 H9E Ho|m vEeRsitt.

Fio] el 7ol Blsl 9719 Fe*'9} Mn*'e]
F57F 2719 BisiA W2 3hS BT 53] Fe¥ =
£ PAW2(148) 7H2)2b GHWI1Q9H) ZH el A SEElshAl
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Fig. 3. Redox conditions of water samples. GW means
groundwater. A, B, C and D represent the ranges of the pH-Eh
value for redox conditions of natural environments (Garrels and
Christ, 1965); A =environment in contact with the atmosphere,
B = transitional environment, C = environment isolated from the
atmosphere and D = euxenic marine environment.

HA5IRaL, M? BT PAW2(178) ZH42)2F PAW2S
G FH)elA T2k =T 1ev MMWId
e Fe'9l Mn? Fx9 AFWRHIIT A9 §lda
MMWI12] Fe**9} Mn** 5% ZH2} 6537 1.88 mg/LE
ANAE Als FolA 7P =4 olAS PAWY2,
PAW28, GHWI1 % MMWI°] f/7Z 298 X5l
oz <8l Aksldbdolx S o s WeldeS o

Aoy ol WHE Tl MMWIC] 7P B

32. TARE

Table 20 579} A8l W 8 Yol Sol29]
Higk, A4, T4 2 Hagks Yttt s
Ak W 82485 SOl 27]ell= Ca¥'o} SO 7 -
AR, $719l= Ca**2} HCO, 7} $-AI3FATHFig. 4).
34 U 859850 it w7} 17]0 vlsiA $-7]0)
S71EATH(Table 1). o3 9710 W 3ol <)t ]
EAEE QB S5 AFA 2 EEERY o] &
EEE0] fUse] Yehd Axtz dhdEn) A5l W)
HCO; & A3t tite] 824859 e s5< 1
716l BlahA -71ell FAEHATE o] RS 57t B
£ FHsPAA COL% WhEsle] thde] HCOs & Alsk
of IHE AoE HATEM E AN o] U=
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Table 2. Statistical summary of water qualities of lake water and groundwater (unit: mg/L)
Season Water Statistics Ca** Mg? Na* K* cr HCO; SO NO;~
Max. 8.17 1.65 5.72 1.99 6.23 5.29 6.05 5.29
Lake water ~ Min. 7.32 1.47 3.14 1.43 2.60 493 4.94 493
(n=3) Median 8.04 1.62 5.12 1.77 5.54 5.00 5.85 5.00
Dry Mean 7.84 1.58 4.66 1.73 4.79 5.08 5.61 5.08
season Max. 62.5 10.2 252 12.2 214 22.3 54.1 22.3
Groundwater Min. 21.7 5.33 11.1 1.79 9.09 0.00 0.00 0.00
n=9) Median 35.0 7.25 19.8 3.12 182 9.93 26.8 9.93
Mean 38.8 7.34 18.1 5.03 16.3 10.1 27.4 10.1
Max. 15.0 2.65 11.7 3.47 16.2 20.1 10.9 13.1
Lake water  Min. 791 1.61 3.11 1.22 3.17 10.9 5.52 7.53
(n=3) Median 8.26 1.72 3.42 1.33 3.58 11.0 5.72 7.65
Wet Mean 104 2.00 6.09 2.01 7.63 14.0 7.37 9.43
season Max. 50.4 9.89 20.2 9.02 18.7 100 53.3 39.2
Groundwater Min. 3.88 1.27 1.30 0.58 0.80 15.9 0.00 0.00
(n=9) Median 36.8 3.52 7.68 3.09 3.88 53.0 9.44 0.96
Mean 29.8 438 8.62 3.90 6.37 48.1 14.7 7.80

(a) Dry season-Mar.

W Lake water
O Groundwater

Fig. 4. Compositions of the lake water and groundwater in (a) dry
and (b) wet seasons of 2011.

Ca™', Mg*, Na" ¥ K'= =7} BX3iE SalaA
AFAIZIo] EHANEE-S doZd g FESHA] 271
wjitol] Aalk W o159 F=rF ATk ESE Cr
SO,” ¥ NOs = X3kl HIsiA] i oz e v&
o] 7t ohF AR FYEHEA o5 FEE ]
of] ZHAsISdT). o AFtellM e AFEIA s
< A= & SIAAIRE A7AHe] 7ol i 5 W)
SEIEES ABG Ul 828585 o e sEE B
ATh(Yu et al., 2007).

v

ﬂl

33. S9Ea

S8} Ao chAs) A4 T S Table 3
of gt 349 Ak FYAE 2L 7ol 9.7
%oz A} FHIA BF 22 S B3 $7l=
9.6 ~-9.5%= X WE Zol7} AL At z7]e}
$719] 4 FHEAE 2L 2 68 ~ —67%0 —68 ~
—66%:2] WIS Ko A-wWsl} BEER stk
(Fig. 5)

ANE 2 72 —70 ~—62%0T 79 ~ —52%0S] W]
= EAKFig. 6). tite] gl 7)o vlsiA -
7loll HslE FH94A 24S B, PAW2ST PGW6
o= AgE Ao BAFEALE o)A A5t Al
2 FY=e AR Aol wE A=z st §-
71l E i) Y e A2 R FHo)7) of
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Table 3. Isotope compositions of water samples (unit: %o)

