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Abstract

Considering risks and artificial enrichments of metals in the soils of the study area, the study
aims to analyze geology, grain size and geochemistry. Geology is mainly composed of gneisses
and phyllites of metamorphic rocks, sandstones, siltstones, shales, tuffs of sedimentary ones
and granites and andesites of igneous ones in the area. In the area, mean contents of metals are
not meaningful in accordance with petrogenesis. The soil textures of the area are of S, 1S and sL
of sandy soil, L, scL, cL of loam and C, zC and sC of clayey soil. Mean contents of Ni, Cr, Co
and Cu are meaningfully high in loam and clayey soil relative to sandy soil, whereas Ni, Zn, Cd
contents are higher in clayey soil than in loam. Those differences imply the metallic contents are
dependent to grain size. Based on the metal contents in the soils of the study area, Cu and Zn in
loams and Pb in sandy soils are corresponded to soil contamination warning standards, and As
showing 75mg/kg of maximum content in loams is assigned to soil contamination
countermeasure standards, respectively. Artificial enrichment factor minimized wall rock and
grain size relations is over 1 in Cr, Ni and Cu, but the factor is below 1 in average of other

metals.
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Figure 1. Map showing the study area and soils sampling

sites
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Figure 2. The geological map in the study area(modified after ; Lee et al., 1997)
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Figure 3. Triangular diagram showing texture of soils in the study area
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Forstner, 1984; Irving and William, 1948; 27
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A Al whet 2A S, A, WY
O & LRI Table 1:& AR HoflA AF st o
A o) 2| 3etA] oheks Al whet ERE Ao
5}8F JE-L Mason and Moore(1982)0l 2J3f A
AlE A F e (crust mean value)¥ H|w sk
o B2 Zpo|7} ek, FAREA o oA Al
of w2 of7ke| atol= EASIAIRE 2|2t Ht Fol|
H|3)| SiOg 1.03~1.278 (< 1.174H), FeyOs,
0.80~2.23(1.40), K30 0.75~1.29(1.0HZ =9t°
o, AlyOy 0.71~1.04(0.89), TiOy 0.40~1.08(0.63),
MgO 0.14~0.56(0.29), CaO 0.02~0.79(0.39),
NagO 0.03~1.291.04)2 Wic}. o]} &, vl
i 7 dae vls) A74Et St 2 At
olE Btk AZ4H T vlud uf As
2.67~26.23(H+t 6.64), Pb 1.57~5.81(2.30), Zn

Table 1. Mean element contents of rocks in the study area

0.56~1.62(1.07)2 &%2H, Cd 0.00~0.90
(0.58), Co 0.09~0.44(0.25), Cr 0.04~0.54
(0.19), Cu 0.06~0.31(0.18), Ni 0.02~0.21(0.10)
23

Table 2+ 9] A|3let4] ghgs B4 wet
R AR AR oA EAG At
(rock mean value)¥} B3}, 2
o AlyO3 0.86~1.248)(B1.104H), TiO,
0.71~1.97(1.52), FeyOs, 0.53~1.71(0.9)F &4
B Bop =9heH Si0y 0.86~1.07(0.95),
MgO 0.32~1.51(0.91), CaO 0.18~1.31(0.32),
NayO 0.06~1.31(0.32), K0 0.70~1.34(0.92)2
okttt e AR vud o &
ol w gato| 7t UARE AsE AlQfstal w2
e B, dAHF FFel HlE Cr
0.62~3.05(1.85), Co 0.53~2.07(1.32), Ni 0.57~
3.86(2.31), Cu 0.58~2.22(1.62), Zn 0.72~1.42
(1.14), Cd 0.00~4.73(1.62), Pb 0.90~1.34(1.06)
2 =983 As W] 0.41~1.24(0.85)2 W3k

(unit in 1%, *mg/kg)

