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Characteristics of Groundwater Quality in Sasang Industrial Area,
Busan Metropolitan City
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In urban areas, groundwater pollution is heavily affected by urbanization with land use types. This study aims to
characterize groundwater quality and contamination in Sasang industrial area of Busan Metropolitan City where
metalworking, machinery and footwear factories are located. Busan Metropolitan City is the highest in the utiliza-
tion of groundwater resources among the metropolitan cities in Korea. K*, Na*, Ca®", Mg?*, CI', SO,* and HCOy
concentrations, and electrical conductivity (EC), total dissolved solids (TDS) and salinity are high in the areas near
the Nakdong River. The results are attributed to the influence of salt water which intruded into the coastal sedi-
ments during sedimentation. In addition, the dominant chemical type of Ca-Cl indicates the influence of salt water
in the geological formations as well as anthropogenic pollution. SiO, ion is interpreted to originate from both
water-silicate mineral reactions and the decomposition of cement concretes. Trichloroethylene (TCE) was detected at
12 sites of total 18 sites. However, tetrachloroethylene (PCE) was detected at 4 sites and 1.1.1-trichloroethane
(TCA) at 3 sites. According to the factor analysis, factor 1 was explained by 49.8%, factor 2 19.8%, and factor 3
11.0% with total 80.6% explanation. pH, TDS, salinity, Ca*, K¥, Mg?’, Na*, AP', As®*, CI" and Fe** were posi-
tively highly loaded to factor 1. The chemical components loaded to factor 1 represent the chemical characteristics
of both industrial pollution and influence by salt water. Based on the cluster analysis and distribution pattern of
chemical components, the concentration of Na*, Ca®*, CI, SO42“, K" and Mg2+ is high in the riverside area of the
Nakdong River composed of coastal sediments that is influenced by salt water. The downstream area of the Hak-
jang Stream is judged to be affected by both sait water and artificial pollution. The other part of the study area is
interpreted by anthropogenic pollution. '

Key words : Sasang industrial area, groundwater pollution, TCE, factor analysis, cluster analysis
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ClEe & d7A9e A3k 920 L% olveg} HHE & Fislo] e g8 93k wy gl A
AF}, Si0, °)& B NEFE AEs Zaz|Ee] B 4EE daEn. TCEE F 1804 5 12704004 22
Heen, PCE= 4 T8 TCAx FidddA AEFAT. a8 el oshd, 89 19] 4¥E8S 49.8%, &3

*Corresponding author: hsy@pusan.ac kr

753



754 A - AEA - oE - AAE - AR - A

= 19.8% 2813 29 38 1L0%ejth 29 19
K*, Mgt Nat, AP*, As®t, Cl, Fe?to@a] o5

rlo e

ok RYRAS R FOA BRI o5k, HERU
£ Na*, Ca®t, CI, S0, K¥, Mg?*e] %71 ¥A

Ao} AL Hol= AEL pH, TDS, §2%%, Ca’,

543 g8 9% T dEse Aoz aAdd

o] sjtE A Zo] ¥Rt Fro FFE T A
Fe o $ 9t 23 R RdME 94 9
1

FR0 | APFFEAY, Askred, dadedd, 8J8, FHEY

1. M

ru
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Hol 7l itk o)== AFE7Ie} ARl W= <ls)
A ZAFE Qo] tkEiAL eEEdY FHR &
oulr] wEolt}, ole} e AdoA HRFAY &
3] Bl S8 Askre] oA tigT A
AaL Ak 2 fepvete) gisA A Asee
FAA T, SRATEIRRY &2 57, A8
59 98 7R Q93¢ 2dYe) =2 5] Q). ¢l
AHe 2BEA L BEX $5GFA - 49A9Y, 39A
d, 949 28T 5AAG)] wE g &,
ARG A3l FEE A28 ER <
A, FA4 - 39A9G 2 $4AFLS Agst BE,
Zt el QsA el ZARGL AAFE 9
&AM eFHAY 2 ol ARt 53, F 2F
EZo] o3t A3l 0¥ 7HeAde A3 oA S
o0, TCE, PCE®} 7-& 94A f71eg982e] 34
Ao et ope}, FEIME AEHT Y= AA
olt}. ol @AY EXLL #nt o}t 3 2] EX
2 Asede] Fa3 Wavt doks 2L 9y
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o g 51997y Rt Mo 27|yl AE
5 ATty 289 501972 Ao 28 7]wY
o] el grajAlad BAATANA BE
S FAsiATh A% 5019993 Cho(2001)=
2| AA] a3l 51 8 FIIEY
Arsieh FAHE 519990 FAF BAEA]
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TS(Total solids), KMnO4 Z#|&, Cl, SO, NO;-N
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g, 2T, #2718 WEAe] e 5y v 2
A I oy SAch. AARER A IA
(20035 FAEAH 9] Al 712RALE B8l A
Al A FEAA, A3l FEEAY, A3l ¢
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Jeong(2001)2 thRA|S A&l -do] thpFe] A
ARthe BEXE5e TAS) o 2 9% B 9
S W3} Appleyard(1995)= A5 S5-9] dlQAI 9
2 A7} Fagol) ue} AJske g o] A
A @eld& Bsict Bruce ef al(1996)= == @l
] AEAE I Bx] fx9f PSS A7
oA, BEXEo) ufE )3l A o) AAEI
Hong and Rosen (2001)2 Fawdli= oFWe wolR
Aol tiaiA FRA] Askr gHoFol Ak ol v
E 9L ATAUEYIHE ol ale] AFEITh

B d7E 2001858 200337KK] 3z A2 X3}
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Fig. 1. Location of observation wells and drill holes in the study area.
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Fig. 2. Average thickness of geological layers.