Season ~ Water type Site No. 5% 8D
UL1 -9.7 -68
Lake water UL2 -9.7 -67
UL3 -9.7 -68
PAW2 -9.5 -67
PAW4 94 -65
Dry PAW12 94 -66
season PAW14 -9.6 -65
Groundwater ~ PAW26 9.2 -65
PAW28 9.1 -63
PAGW6 9.3 -62
MMW1 94 -65
GHW1 -9.9 -70
UL 1 -9.5 -66
Lake water UL 2 -9.6 -67
UL 3 -9.6 -68
PAW 2 9.2 -67
PAW 4 -8.6 -61
Wet PAW 12 -8.9 -63
season PAW 14 -9.0 -62
Groundwater ~ PAW 26 -7.1 -51
PAW 28 -10.3 =72
PAGW 6 -10.9 -719
MMW 1 -9.3 -66
GHW 1 -9.9 -69
-50
|
LMWL S
| 8D=8.065'80+12.5 //'
o,',
g -60 —
0\8 Dry season
E | 4 ',‘ 8D=7.965180+9.77
7 (r2=0.661)
|
70 7 Lake water
, Wet season O Laks-Mar
17 8D=7.115180+0.05 O Lake-Jul
(r2=0.976) ® GW-Mar
n B GW-Jul
-80 T T T T T T T
-1 -10 -9 -8 -7
8"%0 (%00

Fig. 5. Oxygen and hydrogen isotopic compositions of lake water
and groundwater collected in March and July 2011. Lake and
GW means lake water and groundwater samples, respectively.
LMWL represents local meteoric water line of the study area
from Park et al. (2006).
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7N XK= ol ool 11 Y Eo] 7=
ol e H3lE FHU4 A4S Holu B
7F vi2 sk fE Arole 299 s 24
< Bl AoF A3}, HEgh o] o= QI3
AEle] YA 2438 710l visiA o)l o w5
HRAE BAlth A7 o] thast 4 A =
3 247} —18.7 ~—0.4%02 —142~8% WS Hol:=
Aoz A& UTh(Yu et al., 2007).

719 z4¢} Agre tiFE A H9eE5(local
meteoric water line, LMWL) 8D = 8.065'%0 + 12.5(Park
et al, 2006) FHA AP} Har ol5¢ IAIHE
LMWL Ae] HI=stATHED =7.968"%0 +9.77, r°=
0.661). 9719 &5} AT tifE LMWL FH9|
ZAPZE HJAAT FAZAHL SD=7.118"0 +0.05, r*=
0.976)2.2 712719} YAH BT 7o) HlsiA 714315
3L PAGW6OINE T2 A|elrEnt thi F3ld 4hA &
994 FA(B"0="7.1%0, 8D =51%0)> Ho|7|%= 3}k
ATAYG W Agpo) RS $7)o] HFEE e o
o FYLe] HEHNE Hole FoZ UHA 3
TH(Yu et al,, 2007). L&t} o dFollAe 7] A
3t 39} Aol SFaap) A=A Gdth =
St SRS Hole Aakre} AslgES Hole A8t
o] FYA 0] TS zlo|E HolA] 23Tt o]
3t AAZHE FROFAEHH FU9 79 dFe
2 dH AleiM] BhEES BAE AYS & 5 9
Aok, =g AFA S 559} Aie iR A= RE]
FaERL FEEEo] AL dojuA] FueS FRIE

T A

S

34. R0 ol et

Fig. 39IA 3= 2ks) 2 318 o] Halr) gla o
FHo| 2557t A7)0l 2lslegol sggos
AT Fig. 60l gkl 2 2lsl8go] =HAS
A HRSSh= NO;, SO, 2 HCO; 9 F%=¢ Ehe]
AHEAE YeERRILE 35 Ehe] Wl wE EC,
NO;~, SO 2 HCO;9] Wiy} B2=A] eic). oyt
A3l 4= Ehel EC 2 HCO; &= F3lekAle A wt
o) ABBArE B AL (Fig. 622} d) En} NO; 2
SO,/ = ofugt A FAEA] ASTh(Fig. 6b2) c). A
slrellde 73710l HlIsiA $710l NOs 9] =7} -
Lol E3] PAWI4, PAW26, PAW28, PAWG6, MMW1
2 GHWINA NO; 9] F=7F 1 mg/L ©J3199th. PAW2S,
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Fig. 6. Relationships between Eh and EC, NO5~, SO,*” and HCO;™ of lake water and groundwater collected in March and July 2011. Lake

and GW means lake water and groundwater samples, respectively.

MMWI1 2 GHWIOME Fet 2 Mn®9] s AA
o] W wskgle] =7t vig- =AUk ARGl e
= 7 W NOy 9 HT 5w 4.3 mg/Lo|MI(Yu et
al,, 2007) =7F B3PS A W NOsE F7H
o2 I 7Fsde] derE A§g Ul NOy 9| 5%
= 1 mgLET} ook HARF G828 (denitrification)d
°] NOy 9 TEE A= 71%o] dofupx] veRdt
A= g ey 97)d] gdzkgo] dojd o]
offe} 7i7]e] gaARo] A&H0F dojupx §7|%7]
ol& NOy; 9 F57} w9 22 Fo= 3ot
Mohamed et al.(2003)2 X|s}rollr] E22Lg0] o
o FrIEARRE AXE FEe E0A NOs=
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