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Assessment of Groundwater Contamination Using
Geographic Information System
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Abstract :
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In this study two sites were selected to investigate groundwater contamination and spatial relationship

between pollution level and its source. One is the Asan area, agricultural district where pollution sources are scattered. The
other is the Gurogu area of Seoul dty, industrial district where industral complex and residential areas are located.
Groundwater samples collected from these districts were analyzed for chemical constituents. The attribute value files of the
chemical constituents of groundwater and the spatial layers have been constructed and the pollution properties have been
investigated to find out spatial relationships between the groundwater constituents and pollution sources using GIS.
Relatively high contents of S§i and HCO; in groundwater from the Asan area reflect the effect of water-rock interaction,
whereas high contents of Cl, NO;, SO, and Ca in groundwater from the Gurogu area are due to the pollution of various
sources. Pollution over the critical level of Korean Drinking Water Standard has been investigated from 15 sampling sites
out of 40 in the Asan area, and 33 sampling sites out of 51 in the Gurogu area. There is pollution of NO;, Cl, Fe, Mn,
SO, and Zn in groundwater from the Gurogu area, and that of NO;, SO, and Zn in groundwater from the Asan area.
Principal pollution in both areas is NO, contaminaton. Deep groundwater from the Asan area is not contaminated with
NO; except for one site and most of shallow groundwater near the potential point sources such as factory and stock farm
is contaminated seriously. Groundwater from the Gurogu area has been already polluted seriously considering the fact of
contamination of deep groundwater. This study reports a spatial relationship between the pollution level and pollution

source using GIS.
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F #H ABRES A AHRA L (Geographic Information
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& M E vl 5T AR o|l(PALFH, 1996). £ A
=9 Aate B JFe AT 29 T4 BAFH A =
Ab - AR v EEAQ B2 Qs BE&Ao] AdtHn
Ao, 7t 71# E RAY A7 TR EES T AAH
Q1 Ak A E A I Askr B AEE dloE o]
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Figure 1. Geologic map with sampling sites around the Asan area (Kim et al., 1969).
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Figure 2. Geologic map with sampling sites around the Gurogu area in Seoul City (Kim et al, 1975; Hong et al., 1982).
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Ak Age] AP U FAR 425 B, Y%, B
=, Ao R H234E Table 1) YehAch

AsteA R pHE ofibA Q2 FR1A A FL3to] 242
6.83 6302 T4 &L iAol EAE MYt F A X3}
FA 84 pHE 5.6~8.0, Ehi= 0.12~0.29 V 9] o] Aol
3 5L RS EAEYE ¢ T YA F AFAY A<
324 A3 TDS7E & ARM 284S o &4/3)
o glenn FEEEY(TDS)= 299 AHAA A&7t =AY
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(Freeze and Cherry, 1979)8 1t} 22 2+& Bt oA =
AT A7IHEEE oA H(FYFE 270 ps/cm)o] FR 7R
(T3t 585 ps/cm)ol] H]af vfg- L& g zhett.

NOs= &3y 294 5 29 E2 Y] fdog Ads
o HalsE A Hl ¢ JEHo|r(Freeze and Cherry, 1979;
Ford and Tellam, 1994) o}xtx] 93 (%3 22.0 mg/l)3# T2
TAGFTYE} 42.8 mg/l) BF =& Ty & EAH9E 7}
A 53] & FFFS Holx FETAY Adre Aty
02 29 d¥E ol ¥ J&g wFdt. Cl FgFL o}
A QA FU4zt 17.6 mg/l, TRFAGNA £33 78.6
mg/10.2 f-2uiet S uzds A GFu AR &
FHA & AR A3R(300 m o)3} M E) F o] 2.0
~10.0 mg/1 FFR) F(o)FE, 1997)& T o E-d4nt
SOE BHE F ol ¢ 52 FHYS & 5 Ao
ol LHEHY AFru el 7113E uig) T AF
A AstE Fof Folef FAE vIWEH Na(opihr| K
15.8 mg/l; +2X9: 23.8 mg/1), Mg(o}FAY: 6.1 mg/1;
FE2F3A49:19.0 mg/1), Ca(cHHASF: 30.0 mg/l; TEFA|Q:
51.5 mg/l) &2 FETAY AsproA HA4 Heht 9low
Si(oR A9 19.8 mg/l; FRTAY: 14.4 mg/1) 9 ofik
A AgtroAA & ge BAch FREAYG A3 59
Mg(F43t 19.0 mg/1), Ca(F4 gk 51.5 mg/1), Na(FU gk 23.8
mg/1) TF2 AR HIR N QA=A 942 Adl T &
ZHMg: 3.0~5.0 mg/1; Ca: 20~30 mg/l; Na: 5.0~7.0 mg/1;
o]FE, 1997)8 1} & S B o]F Yol2EL 2EE
A9 FULE RIHASES & 5 AT

oMY 9 FRFAY Ak 38 EAS AWRy)
A 7 d4e] FgE TDSE hrold & HESE FAI5HY
Al A gheke vjasty th(Figure 3). TDSE FE3H8t AL X
34 AR AR A7y dzoz dgshgeos Yo
Hlaahe Z0] o] Efgstr] wiiolth. oA Y X|5lgr9] o]
2 FFuE Si0,(19.3%)>Ca(13.3%)>Na(7.7%)>Mg(2.6%)>K
(0.8%)0]5 o] FFulE HCO,;(28.6%)>NO;(12.8%)>Cl

=

Table 1. Results of descriptive statistics of physical properties and major ion contents for the groundwater samples

Asan area (69") Gurogu area (87")