AFART} BEIL, =R AGo= AFH| of
2BEU AMERZ 27Eo] oja A7l g
o A A AE gt = glov, AR ATHEE
G2 AAZAEIA(1990)2] 1171 Al5F AS(Table
1L, Fg DE 7122 3] d7A|de AsA|dS 7=
Hog gyt AsAA S AXRRE o, Al
97 2%, AEZ, A2 WES, T3 192
Ag s3] o vepdth 2| AsAA F
o] Eo)gt (BH-5, BH-8, BH-9S A& vpniA] 8
el NFTe Ha AF FAE 2H, vigS, g
B, AES, A4 HESS FA7F 47 1.9m,
60m, 98m, 54mEA u©lZAZ F FA}
23.0mel) o) Er}(Fig. 2).

3. oty
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Table 1. Subsurface geology at drill holes.

o - AL

LR -

3kl Askr 294S Wkl k] 3zl AAAM A
= 10~200m¢] 1971 A 3E(SSL, SS3, S$S20,
SS21, SS23, SS24, SS25, SS27, SS28, SS29,
SS30, SS31, SS34, SS35, SS41, SS43, SS45,
SS46, SS51ll tisiA FARAME AAIEIRI
ARE 1RE2AH2001E 99 269 ~20014 10€ 18Y),
2222 H20028 78 23U ~7¢ 279), 3REAH2003A
89 129~89 13Y)E HAIEI). 1AkRAE 2]
22 ZA A Gl SS3, SS257F, 3xFFRARA o= SS28,
SS30, SS45, SS8510] ¥IIA7] WiEol ZANE a3}
A Z3Ach A3 A8 MEE AR wEExt
SS¢t dHEmFE 7)ASkT)

A5 AEA FEL2 F&, pH, ECEH7IER),
TDSEGZEE4), 985S, En(21s-8iAe]), DO
LE4n), dZEiEolt &8 UAELeRA(Sato

PN
Az

TR
Model SM-1250MC), pH= o8 pHv E(Orion
Model 2504), EC9} TDS 8]x d¥Ese &4
EC v]E](Orion Model 115), DOE #thg& DO ulg
(Orion Model 810)E A}£31313 Ehe pHUuH o)
OrionAte] 4Hsk-84l A58 FA3sie 24319 2
2 YL E(HCO,, COZYe WEodA9) AEx
2HRlg o83 AF3t AgHeE S5

K*, Na*, Ca®*, Mg?*, Fe?*, Zn?*, Cu?*, Sitt,
ABF 59] ooje3} F, CI, NOy, SO,% 59 2oj&
o] M= AllrdwA S Atk AlFdRs
< S8 S st glojd w7kR] ke
o] PgskE Tl Alg ArE AAsi A3
H ANFEe 045 um "AFF AR BHES S
5] oA eisie] AetaA i EAd wa)l 2714
FHE AL &, S0l2EA8 NEE oA
£ T YolRENE AlEE AFAE e} AXEE
B4 sk AR ElE 0.05N9) Fx Fake AMgE)
o] ARe] pHE 2~3At)2 FAS=E 3ot 27
3 7ZHe] AlEE 100mie] Fvt Al got 4°C
o|3tZ W7 - gxlste] A MdelA] EAEch AW

BH-1 BH-2 BH-3 BH-4 BH-5 BH-6 BH-7 BH-8 BH-9 BH-10BH-11 V¢ Ave. depth
thickness from ground surface
Tandfll 16 30 37 22 85 15 25 00 00 00 00 19 9
Sand 45 40 140 00 00 135 70 00 00 13 37 60 79
Clay 58 245 163 228 00 00 00 00 00 08 80 98 17.7
Clay with gravel 0.9 2.0 126 10 00 15 145 35 90 95 08 54 23.0
Weatheredrock 6.1 07 00 00 45 00 00 52 83 00 62 16 247




A APFERRGe] REKE 2 B 7

A AR F gol(K', Nat, Ca*, Mg, Fe?",
nt, Cu?*, SiZ*, APHL GAEEZFEA7)
(Inductively Coupled Plasma Atomic Emission Spec-
trometer, ©|= Thermo Jarrell AshA} =4 ICP-
IRIS), == Fe?*, Zn?t, Cu2t, SPY, APYE QA&
547 7](Atomic Absorption Spectrophotometer, 1)
= Thermo Jarrell Ashit =4 AA SCANDZE ARE-
BT, 20 &(F, CI, NOy, SO oleagmE
#¥ (v]= DinexAl DX-500)8 ARESISien $=7]%
HSA A7 Bkl B8 st #7149
A238HE9) TCE, PCE, TCA(1.1.1-Trichloroethane)x=
FAEEA BAR AT o=sle] B4t

