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ABSTRACT

To distinguish the anthropogenic inputs from the chemical weathering with water-rock
interaction on the chemical compositons of groundwater in Kwangju city, four different water
groups were established based on the landuse type, lithology and topology. The sample from
greenbelt area belongs to Group [, whereas those from green buffer zone, urban area and
industrial area belong to Group I, Group Il and Group IV, respectively. The geology of this city
mainly consists of biotite granite and granitic gneiss. The concentration of main cations is
subject to the behavior of feldspars, micas and carbonate minerals. C1” and NO,™ are supplied by
anthropogenic inputs such as domestic sewage whose concentration of these anions is highest in
the Group I samples. With the Piper diagram, the groundwaters of Group I are mainly
plotted in CaSO,-CaCl. type. whereas those of other groups are plotted in Ca(HCO,). type. The
calculation for the activities of ions and saturation indices of some minerals shows that most of
the minerals are undersaturated and plotted in the area of equlibrium with kaolinite. Three
factors were extracted from the factor analysis for chemical data. Factor 1, controlled by
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HCO. . Ca®", SO.,”, Mg* and Na', explains the dissolution of carbonate minerals, mica and
plagioclase. Factor 2, controlled by CI” and NO,™, explains the influence of artificial pollution.
Factor 3, controlled by Mn, Fe and Zn is subject to the industrial waste water, but the evidence is
not clear. Factor 1 is dominant in the Group I and 1. indicating that those samples are subjected
to natural chemical weathering. The higher scores of factor 2 in the Group I samples indicate the
potential artificial pollution.

Key Words : Groundwater, urban area, landuse, water-rock interaction, factor analysis
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Fig. 1. Geologic map of the study area (Choi. et. al., 1990; Hong. et. al., 1986; Hong. et. al.,

1990; Kim. et. al., 1986).
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Fig.2. Map showing the sampling locations and four types of landuse in the study area.
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Table 1. Number and percentage of groundwater
samples with landuse and rock types in

the study area

lithology | Group | | Group I | Group [l | Group IV
and” | 11.4(4)5) - 4.4 (2) -
ggn? | 343(12) | 35.7(10) | 6.7(3) | 364
bgr? | 37.1(14) | 64.3(18) | 88.9(40) | 63.6(7)
sed? 14.3 (5) - —~ —

1) Andesitic rocks,

2) Granitic gneiss,

3) Biotite granite,

4) Sedimentary rocks and Tuff
5) Percentage
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Table 2. Results of the descriptive statistics of physical and chemical analysis for the groundwater samples

