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Abstract

To examine the geochemical behavior and pollution of soils in Gwangju City, an analysis was
carried out for pH, on the contents of metals, and organic carbon. Soil samples were taken from
environs areas, industrial areas and downtown areas. The major factor controlling the behavior
of metallic elements in the soil was chemical weathering of clay mineral in the environs areas,
industrialization, and urbanization. Heavy metals including Cu, Pb and Zn were highly
enriched for the samples from central part of downtown area. This indicated that the
urbanization and the industrialization affected soil pollution. The results show that soil
pollution in a metropolitan city which is caused by harmful heavy metals is severest in the
center of the city. In consequence, it is inevitable that practical measures should be taken to

prevent soil pollution expansion.
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Figure 1. Map showing the study area and sampling sites.
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Table 1. Geochemical elements, organic carbon contents and CIA of soils in the study area. (unit : 1%, 2mg/kg)

Al cal Fe!' K' Na' P! Co® cu? N2 Pb? 2 Zn? A Cd® pH Corg' CIA!
environs area soils (n=25)

Min. 647 014 194 184 033 001 9 8 3 24 28 53 nd nd 410 018 64.07

Max. 11.64 128 564 304 154 0.11 33 43 41 91 691 251 nd nd 892 1.03 86.88

Aver. 9.05 063 376 249 095 004 20 23 22 51 263 101 - - 683 0.56 76.50

SD 127 029 102 034 032 003 6 11 12 23 165 41 - - 135 022 633
industrial area soils (n=7)

Min. 621 059 193 248 0063 002 24 51 42 65 318 208 nd nd 652 035 6519

Max. 902 113 377 309 131 012 68 157 8 112 709 1327 nd nd 809 102 84.11

Aver. 755 089 286 279 094 006 45 88 54 92 482 536 - - 7.25 070 7235

SO 097 019 076 021 021 004 14 36 14 15 137 387 - - 0063 027 571

downtown area soils (n=10)

Min. 552 102 187 240 101 0.03 21 49 34 76 394 184 nd nd 713 037 5683

Max. 704 205 353 293 179 013 60 195 75 179 1801 490 nd nd 830 0.83 71.22

Aver. 668 1.67 258 266 135 008 44 108 48 114 732 316 - - 7.77 056 63.05

SO 074 029 054 017 023 003 11 52 13 36 408 102 - - 044 017 425

Mean crust value(modified afier, Mason and Moore, 1982)
MCV 813 363 500 259 28 011 25 5 75 13 260 70 18 02 - - -

(C-org : Organic carbon, CIA : chemical index of alteration, MCV : mean crust value)
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Figure 2. Variations of metal contents in the study area.
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Table 2. Independent samples t-test of minor elements in the study area.

environs area vs industrial area environs area vs downtown area industrial area vs downtown area
Levene’s Test Ttest Equality Levene’s Test Ttest Equality Levene’s Test Ttest Equality
(8 “test Equali . “test Equalif (6 “test Equali
for Equdhty of Means for Equahty of Means for Equdhty of Means
of Variances of Variances of Variances
F Sig. t df Sig. F Sig. t df Sig. F Sig. t df Sig.
EVA -7.01  30.00 0.00 -8.09 33.00 0.00 0.16 15.00 0.88
52 . 2.2 .1 21 .
o EVNA| 45 004 -4.64 6.69 0.00 7 014 -6.35  11.26  0.00 0 066 0.15 1125 0.88
EVA -8.15 30.00 0.00 -7.98 33.00 0.00 -0.86  15.00 0.40
14. . 32 . 1. .2
gyl 1920001 420 633 000 | P32 00 518 034 000 | Y7 %0 bor 1500 037
. EVA __ | -612 30.00 0.00 -5.66  33.00 0.00 0.97 15.00 0.35
N 032058 548 843 0.00 002089 540 1516 0.00 008 0.78 095 1232 036
EVA -4.52 30.00 0.00 -631  33.00 0.00 <154 15.00 0.14
P EVNA| 380 0.06 -5.66 1451  0.00 723001 -5.18 1194 0.00 1086 0.00 -1.76 1285 0.10
EVA -3.21 30.00 0.00 -491  33.00 0.00 -1.55 15.00 0.14
.02 . . . 1. 21
S EVNA| 062 044 -357 1140 0.00 360007 -3.52 1020 0.01 68 0 -1.80 11.68 0.10
EVA -5.75  30.00 0.00 -8.98 33.00 0.00 173 15.00 0.10
Z 20.1 . 22. . . .
Deva 2017 000 hor Teod 0oz | 2 0% Gah 1019 000 | O 0B 14 650 o019