3. FIldRe &84

3.1. R7[dEe s

1, 2, 37 RAM ABtpY] 2=e 242 170~
21.4°C, 17.3~25.0°C, 16.4~18.9°Co|x, U7k 7+
7+ 17.8°C, 18.4°C, 17.5°Colti(Table 2). 18]35 Ht
F2& Z7t 18.1°C, 18.8°C, 17.7°Colth. 1}, 2%},
32} ZAMAZES] RAabgAlel 937 7L 77
22.7°C, 24.0°C, 24.1°Ce|c}. matA, RAskre] &=
71&9] e AA A @7 o Hvh et
AR Ry F-2o Hxshs FEGAG 5
7AhA FolAl A ZIAY E= AT IF¢L o
B Qg lE Aoz W),

1, 2, 3% AR pHY W= 22 6.06~7.71,
5.89~7.16 22| 6.09~7.32 o|th(Table 2). =Yg
Z7F 6.76, 6.73, 6.82°1 Hagke 22t 6.81, 6.69,
6.800.2A4 RS vERAL Slth webd, BE A
7} 98 54715 (pH 58~85)l &3},

A7IAE=EC)E 14}, 23h 33} ZAPIA 2kt 225
~19,800 uS/em, 259~ 25500 uS/em, 136~12,670 pS/
cm®] HHE Btk F47E 27 1,220 uSiem,
2,350 pS/em, 1,075 pS/emel ¥, H#3kE 27t 3,466
pS/em, 6,255 pS/cm, 3,035 puSicm=A] ARbAQ] =3}
FEG R A YeRdh ECe 2%, 98 2% 1
g Frod mEk gEk, oeby] AR HdA
ECHE e 2n9) o9 w3 Sl Ao Jd
"ot slijE o] g, 20 1°C Z7ksHE EC
= ¢k 29 =7kl RoE HuHTHEFEA, 1998).
E3] 223 ARs 7EYe AAEeEE 7] JF
S ) =ZA we Aoz vkt 2w ECHY
10,000 uS/cmZ Z=3sH= SS1, SS46, SS512 Wt

ol A3 UM e} BIFE diHcE
o] ¥H= Zlo g Foreo)

El= 12}, 23}, 3% ZAMIA 242} -71.0~284.8mV,
-123.5~259.5mV, -115.2~267.1mVe | Zgke k7t
1423mV, 809mV, 3.8mvVelx, Hape zZZ
143.1mV, 72.2mV, 20.3mVe]th SS1, SS21, SS30,
SS35, SS45, SS46, SS519 A= AWIEHE et
A, o] AFEANME d BES B4 Uehdth

1, 2, 33 FAIA FEE2EZA(TDS)E z2F 107~
11,300 mg/l, 124~ 14,500 mg/l, 65~7,690 mg/S 10|
o, 278 zbzb 592 mgd, 1,170 mg/f, 487 mgfl, I
@S ZHt 1,869 mgd, 3,434 mgl, 1,638 mgfloltt,
122 ALY A ZARAAE F 1034(SS20, SS21,
SS23, SS24, SS25, SS28, SS29, SS34, SS35,
SS41)0] E<=(TDS 1,000 mg/leldhell 43w, Wi
(TDS 1,000~10,000mghel &&= AHL 6 =
(553, SS27, SS30, SS31, SS34, SS51), H4(TDS
10,000~10,0000 mgMol| &3k AL 1 Z(SSDoltt.
22} ZA Ao = 7 32(SS21, SS23, S524, $S28, SS29,
SS41, SS43)¢) wEol ek, 9 34(SS20, SS27,
SS30, SS31, SS34, SS35, SS45, SS46, SS51)0] Wl
5, 3N A (SS1, SS46, SS51)0] Foll &I
3R RALY] Ao, ZARA F 53H(SS21, SS29,
SS34, SS41, SS43)0 Tl &3k, Wil 43l
AFL 671 RSS20, SS23, SS24, SS27, SS31,
S835), Hroll &3k A-L 20 A (SS1, SS46)0]
o}, HkgeL de] el A9 siRkEFE W
FH0] A= FRY IS vy Qe o Ay
th AAZ SS3oME AT FAREA] AlRgo
A A&} ¢ 9m AFA o] oF 20em 7S] =
MNAde] 2E% gt

dEsEE 1320 0.1~11.7%°)2, 234%
Aol 0.1~155% 18| 37 ZAJl= 0,1~7.8%0
ojth. 1}, 23}, 33; ZAPIAN FUFEE 27 0.6%,
1.2%0, 0.5%0°] 2, BFES 2 1.92%, 3.61%o,
167%°]th dEFE7 =4 Jehds A (SSl,
SS46, SS51) YO EA Are) RS B Q)
t Aoz dgdr)