in the study area

Group Temp.| pH | Eh |Cond.| DO | K- | Na* | Ca* | Mg® HCO,| CI" | SO | F |NO; | SiO,
(No. of Samples) | () (mV) |(¢Sfem) (mg/L)|(mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L)|(mg/L)|(mg/L} |(mg/L) | (mg/L) | (mg/L)
Group | Mean 162 | 67 | 1886 268 | 567 | 13 | 181 | 308 | 48 | 1072 246 | 83 | 02 | 134 | 263
(35 Std.Dev. | 09 | 05 | 626 | 116 | 200 | 09 | 104 | 188 | 50 | 592 | 188 | 72 | 03 | 173 | 82
GroupIl | Mean 163 | 66 [1889) 276 | 6.19 | 12 | 193 | 292 | 5.1 [1026( 251 | 82 | 02 { 150 | 316
(28) Std.Dev. | 05 | 04 | 746 | 130 | 194 | 06 | 108 | 198 | 32 | 740 | 152 | 98 | 02 | 151 | 53
Groupl | Mean 166 | 66 | 1941 499 | 514 | 1.6 |} 229 | 559 | 134 | 1460 613 ) 239 | 0.1 | 354 | 349
(45) Std.Dev. | 14 | 03 | 702 | 169 | 239 | 13 | 118 {234 | 71 | 680 | 352 | 168 | 0.1 | 358 | 59
GroupIV | Mean 164 | 64 |1509| 297 | 658 | 1.1 | 193 | 316 | 63 | 1112|291 | 97 | 02 | 169 | 356
(1) | Sd.Dev.| 07 | 03 | 994 | 144 | 202 | 03 | 46 | 193 | 40 | 725 | 188 | 112 | 03 | 122 | 52
Total | Mean | 164 | 66 | 1873 360 | 567 | 14 | 203 | 400 | 83 [121.1] 390 | 143 | 02 | 224 | 317
(119) | Sd.Dev.| 10 | 05 | 723 | 179 | 218 | 1.0 | 108 | 242 | 67 | 694 | 309 | 144 | 02 | 271 | 74
Group Fe Mn Sr Al As Ba Cd Cr Cu Ni Pb Zn
(No. of Samples) (eg/ll) | (g/lL) | (ug/ll) | (gll) | (ug/L) | (ug/l) | (egll) | (egll) | (eg/l) | (ug/l) | (g/l) | (ug/l)
Group [ Mean 50.7 43.0 5912 1.0 18.6 111.7 14 0.2 42 11.6 12 185.0
(35) Std. Dev. | 1725 | 1642 | 805.7 2.1 170 | 2202 1.0 0.6 6.4 15 1.7 4154
Groupll | Mean 423 39.2 396.0 1.5 10.1 135.0 1.6 02 41 11.5 1.6 409.0
(28) Std. Dev. | 92.0 1306 | 669.1 477 143 | 571.7 22 0.3 75 38 20 604.5
Group Il | Mean 212 112 | 465.7 24 10.1 305 44 04 94 16.5 14 103.1
45) Std. Dev. | 729 444 2376 12.0 184 36.2 7.7 0.7 270 11.9 26 181.8
GroupIV | Mean 379.2 7.1 336.1 0.8 8.8 42.1 35 04 29 144 23 606.2
an Std. Dev. | 686.1 1.5 1533 1.5 12.1 369 55 05 40 39 26 1030.3
Total Mean 68.2 28.3 4742 1.6 12.5 80.0 28 03 6.0 137 1.5 2480
(119) | Std.Dev. | 2426 | 1129 | 565.6 78 169 | 3024 53 0.6 174 8.9 23 5159
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Fig.3. Eh-pH plots of groundwater in the study

area.
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Table 3.Correlation matrix for the chemical components in groundwaters of the study area
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K | Nao | Ca* | Mg* | SiO, |HCO, [SO; | CI' [NO, | FF | Fe | Mn | Zn
K~ | 1.000
Na~ | 0173 | 1.000
Cav |0.238+*]0.398%*| 1.000
Mg* | 0.354+*0.259%*0.834%* | 1.000
Si0, | 0061 |0236%*| 0.147 |0.363** 1.000
HCO, | 0079 |0.451%*[0.851%*|0.608**| -0.015 | 1.000
SO | 0.110 |0.342%*[0.488** [0.318%*| -0.130 |0.440+* | 1.000
Cl [0368%[0.539+* [0.731%* [0.773%*]0.435%*|0.481%* | 0.325%*| 1.000
NO, | 0.104 | 0.104 | 0046 | 0.195% [0.346*+ 0257+ 0004 | 0.628* | 1.000
F 0355% -0.143 [0.355%*|-0.493+* 0233% | 0.146 | -0.104 |-0.466**-0.367* 1.000
Fe | 0.153 | 0155 | 0079 | 0.145 | 0.072 | 0.158 | 0.018 | 0.126 |-0.395*4 0.070 | 1.000
Mn | 0028 | 0224* | 0.098 | 0.041 | 0.119 |0.272%*| 0.060 | 0.078 |-0.592%40.286%* [0.679**| 1.000
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Fig.5. Relationship between bicarbonate and the
sum of Ca®* and Mg”* concentration

(Symbols are the same as in Fig. 3)
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(Symbols are the same as in Fig. 3).
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study area.
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Journal of KoSSGE Vol.7. No.3 115~132, 2002