(EVA: equal variances assumed, EVNA: equal variances not assumed)

7.13~8.30%(7.71%) L2, T4l FHX|Ho| = Hat
2 o7 ORAMYO] EAS ALIx| T} EAIX| S0l A]
okolzla] 4] EAS 3} At S7]Eks Eke ©
A TR 0.18~1.03%(”§-‘EL 0.56%), A4S
0.835~1.02%(0.70%), =A1A14 0.37~0.83%(0.56%
O g EoF EXof uu} A|57t skeHs) v A =2
A ettt FEQ450 S8l o3t Y459
Holel APAEE Ao Aok eHA ¥
3}R|4(CIA; chemical index of alteration)= =4
SRS 64.07~86.88%, AFRAY 65.19~84.11%,
=4 Z]Oﬂ 56.83~T1.22%% ¢~ =2 3514 E35le
B HNeshitt and Young, 1982). 3F8H4] £

] = A9 AR 5 AR Yol FHIE
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B0 o] F7leke Aom dEfA Qi
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T71"ae S0l EFY 3ehE FIA 49
r=0.5(p<0.01) o1de] =& IS Holnf, HEF
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Table 3. Correlation matrixes of minor elements, pH, organic carbon and CIA of the soils.

Co Cu Ni Pb S Zn pH Oc CIA
Co 1.00
Cu 0.77 1.00 environs area
Ni 0.63 0.73 1.00
Pb 0.43 0.68 0.38 1.00
S 0.42 0.77 0.50 0.82 1.00
7n 0.32 0.60 0.45 0.46 0.64 1.00
pH 0.06 0.20 0.15 0.27 0.19 0.18 1.00
Coorg 0.46 0.71 0.52 0.60 0.72 0.83 0.35 1.00
CIA 0.71 0.89 0.80 0.54 0.62 0.55 0.28 0.70 1.00
Co 1.00
Cu 0.59 1.00 industrial area
Ni 0.31 0.90 1.00
Pb -0.12 0.34 0.30 1.00
S -0.16 0.07 -0.01 0.85 1.00
7n 0.58 0.97 0.94 0.21 -0.07 1.00
pH 0.81 0.81 0.70 -0.18 -0.33 0.84 1.00
Coorg 0.73 0.52 0.29 -0.17 -0.37 0.45 0.75 1.00
CIA 0.49 -0.13 -0.43 0.02 0.38 -0.25 0.08 0.27 1.00
Co 1.00
Cu 0.47 1.00 downtown area
Ni 0.46 -0.13 1.00
Pb 0.27 -0.07 0.81 1.00
S 0.40 0.07 0.84 0.83 1.00
7n 0.47 0.94 -0.13 0.01 0.04 1.00
pH -0.71 -0.44 -0.26 0.08 -0.34 -0.30 1.00
Coorg 0.55 0.92 0.16 0.12 0.28 0.81 -0.51 1.00
CIA 0.05 0.33 -0.57 -0.59 -0.31 0.31 -0.07 0.10 1.00
(correlation is significant at the 0.01 level; 2-tailed)
B4 50| 74l 24 Fof Atk 224 Hoo] e wEeleR weiA YU, 2000, Poe
U 229 T e 84, Y = AFAGel o] 85 *L?j" i,
20 SOl 0SS Mol SR L, clhol vhE chokgt Wi Ele] Sl A0E oeiA 3]
715, A3 ol sl ol FE o] AR I B O}, Sof g 4] Ao o] 8 siEHS Ak
ol A= o] PFS v A o= wetE 2L Ag @ oA A7F 8 HjEYo R Ky o]
Tl B4a gepsks AIACll  QITHAH 5. 2002). 19934 E SARLE T
50 TS WSl Cu, Zn, PhE B S, §7]  Fol FRERA 7] F9) P FEs} Qi 7agt
ghadt FAE FF4E0] r=0.80(p<0.0D) ©]<] Aog defA qlov, EYoA =2 555 Hol=
e TS MOk SE AR AR HUR B 2 JERLAlo] olstol mopel WM 1 ARA
ARG AT o}FAITIA(SO)E F2 S} ZHresidence tlme)oﬂ olsf| A At Pt}
o, Alda, AR, AxSE H Ao wjed Fo S, §7|EtAE Cu, Zn} r=0.8(p<0.01) °A<]
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Table 4. R-mode factor analysis of variables and factor score for soils in the study area.