SEHAD0YE 1, 2, 33 AWMzt 237~
163 mgl, 6.29~17.1mg/l, 1.09~548 mg/e] HUS
Holw, Zofzte zbzy 723 mgl, 10.58 mg/l, 2.92
mghE 2t 28y Ha3e 8.73 mgl, 10.57 mg/,
2.85 mg/le]th. 13}, 2xkzAlA = DO Hagke] 3k
9 34 74 Ve F AT 19 fAE
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PN APIFAAGY Askr 51 54 759

]l 7.5mgl ool HPs Aoz Yt on), 33
Me IAET 287 FHET 37y FEE
@ mgl ol Ags A== D07} Zasidch.

Ca* 55E 1, 2, 33} AWM 742t 26.07~479.9
mgfl, 17.32~604.7mgf, 17.92~284.92 mg/lo|™, &4
2 7 1159 med, 109.6 mgl, 123.97 mg/l, Bk
& 7217+ 1843 mgd, 151.77 mgfl, 94.93 mglelch. ulek
A, 1L 23, AR ZE Hitgho] wolin)

AA AgEolM CaPt o] 'R Fidhe B9
A ksl e #3188 (congruent dissolution)® HAJ=
W, A3 2] v Z8-8-8) (incongruent dissolution)ol|A]
% Fdigick(Appelo and Postma, 1999). Z3h8s=
aA7F 8 o, 2349 TAAERE AF d71A
2 AL DeKSaether and De Caritat, 1997, p.
4). Ca®* ol&g A, A8, ALAR BEXE
Hspa(CaCly) 59 UAAHA LHUNME Faj g
Ttk B A7AGL ALH '] Al Jlgx
Aoolmz, Ca?t o]2o] AMAZHE FefslA|
Feth wEha, 2RAAQ) 7ol ol Calt o]
2 Qg 9rEYEH fEske Aoes wd

2 4

o (I

it orle M &
N g

°

Mgt BEE 1, 2, 33 ZALIA 2zt 631~
293.9 mg/et 3.85~173.7 mgfl, 8.50~342.45 mg/lolc}.
a8 FYe 72 2464 mgl, 27.26 mgl, 75.22
mg/elth, Bt 13}, 23}, 332 242 Yol w
A, 22t 54.65 mgd, 50.67 mg/l, 27.16 mg/iE BRItk
A Aol Mgt o] wen MgS ¥3H W
BN, FE, 244, 34, A, SUA, AR
L2 RE SFcHem, 1985). E3F A=
Mgt o]2o] A4=2HE fal & gtk B 92X
M EE M@t BES Hole AFEL g9 98
< W e AoE drrgd.

Na*tel F=& 1, 2, 33 RAA zHzh 13.39~
2,866 mg/, 13.96~802.8 mg/, 14.98~3,051.53 mg/°]
3, F4gHe 27t 951 mgl, 134.8 mgl, 563.62 mg/l
oit}. Hazte Z4zb 45276 mgl, 228.55mg/l, 86.85
mgfEA 252 ot Nate 7P Z23 <4
HAERA FELON FIUEFS FE= EAgi)
24 deellA] Natol22 nlzslgslo] 2sjr] <}
o|E7} ZAlo|Ent FhEEholER WAREHA FAH
t}(Saether and De Caritat, 1997, p.6). 2k &%
7} %3 pHY) HIRE ES we dulo|E9] uzs)
L3l oJair] 2mele]ErF A4E 4 ok Nat o]
2o AGAREE T F5 oy, B aA7AY

oM AR A%t itk e, gl 2JsiA
Na* 557t 2712 & ok slsol gaise] e
Nate] FX+& 10,560 mglo] Z(van der Leeden et
al, 1990), dWAQ A9 BF-¢E 200 mglo) st
(Todd and Mays, 2005)Z BT} 2 AFA A=
AR wEtAs gukAel Xskeno 84 2 Nat
FEE Hold oA o] JE e W ge Ao
2 AgEn, JA4F 881, SS3, $527, S$S30, SS31,
SS34, SS35, SS45, SS46, SS51 AL wkgrel o
4 g &3},

K* ol29] 55+ 1, 2, 33 24 7k 1.34~
76.73 mg/l, 3.50~61.40 mg/, 1.17~56.98 mg/¢] H$
g BY. F932 Zz 695mgl, 9.38 mgl,
12.87 mgflo|w, HazhE Zkzh 17.15 mgl, 18.26 mgf,
6.06 mg/lo]th. AAAR] 719e] K o] &2 vlzses|
o oA FAA, nlabgAe] FhEEvelER WA
A FA"EG, KT ol T3 S-2=(KMgsFes)
(AlSi))01(OH),)7+ ¥n|EeElo|ER HARHA A
715 3t} (Saether, and De Caritat, 1997). 32
Ae K*7F Na*Bo} ofzh w2 s Hol, 54
ollME Nat Hrh F9sit), K'e 5489 g9
2 &9 shieolBg AR BHA FlRHEEC E
v KSOy7F A3lE e9Ad & i =3 K
Al siekAge] deERE fHE 4 Ak
K* o]& 57t 34 Jehbe AHES 9] 4%
< W0 3le AoE g