128

2 99 AskpAlsy g3tzgde TAIE Aol <t
A 94y At AMg"E #EQ A2 AFouRAE
Faure(1991)¢] #AgoA 83195, Fig. 9(a)=
Na.O-Al.0,-Si0.-H.O AlA &A= FEES
FEE BAE Jehln] 25 7| &evolE e dg
o ¥o] &L HoFErh E 99 xsisE guolE
o} ¥hgEHA 27]9] ZAPolE FATAE AA A
g ol Egl HPLEE o|F1 IXT Na'el E5%
7} HmA donz g% gulo|Ee] Lo o3 =
7FAQI Na™e &go] dddct. Ca0-Al.0O,-SiO.-

H.O AdAE 2E Groupd AskeAgE ALy
o|E9] hF el HAIHH tF-E calcited] Tl

£33} e U0}

4.4 89184

g EAEAM (Multivariate Statistical
Analysis)& #age] HEEHS fRIHEA e

Aol22] 219 (dimension) S Eolv SAEA AA0
o A7leE FAEN, BAEA gQRy #IE
A BEEAN Bo| &3le B AT e Tkt W
g &o yAlE dde JdAEE Zohe RY 818
aragonite’ !
s (@ Albite | amorn. siica
| :
iy
6 - L
& \
2 ®
&
, | ibbste R’ Pyroohyie +
Kaolinte
0 T T T T
6 5 4 3 2 4
Log @ sio,

‘- o]l:th;ﬂl /\églg_].l o

Log (Acaz / @%)

A (Factor analysis)€ %3l F3 FHAlol| £¥3}
© Agkre] 2ol ojw gt —3°] o 9l e v
2 A Egity £ o] &8 Auvies ]3}-’:‘- AR
o £ AR F —r”‘él"?@] Na K’ Ca*™ Mg™,
HCO,”, S0.”. CI', NO, &} u|ZF&o| FolA
Fe, Mn, Zns A"atgon, ztzte] M7t 8

XE oA 3] Y3t A EH(Log tranform)&

A Ao o]&3HTh AAZQ A e Ay
B 4 A & L3R ety BEY o8
o} 1 AVE #Hoer] gste] sl Ao gt
AEIEE o] &3t FHAA (Cor1 elatlon)l‘?"‘*% 3}
o, GAEEA B8 2 A FEE 13 o A
29 Aol gk KMO—E(Kalser—Meyer{)khn

Measure) % Bartlettd 74 A& (Test of
sphericity) & T&tt. KMOZ=x 0.70424 4

Eo ABAA dE Ay A=t AL Aoz ‘4
ehdon 7Y AFAE 510.1824 #olFE 5

Wold Q8 mgo] G Aow %%5]‘3}
Table 5& & 99 X]‘é}—?/‘liﬂ sgtzgq did &
AEA Aoz dojzl F 82159 nRHES} 1/
(Eigen value)E ¥ =2 E/\]??l Aolt}, o7]4 g9

18 ;
Anorthite
4 + Calcite : (b)
16
Gibbsite l' Pyrophyliite
-+ Calcite Kaolinite ! : Sc'lia:::t(ea)
+ Calcite ! !
14 . ,
Calcite i
B R T T T T
12
Q
Gibbsite Pyroptyl
8 ite
) + Silica (a)
. Kaolinte
6 T T T T
) 5 4 3 2 4
Log 8,50,
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1 atm pressure. Symbols are the same as in Fig. 3.
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Table 4. Factor matrix for the compositional

variables of the groundwater samples

Factor

Variable 1 3 3 Communality|
o8 | 0920 | 0021 | 0045 | 0850
HCO,;”
log Ca* 0.861 0.384 -0.067 0.893
log SO/ | 0.717 0.032 -0.099 0.526
logMg* | 0.629 0.619 -0.058 0.783
log Nar 0.476 0.367 0.127 0.363
log K* 0.265 0.704 0.057 0.569
log C1I” 0.545 0.708 0.008 0.798
logNO, | -0.123 0.690 -0.464 0.706
log Mn 0.156 -0.220 0.835 0.770
log Fe 0.038 0.181 0.809 0.688
log Zn -0.291 0.118 0.635 0.502
Eigenvalue | 3.418 2.169 2.008
% of
. 32.07 19.81 18.25
Variance
Cumulative
% 32.07 51.88 70.13
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Fig. 10. Plot of factor scores for the groundwater in the study area (Symbols are the same as

in Fig. 3).
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