Igneous rocks Sedimentary rocks Metamorphic rocks Crust
Element granite | Andesite | sandstone | siltstone shale tuff phyllite gneiss mean
(n=7) (n=18) (=4 (n=4) (n=2) (n=3) (n=3) (n=1) value
Isio, 73.08 60.90 75.40 70.59 03.72 74.35 69.09 66.81 59.30
1ALO; 12.68 15.99 10.89 12.94 14.27 12.94 13.97 15.11 15.36
'Ti0, 0.32 0.79 0.39 0.37 0.36 0.29 0.70 0.48 0.73
'Fe,05 2.65 5.81 3.06 2.94 3.86 2.07 557 3.26 2.60
MgO 0.55 1.93 0.71 1.12 1.08 0.49 1.18 0.98 3.46
a0 1.65 4.00 0.99 1.81 3.49 0.79 0.09 3.07 5.08
Na,0 250 2.90 159 212 2.07 271 0.11 3.55 3.81
K,0 3.68 295 235 321 4.04 3.16 3.01 3.60 3.12
Cr 3.82 15.60 1791 22.28 20.90 8.05 54.04 8.97 100
2Co 6.81 11.12 511 4.65 5.97 2.36 7.19 6.76 25
Ni 1.65 6.90 6.03 9.31 11.48 2.09 16.07 4.10 75
Ccu 4.53 13.81 16.82 7.35 1051 8.37 15.31 3.04 55
%7n 64.59 113.42 39.34 67.02 93.14 46.41 112.13 64.42 70
2As 5.77 8.01 7.53 8.12 47.22 4.81 5.49 8.62 18
’cd 0.13 0.17 0.14 0.18 0.13 0.11 0.07 0.00 0.2
ph 75.54 20.90 24.89 23.98 2534 2247 2571 20.40 13




Table 2. Mean element contents of soils in the study area (unit in 1%, *mg/kg)
Sandy soils Loamy soils Clayey soils Rock
Element S IS sL L scL cL C zC sC mean
(n=1) (n=1) n=17) | n=18) | (n=13) | (n=11D) | (n=11) (n=3) (n=1) value
1sio, 03.54 66.03 66.67 06598 65.86 66.74 03.16 59.71 74.00 69.24
1AlZO% 16.41 14.17 15.85 14.23 15.20 13.94 16.30 16.87 11.63 13.60
lT102 0.87 0.47 0.55 0.83 0.67 0.82 0.89 0.91 0.33 0.46
'Fe,05 5.80 3.02 3.50 4.74 4.42 4.63 5.54 6.25 1.93 3.65
1MgO 1.48 1.03 0.63 0.89 0.73 0.82 0.84 1.52 0.32 1.01
1ca0 0.35 2.85 0.45 0.89 0.69 0.83 0.45 115 0.49 1.99
lNazO 0.39 2.87 0.56 0.49 0.29 0.40 0.13 0.64 0.59 2.19
K0 2.06 3.50 3.56 2.63 2.90 2.39 2.28 253 4.35 3.25
XCr 24.11 11.75 23.41 37.94 38.91 50.93 57.22 57.77 12.73 18.95
Co 10.49 3.31 6.16 9.50 831 8.70 11.40 12.94 3.54 6.25
’Ni 16.29 4.10 13.81 19.47 17.45 18.12 27.78 25.15 7.89 7.20
2Cu 11.92 5.83 13.75 18.11 17.35 22.17 22.17 19.90 14.08 9.97
27n 87.68 54.23 97.17 85.62 106.59 92.74 94.94 89.98 64.02 75.06
%As 7.58 4.84 9.37 14.08 11.62 10.02 10.47 8.37 14.76 11.95
2cd 0.00 0.00 0.31 0.20 0.16 0.28 0.55 0.19 0.00 0.12
’ph 31.75 34.50 39.98 2756 30.36 30.90 31.01 26.81 31.41 29.90

S: sand, 1S: loamy sand, sL: sandy loam, L: loam, scL: sandy clayey loam, cL: clayey loam, C: clay, zC: silty clay, sC: sandy clay

3. 34HA0 EYEFW} 914 ofsye] H=g sjefsfor 3,
1) EQR3tA L7t vy AFHA ol HAE | F45U4 £33
o L Eol3lA 7HIHL o] AR Q) thoFsk B o] A
SEuete B A E AWM 93] Cu, Zn, As, Tyl 74 wo| AFLEE Hrlupdo)s B}

5 Z 163 OF -
Cd, Pb 9] Ta4 HIX ? 1652 2F 29 Zl4=(enrichment factor; EF), 5%A4*(index of

A J7hg Eded e gr|Ees %L*
sto] fEjskar QIrhEH R 2007) T3t Bk
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geoaccumulation; Ige,), & % # & H|

(concentration enrichment ratios; CER), 2%

FelER fA7IEE 79 o, e, A 4>(contamination index; CI) &°| ATt
BEA, ok, StadA|, sk %)ﬂf LWQ(% 8 (Bruland et al, 1974; Miller, 1979; Prusty et
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Atk E3, =214 540 e A=t AlEAR ATHAEZ 5, 2005; ©]Fd &, 1998 2743,
wstaf ol what F4-U40] F2Hdo] Holuh & 2002; £7% 5. 2003; Bruland et al., 1974;
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(Bruland et al., 1974; Windom et al., 1989). T3t