HCOy <12 =& 1zh 2ah, 33k 2AbelA Zhzr
81.46~65291 mgl, 66.78~693.80mgl, 70.48~475.96
mg! HAE Bl %72 747F 23584 mgl, 350.25
mgl, 31181 mglel™, Haga 242 27832 mgl,
321.29 mg/l, 289.73 mg/e|t}. AA Aeos Bk
FEo 3y 7] B B CO, 7k S3i= s
A1 HCO3 o]2o] A€ 4 gt} BAIRY M= &
7IRHEARRE fHEE CO, 7h2e JeiMx
HCOs o]¢] AXE = dKClark and Fritz, 1997;
McCall et al., 1996). 315oll= 142 mg/e] HCO5 o]
2o] &3)=lo} 2dvMvan der Leeden et al, 1990).
£ ARG = BEE, O] 2 EF CO, 7t
&, 1S HEARYE fEshe CO, 7k B 84
2R HCOy o]0 i3l Aoz wag,

Cl |29 Fxe 1, 2, 33 ZAloiM Ztzh
15.3~6,654 mgfl, 14.87~7,066 mgl, 27.81~7,635.90
mgle] MYE Holx Ut £U7kS zkz} 2683 my/
I, 311.8mgl, 21009mglel™, HFzL Dz
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1,050.66 mg/, 1,512.28 mgfl, 1,372.01 mgiEA 23x
AR EErt 7P w0 AERGolM e 1ARRANY 2
AzAA = ke AE7E FW HeEE 7I1EA
250 mg/l °I3HE ZFshe= CI ° FEE Holi
Aok, e FEAY A3k Gl BT
10 mg/le)th(Todd and Mays, 2005). CI' o}&-& I
T FEEERE 2 4 5] 3, fAE
FEZREY §& o025y #3808 (Nordstrom ef
al., 1989), 4% AlsfpollA EA viepdu). w3t gt
2, A g, B 24 T2 WA, AAA
T AE L9YeERE Agir fY=7IE @ O
2 A48 B ARE G2 fU13RME] AR
o2 AMgdrn). gebs Cr sjagaze d4s F
GAGe ] He2RE feske Aos wdEn)

SOZ 029 FEE 1, 2, 33 RAIA Z}7 160
~3540mgfl, 13.66~319.00mgl, 20.49~379.07 mg/l
olm, Fzke zkzh 89.5 mgf, 91.5 mg/, 107.75 mg/
ol Fazte ztzh 106.1mgd, 115.88 mgd mg/,
11643 mglEA 2319} 3RERAMN] B Ao 7).
Yk 239} SO 0] FEE 300 mglolsto)
tHTodd and Mays, 2005). A& &<l 7199 S0
o] My AMT Fe| FArIBE (sulphate)lM F
#3ict. =3 AN, AFAY, g5 Fo FAE
(sulfide)e] AH3lahgolld GRS ALY, §7180] v|AE
o ojsiM Eal=le ARl FAHETHEDy, 2004).
T AL di7] FeM SO.EFE KskAY
(Keller, 2000), SO°] F2HH,S0)S B IE it
S029) F8 AL 38 AxGFE BT
749 Mge) i), AR, Fo), AWE, &7
o AEAA, AsA w77kE Feoloh T3 FietA|
Holrs SRkFe] slgollM fefste] JeAlskrel &
A 5 Uckh sPdget WAL SO °l& %
TZE 100 mg/Ett Yri(Davis and DeWiest, 1991).
2y, B drAgeM e B 100 mghE 943811
.01, SS1, $S30, SS46014 HeE 71582](200 my/
PlEhE 23tz Yok Mk B d7xge SO2
ol FEe AAAR Jdrtks T AF, AFA
wi7i7ks, b7l 9 So] A9AERl eddy) dfe
B 1 ZA e Aoz dAgd.

NOy ol2¢] s%& 1, 2, 33} ZAllA 2z} 0.1~
583 mg/l, 0.12~55.35mgl, 0~15.08 mgicl™, 5%
e z¥ 0.7mgl, 1.87 mg/l, 0.50 mgfolct, Hagk
L 7tz 51 mgl, 958 mgll, 2.69 mgdEA 23FAMA
F%7t 7 =4 JERdth NOy & 913 e4de]

oAg) -

. st - A

Ad a3

AXAR g 2o|a 1o, AL, F4F AT,
&9 uidE, f7189] 29, B8 FoX gt
AFAGelA NOy 5=8 Haad $9%ue 9=
71Z2A(NOy FEF 44.26 mgh) olWel $ic}, et
29)7)-eRMe EY FaPg A3l SS28AME 1
2, 23ZA A "R JEXE 2H3s 47
583 mg/, 5535 mg/l7t AEHAUT. ol 27| 24t
ko) ARl freishs Ao2 Add.