environs area industrial area downtown area

Factor 1  Factor 2  Factor3 | Factor1  Factor 2  Factor3 | Factor1  Factor2  Factor 3
Co 0.19 0.87 -0.05 0.44 0.84 -0.13 0.24 0.37 0.78
Cu 0.58 0.76 0.06 0.95 0.24 0.16 -0.13 0.96 0.23
Ni 0.26 0.84 0.08 0.98 -0.11 0.08 0.90 -0.09 0.35
Pb 0.77 0.27 0.12 0.25 -0.13 0.92 0.97 0.10 -0.06
S 0.87 0.31 0.02 -0.10 0.03 0.99 0.83 0.10 0.34
Zn 0.81 0.21 0.06 0.98 0.15 0.02 -0.09 0.96 0.11
pH 0.15 0.06 0.98 0.78 0.53 -0.29 0.00 -0.22 -0.92
C-org 0.80 0.36 0.25 0.42 0.70 -0.32 0.12 0.88 0.32
CIA 0.43 0.82 0.20 -0.40 0.85 0.30 -0.71 0.24 0.16
Eigenvalue 331 3.06 1.09 4.02 230 215 3.04 2.89 1.90
% of variance 36.73 33.95 12.16 44.66 25.57 23.88 33.73 32.10 21.12
Cum. % of var. 36.73 70.68 82.84 44.66 70.23 94.11 33.73 65.82 86.94
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ot §71§k4, Pb, Zn WLES 750 Mo
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7n, pH 5°] &2 AAEe Kol Al ukg <
A V= RHYshs AR dEhgden, 89 2=
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Table 5. Enrichment factors(EF) for metals in the study area.

Ca Fe K Na [P Co Cu Ni Pb S n

‘ Min. | 003 042 055 008 013 039 016 005 146 012 076
T Max. | 044 087 128 068 094 106 061 043 602 208 281
Aver. | 017 067 08 032 036 072 035 025 344 088 128

. C Min. | 015 043 099 026 022 126 103 064 479 117 329
m‘;ﬁ?al Max. | 035 086 156 044 127 245 296 116 1128 357  19.69
Aver. | 027 062 118 036 063 190 172 078 777 205 803

Min. | 030 050 102 039 041 111 119 048 669 193 348
do":?etgwn Max. | 077 094 148 087 139 292 378 132 1825 918 758
Aver. | 057 063 127 059 095 215 235 080 1100 352 545

Ap ol 9 |70 Pk = wetEh

A7)8t vt} 7ro| ok Uj9] 24 YAo] ek
Sh= AA @0l AERE oty F3t
1 T3l W ojg] go150] BFHoz

Bataoa g%
S 24 ThFH FEHEE 7P 2t o] F AFAY

=
5,

3. 534840| 2
EOF L FH49) 09 Ei Q19150 9P 58 v

ote}7] 9J%t ' © 2= Bruland et al.(1974)°]| 2]t
F381R|4(Enrichment Factor; EF)2} Miiller (1979)
of] 9J3t %] 2|4x(index of geoaccumulation; Igeo)
5ol oot H3Ra= Edolu EHE W HER=
O] &} Fa40] Al SRFHEEE o] 8-5)
o] FE5HU4 F5F7l| ARET(AT 5, 2003),
FHATE SES TS dHA 42 A9Y F
=4 gt vluste] Agekehs W oR Al
LA BeE Hriskztl ARSETHeE R} oA,
1997), 2 A-tollA A zHe] Adhele gk o83t F
SR|4=E olgsto] B Uloll 5018 555 2%
= B7lsloitt. HEdass 1 7)o B A
ZFEAR dTA QlaL, AFA[oA A os o
o IRl HAF AR Al ARESELOH, X2 Bt
72 Mason and Moore(1982)°] 2l3 AlA|H S2t2

=1 (clark of concentration)S AMEFSIATE

EF = Meta.l(sediment) / Metal(cmxt)
Al(sedimem) / Al(crust)

ATA Y BkS O g SR dao] B3}
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AOF Ueitor AR AoAqt Pet K7t F5}
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9 B2 AYolA RalEe EAS wYskeich
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Cut= ARIA1Y 1.03~2.96(F+F 1.72), TAIAY 1,19
~3.78(2.35), S& ARIAIS 1.17~3.57(2.05), T=41A]
o] 1.93~9.18(3.52), Zna AHAAY 3.29~19.69
(8.03), =AY 3.48~7.58(5.45)2 LRI 3]
Pb HE X Fol|A] FHateli= EAS Hol A9
1.46~6,02(3.44), AF9A19 4.79~11,28(7.77), =4l
A9 6.69~18.25(11.00)2] HepA|=5 B Act,
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Figure 3. Spatial distributions of Cu, Zn Pb and S in the study area.
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