Mean Median  Std.dev.” Min, Max. Mean Median  Std.dev? Min. Max
pH 6.7 6.8 04 5.8 8.0 6.4 6.3 0.3 5.6 7.5
Eh (mV) 227 228 29 158 293 211 205 42 120 295
Temp. (°C)® 149 14.7 1.7 12.0 218 15.6 15.6 1.6 9.4 20.0
conduc.® (uS/cm) 333 270 216 112 996 576 585 248 142 1170
TDS (mg/1) 260 219 128 128 675 393 388 176 119 1206
Cl(mg/1) 31.3 17.6 309 5.4 135.0 81.8 78.6 55.1 74 3259
NO,(mg/1) 36.6 22.0 394 1.7 183.0 547 428 50.4 nd? 196.7
SO, (mg/1) 16.3 4.4 355 nd. 2221 34.0 25.6 34.1 1.0 267.1
HCO; (mg/1) 66.4 58.6 289 25.6 173.3 87.7 64.7 57.5 17.1 2819
K (mg/1) 1.8 16 0.8 0.6 49 39 3.1 36 1.2 267
Na (mg/1) 20.3 158 12.2 9.3 74.5 294 23.8 23.7 8.4 194.8
Mg (mg/1) 7.3 6.1 49 1.5 25.0 19.0 19.0 10.3 2.3 46.5
Ca (mg/1) 36.7 30.0 241 115 119.3 51.2 515 212 13.8 949
Si (mg/1) 19.7 198 33 99 26.8 136 144 43 0.1 24.3

Y’ Number of samples, “std.dev.: standard deviation, ® Temp.: Temperature, * conduc.: conductivity, ®n.d.: Not determined.
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Figure 3. Major ion contents normalized by TDS in the ground-
water samples from the Asan area and the Gurogu area.
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Table 2. Results of descriptive statistics of physical and chemical
analyses for contaminated and uncontarminated groundwat-
er samples form the Asan area

uncontaminated contaminated groundwater
groundwater samples samples
Mean Median Std.dev.”] Mean Median Std.dev.
pH 6.8 6.8 0.4 6.4 6.3 04
Eh (mV) 208 204 21 212 210 18
TDS (mg/1) 206 199 61 367 348 157
Cl(mg/1) 16.7 162 6.9 579 516 373
NOymg/) 188 193 72 | 695 564 531
SO, (mg/1) 6.5 4.4 10.3 375 224 60.7
HCO, (mg/l) 717 622 315 | 544 519 238
K (mg/1) 14 1.2 0.5 22 22 09
Na (mg/1) 15.3 150 4.0 304 281 134
Mg (mg/1) 55 50 27 ( 108 111 6.1
Ca (mg/l) 281 255 135 | 563 496 321
Si (mg/1) 195 199 31 | 219 216 29

Ystd.dev.: standard deviation.

Table 3. Results of descriptive statistics of physical and chemical
analyses for contaminated and uncontaminated groundwat-
er samples form the Gurogu arca

uncontaminated contaminated groundwater
groundwater samples samples
Mean Median Stddev.”| Mean Median Std.dev.
pH 6.6 6.5 04 64 6.5 0.3 .
Eh (mV) 204 204 29 205 198 36
TDS (mg/1) 335 343 147 455 452 119
Cl(mg/1) 58.5 525 39.8 [102.0 92.0 47.1
NOy(mg/1) 23.0 183 227 79.2  69.6 53.6
SO, (mg/1) 29.0 305 14.6 348 241 30
HCO; (mg/1) 1062 89.1 68.9 833 647 48.4
K (mg/1) 2.6 22 1.2 42 34 4.0
Na (mg/1) 225 181 12.3 328 287 17.5
Mg (mg/1) 169 17.1 10.7 224 223 8.3
Ca (mg/1) 459 468 20 61.0 58.0 18.9
Si (mg/1) 138 138 25 | 145 150 35

Ystd.dev.: standard deviation.
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REHR(AE 50m ol4) & 57 PN o] =AH
NO;o] ego] 02 ¥ g &4 BEdss & Ax
W7k JAHATE RE & 5 U SO, FHS HFgh 34.0
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Figure 4. Major ion contents normalized by TDS in contaminated
and uncontaminated groundwater samples from the Asan
area and the Gurogn area.
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Figure 6. 50, 100 and 150 m Buffer zones from factory and
stockfarm with NOj; contaminated groundwaters from
the Asan area.
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Figure 7. NO; content in deep (>50 m depth) and shallow (<50
m depth) wells with influential area from factory and
stockfarm in the Asan area.
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Figure 8. Cl content in deep (>50 m depth) and shallow (<50 m
depth) wells with influential area from factory and
stockfarm in the Asan area.
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Figure 9. SO, content in deep (>50 m depth) and shallow (<50
m depth) wells with influential area from factory and
stockfarm in the Asan arca. .
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Figure 10. The location map of waste-water drainage facilities
and sewage pipe line in the Gurogu area.
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Figure 11. 100, 200 and 300 m Buffer zones from waste-water
drainage facilies with NO; contaminated groundwat-
ers from the Gurogu area.
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Figure 12. NO; content in deep (>50 m depth) and shallow (<50
m depth) wells with buffer zones within 200 m dis-
tance from waste-water drainage facilies in the Guro-
gu area.
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Figure 13. NO; content in deep (>50 m depth) and shallow (<50
m depth) wells with buffer zones within 100 m dis-
tance from sewage pipe line in the Gurogu area.
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Figure 14. Cl content in deep (>50 m depth) and shallow (<50
m depth) wells with buffer zones within 200 m dis-
tance from waste-water drainage facilities in the Guro-
gu area. '
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Figure 15. SO, content in decp (>50 m depth) and shallow (<50
m depth) wells with buffer zones within 200 m dis-
tance from waste-water drainage facilities in the Guro-
gu area.
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