Si0,0 FEE 1, 2, 33 2APIA 2z 4.06~
64.35mg/l, 8.69~52.24 mg/ll, 10.20~59.94 mgi°] X,
ZUgke b7} 38.72 mgl, 34.27 mgll, 40.37 mg/lelt).
Bz 717+ 37.06 mgl, 32.49 mg/l, 41.00 mglEA
32AM =7 7 E=oh dRbERl A ErelA
Si0 =T 1~-20mgld=oltiTodd and Mays,
2005). A AdejolA SiO= AR AR, A%
A )9 Lalol o3l AR fUE)h Sio= §
S ME RHUR, 2oz, T oA, FAb
HSI0y) T itelee] g2 243K Greenberg
et al., 1992). 219 gele g S0 FATEY
2598 A48 = dd(eong, 2001; °]&R! T,
2003). £ AFAHL FHAHo|BRE FAFFES] &
Wt olje} FIBES g3fo siA dHE- Si0z7t
frelshe Ao e

F %< 1, 2, 33k &2AA 22 0~1.2mgl,
0.03~3.28 mgl, 0.01~0.63 mg/iol™, Fuzre z}z}h
0.1mgl, 0.14mgl, 0.09mgl, BF7S ztzh 0.19
mg/, 0.37 mg/l, 0.16 mg/elty. AFsH o R F ol
4, 184, Sem, MMM FHE 5 Utk B
g B 3 7ReollA &3] e ti(Hem, 1985).
F o] 22 3P)et, B, Huld Ahe] 417 A3l
A Be FEE Hole Aoz dEA rtk ¢1H
8902 dFn)F Az, QiR A=, 2, 93,
B 34, AV Az, A Az, Gul Az, A
A 59 w Ax FAA FABTHRNS T,
1996). F 0]&-2 2x}2AM] SS51(3.28 mghE A<
RE ARAAN 9eE 7)FX(L5mgle]dh) oJule] 3l
B AFA G F o] 328, 74 Fo
A S 19 2B fefels How
derg)

Fe?t 5 1A, 2%, 33 2APIA 7212 B E~
3.60mgl, E4&~336mgl, BHE~4.74 mglol 1,
472 712 0.01 mgl, 0.03 mg/l, 0.66 mgf, Ba:
2 Ztz} 045 mgl, 0.54 mg/, 0.07 mgie)th, 33l
A fEE de YRE nE Exs. xRk 39

n ool



S APFERAGS) sk S

=t nFLIA T SpARSO] A4E IS v
o} 12F ARl FRS AlBoA HER 71E4]
1 0.3 mglol3kE Yehtx| g, $5359F SS51e4 He
B 7EANE 18] AR A6k Y32, 23 ARG
SS41& AQgt Ao] AZE EE AN HEE 7]
FXNE ZFsln on, 3xpEAIIME 5724(SSL,
SS21, SS27, SS43, SS46)lM HEE 71EXE 23
3t ok B A7 22 skl 7k B3
739 HEZoe Fe Aol e Aoz U&HA
Ao (Boggs, 2001), ol FEAGIME Fe A
2o] fefgroam, Asjgolr] Fe?* 0|29 5urt &
A Y Aoz sjdgrh

n’te FEE 1, 2, 3% ZAMIA ZHz 001~
145 mg/l, 0.01~0.51 mgf, 0.02~0.52mgle] HHIE
Bolx k. T4 2zt 0.09 mgl, 0.03 mgl,
010 mgiol™ B Zhz} 021 mgl, 0.07 mgl,
0.05 mg/olt}, SS289] 1.45 mgle ALJsli= HEE
71E2(1 mg/l) ool 3ict.

Cu?*e] BEE 1, 2, 33k2AM] Zzt BEhE~
0013 mgl, B4E5~001mgl, E45~0.04 mglEA]
EE AE7 98 71EX (1 mglelsheiddl] gt

AP+E 1, 2A:AIE 28R sk, 33kEA}

4

d 761

4

oME 0.04~0.23 mglE YehIY, $U3 0.12mg/
I, B3 0.1l mglelth. miEkd Al SS1S A 93k
RE AN HeE 712402 mglh) ool

AS**E 1, 222ALIM e BAE1A) Goka, 3xRA}
dME BHE~0.02 mglo|th wletr vlaE RE 7
HollA] Hegd 71521(0.05 mgh) o)Wol] ),

32. =3 /Y

A e S8 o]&-9] Y|FHH|E Piper diagram
o =AlEl 8 fR8E AHEH, IAARARIME Ca-
Crgo] #4181, Na-Cigo] 4% Jepdti(Fig. 3). 2
RpzAL, BREEAL AE HA] Ca-CIEe] $-A|5H)
vreRdtt,

AAH As F8S Ca-HCOsE Na-HCO.3
of &sle Agrt Bk ey, Aot a2
5o L LAY, AH9AY 2de) F¢e ww
%S e Ca-ClEg Helth B A7XGoMe #A
el o] A Sl HAFe] £x3a W A
Holmz EFZUo) o] e G| MA3] A
SR FUEHA e Aoz wEc g4 H3Y
29| Folewetgol] o5t HHZ 4ol Solw
Ca?*o]2o] Nato|3} g oan R)sle 28

Fig. 3. Piper diagram of groundwater samples from the 1st, 2nd and 3rd investigations.
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Table 3. Concentrations of TCE, PCE and TCA.
TCA PCE TCE

Sample no. Ist 2nd 3rd Ist 2nd 3rd Ist 2nd 3rd Mean
SS1 N.D ND N.D N.D N.D N.D N.D N.D N.D N.D.
SS3 N.D - - N.D - - N.D - - N.D.
$S20 N.D N.D N.D N.D N.D N.D 0.214 0.151 0335 0.163
SS21 N.D N.D N.D N.D N.D N.D 0.036 0.011 0.016 0.021
S$S23 0.018 0.001 0.005 N.D ND N.D 0.432 0.274 0.744 0.483
SS24 N.D N.D N.D N.D N.D 0.002 N.D 0.004 0.014 0.006
SS25 0.001 - - N.D - - 0.040 - - 0.040
SS27 N.D ND ND 0.042 0.011 0.042 0.067 0.034 0.074 0.583
S$S28 N.D N.D - N.D N.D - 0.033 0.016 - 0.025
SS29 N.D N.D N.D 0.001 N.D N.D 0.144 0.123 0.034 0.100
SS30 N.D N.D - N.D N.D - N.D 0.002 - 0.001
8831 N.D N.D N.D N.D N.D N.D 0.491 0.428 1.088 0.669
SS34 N.D N.D N.D N.D N.D N.D N.D 0.001 0.002 0.001
SS35 N.D N.D N.D N.D N.D N.D 0.001 0.010 0.00] 0.004
S$S41 N.D N.D N.D N.D N.D N.D N.D N.D N.D N.D.
SS43 0.013 0.01 0.016 0.006 0.02 0.004 0.027 0.020 0.024 0.024
$845 N.D N.D - N.D N.D - N.D N.D - N.D.
SS46 N.D N.D N.D N.D N.D N.D N.D N.D N.D N.D.
SS51 N.D N.D - N.D N.D - N.D N.D - N.D.

*N.D means not detected.

o] Ca-Cldez WA ® Zo=z s|dHtHAppelo
and Postra, 1999). Z28]3 Ca®*o]2-2- &|2tE| 2 B
o3l FRAo) 2RAE SolA sk Ao
2 #dg Fg 395 o9} 7he Ca?told
Nato]eo] w3mig-g 2 ReF3 ot

4, R7\12YERY s

A3 W 54 719 EAY sEE gl 9919
W sRUAHE £AAY] AEol EREEA A
Zhgk ofdeFe viAA Fok AHEEH B §F
EHIES A58 EE ] Al 2718 vt A
rEAoA B 54 B W fU1EdEe] 3
Ha k. FRAGAN &3] AEEHe FrIeg9EE
% TCE(Trichloroethylene), PCE(Tetrachloroethlene),
TCA(1.1.1-Trichloroethane)E &4} 5t tH(Table 4).
TCE, PCE, TCAE= DNAPLs(Z¥%= w84 oA,
dense non-aqueous phase liquid)®] t}. TCE, PCE,
TCAS} &5 F=2 =folazd A, AT
20)7] &), AR HiA|, AhAEA|, FHAEH]
BA, S5EE] @XMAA, HUE AAA, HE
AEA, &k, @A (degreaser), F&A, AR5 A
8 Bolrh

TCE= #Hre] AlsoM A&Hsien, A&d
F79 Algo)A HEE 7IER(0.03 mghE 238t
HTable 3). Beg 54 7€ 2sts AQE
(SS20, SS21, SS23, SS27, SS28, SS29, SS31,
SS43y> FY, FYo 7ANSE, vHEIFEFRY
AzGA 338520, SS23, SS31), AR 232(SS21,
SS27), A 13(SS43), 24 13(SS29), 2287
A2 AA 134(SS28)elth. TCE 714 &4 A28 X
Z(SS3) TYRZAZYAZA 1999971 A=}
AES AR 2 o|Folle AFeAt FxdM, H
= g 7y RES AT U= Aol SS3104
TCE®l %+ 1xbollA 0491 mg/l, 231X 0.428
mgf, 33004 1.088 mg/EA HelE 7SR 149)
WA 36t o A AEHAT ol AAFEY A
Ao AME-EE TCEERE f38le Ao= wdd
o} £448(SS29)0lMe TCES AHE3kA] ot &4
Al AT AF Foll AR AR FEIAEER
g #3E 7ol &k TCE A&X M Had 5
Te 3X2AM 7P 27 vERdTHFig. 4).

PCE& 33(SS27, $829, SS43)eA H&=H ot
SS2791A e 1xXH0.042 mgh), 2x1H0.011 mgl), 33t
0042 mgl) 25 PCE} HEE 7EX)(0.01 mghE
z3481] AEFUTE SS27L MapAolmZ A} Ale)
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Fig. 4. Bar charts of average concentration of chemical components from the 1st, 2nd and 3rd investigations.

AM-EE FEA] SolM PCEZ} diske Zos 9
"l SS43d M e 13, 23}, 33k RAbelA zZzt
0.006 mg/, 0.02mgf, 0.004 mg/= A&, 23}
ZAIM T Hegd Z1EX001mghE 2t
SS438F-2 At 2bEAL M)A PCEZF
#Hale Aos gt PCE 22X HEF 55
L 1, 3ARAM] BRE AZ H)EEaL, RPN E
ZHA3I%ick(Fig. 4).

TCA= S523, SS25, SS439417F AZEon, o
=& 71EX 0.1 mghE 24K e &3t

3319 Az TCE, PCE, TCAS] BAA=E HH,
£ g 2] ARoM TCEZE HEE ] 34A
oA Bo| AREE TCEF 9F9s F4log &
o) e el FAs X3RE FHAA 2HA
Z & UL AAZH

P
-

5. dES7le] oy

13, 23 3xkzAN] AR 5o Haglog2RE A
27 438 B3t EC, TDS, 88%=
e ABASF 099 ol &2 e HelY
(Table 4). GE-552} Cl, KTAlolol AdASE 0.87
ooz EA veur Jon, dEFE Nat,
Mg?*, SO2Z7ls ARAS 06 olde) wind e
AoAE ez It =3 985 Catzrel 4
A= 05 A= LERDT. ol 8 £&0|2E
o] A9l Pgg WA Y-S AABRE Reolh

NOs9 F8 ©]&EMNat, CI, Kt, Mg*, Ca?*,
SOy, HCOy) ZHlle A9 o] gAY &2

4L BAFT Yt ol @3] 23 Gk miy|
i AL nd). Si0eh F8& ol LENa*, CI,
K*, Mg?*, Ca®*, SO, HCOZHlE 25 &9 A
4L Bolar Yt Na™7) 5% 99 ES 35
3l Sl gol BEShs x99 Rl =
Si0, ¥E9 B Si0y/Nat 24 2812 & Si0y/
HCO; EH|Z 29t} (Hem, 1985). £ d7x|ge
Qhakba gl REFL Ye AFGolA T Si0yeh
Nat z28]% Si0,9} HCO 7l 29 AL Hols
Aoz Bol Xal¢ o] EFE whgutie g5
o F3oh} el AYH 2Fe FFL ¢ A W
Z YL AN =3 o] RFelME IR Si07h
FAZES HAo)A felsle Aoz Al

HCOs 8 th& Fa o]&Mat, CI, K*, Mg,
Ca®*, SO2) 7o) Aol BT ko2 Uepdt), &
g HCOg9F K* 7be) AaAI57} 057 22 ¥lwE
=4 Uehdth ols HCOy9 K'7) mlazdZely &
FoolA FATE AARI

6. 22084

K9 &S (Lawrence and Upchurch, 1982; Suk
and Lee, 1999; A¥4 &, 2000; A9 5, 1999,
2000; Jeong, 2001; olHAz -3, 2003)e A8ls
FAETIE A9 FARH AT & de FE 9
HE@QE FolF= vy AR S48 (multivariate
data reduction method)®] YZolth dukzoez oy
HA o2 Askre] 38 B F2 2|2 93|
A FeEEE 9B i gy FFo we
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A slpe] slekzA o] Alolg M E = k. B3 &
QR 9Jair] A7t A9AQI 2.9 FgS B
3 J=AE Wt ok

RMRMelME 1A}, 24}, 33} ZAIA Aol £
A, 3leta JREG~2, pH, Eh, EC, TDS, ¥&% %,
DO, Si0O,, Ca?*, K*, Mg?t, Na*, AP+, As®, (I,
NOs, SO2%, HCO4, Cu?t, Zn®**, Fe?h)e E=gus
2 A9t 7t 98 F3¥EA1H (principal
component analysis)® 2 T3l oH, Q15 AL 1
olAbe] F-fgk(eigenvalue)E Wk Ao 3o,
varimax ZZt3|A wW4& €83 th(Davis, 2002).
varimax | ZtE| A& 7} a2l sk a<lA A
(factor loading)e] £4HS Fglsle=s aRIES Aw
Biglsl= Aoltl(oreskog ef al., 1976). {1EAS
$5tle] windows® EAZ2I SAS ver 9.1(SAS
Institute Inc. 1995) AR5}t

QRN Az AX Ao i 7 229 24F
AEES BH, 891 19] 49.8%, 821 271 19.8% L

t2
EC
- 0.8 HCO3"
SiOzm B Temp. [
. Ca2t
L
04
N Zn2+s
S
Bl mm
'l
© 1 05 Y pH oS 3
w 0o NO3’ F- As2+Na*
[ - K*
04 5042
L
Eh - .08
=
-
I
Factor 1
NO3“i 1 zn2*
M =
042" - 0.5
L]
H
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