A2y gt AAA B2l Clarke®] #7H4

+&FMason and Moore, 1982)& AR-SHCHA] 1),
Metal(soil) / Metal(m,st)

EFF=———+—————— (1)
Aloity / Aleruse

B ATo4E G494 ot %)
Bruland et a](1974)°ﬂ ozt B3lAeE
AT 2), WA YRR A2
Al AEx) S oAy —?F@%“(rock mean value :

)
rmv) S&5H4

ok

JHo =
&3t
+

rE

o

ol &

ool

HEHxKstandard deviation :
o HELQUAZ = YEof uf
g} HuE] AAsA| fﬁ‘%k IS EOW /\]E‘ﬁ &

’

EFe Metalyy) / Met"’l(nnwsd) ?)
Al(soil) / Al(rmv+sd)

2) Bobpgel sy 33
AAA gRlof offt EY U g&5da #at 9
3] A

g Folx, AA AL sersty] el

2] Falof| ofgh JaFe Faxsl AlACF 3}, o]E
A A= A Zk(background value)2] A4 0]
asie}, & AFAYGolA AFeE 2] akekd
Bt hS WA R o= ARESE] fleliAle oA A%
of T T4 T o]zt glojo Fi‘:}.
Table 3& ATAY 449 HAdhFS w47k
O 7 ARG 5 UEAIE AT Y| 9fste], SPSSE
o]-gste] F-ofm|gt Zfo]7} Yl=A] T-478(p<0.05)
AN e Autot), Levened] S8AF A% o)t

Az o 1

=

0|7} Q= Ao 2 Yehyth taty CoZ AQE &
5904 L ok Aol ope \;L@% o] 7}
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Table 3. Independent samples t-test of minor elements in rock

Igneous rock vs Sedimentary rock | Sedimentary rock vs Metamorphic rock | Igneous rock vs Metamorphic rock

Lfeovr eg;ja};te;[ T-test Equality Lff;\;eg(fl:sa’ll;;st T-test Equality Lfeovr eg(jsa};te;[ T-test Equality

of Variances of Means of Variances of Means of Variances of Means

F Sig. t df Sig. F Sig. t df Sig. F Sig. t df Sig.
o EVA| 0.03 | 087 | -0.88 | 30.00 | 0.38 | 4.15| 0.06 | -2.15 | 15.00 | 0.05 | 3.01 | 0.09 | -271 | 27.00 | 0.01
EVNA -094 | 2951 | 035 -1.39 | 332 | 025 -1.68 | 3.25| 0.18
o EVA[ 15.02 | 0.00 | 221 | 36.00 | 0.03 | 1.88| 0.19 | -1.48 | 15.00 | 0.16 | 827 | 0.01 | 0.65 | 27.00 | 0.52
EVNA 2.81 | 34.33 | 0.01 -2.02 | 9.86 | 0.07 1.47 | 24.02 | 0.15
Ni EVA| 031 058 | -0.63 | 36.00 | 053 | 0.10| 0.76 | -1.39 | 15.00 | 0.19 | 037 | 0.55 | -1.92 | 27.00 | 0.07
EVNA -0.62 | 24.05 | 0.54 -1.20 | 417 | 0.29 -156 | 3.58| 0.20
cu EVA| 011 | 074 | 0.06 | 36.00 | 095 | 0.14| 071 | -0.19 | 15.00 | 0.85 | 0.05 | 0.83 | -0.19 | 27.00 | 0.85
EVNA 0.06 | 21.75 | 0.95 -0.21 | 591 | 0.84 -0.19 | 412 | 0.86
70 EVA| 152 ] 023 | 1.36 | 36.00 | 0.18 | 11.95 | 0.00 | -1.46 | 15.00 | 0.17 | 0.21 | 0.65 | -0.01 | 27.00 | 0.99
EVNA 1.84 | 2851 | 0.08 -0.82 | 3.11 | 047 -0.01 | 417 | 0.99
As EVA| 1156 | 0.00 | -1.75 | 36.00 | 0.09 1.38| 026 | 0.83 |15.00 | 0.42 | 1.10 | 030 | 0.68 | 27.00 | 0.50
EVNA -1.28 | 1241 | 0.22 142 | 1477 | 0.18 0.56 | 3.60 | 0.61
cd EVA| 202 | 0.16 | 0.17 | 36.00 | 0.86 0.08| 078 | 1.76 | 15.00 | 0.10 | 0.54 | 0.47 | 0.56 | 27.00 | 0.58
EVNA 0.23 | 28.48 | 0.82 1.64 | 454 | 0.17 1.20 | 20.10 | 0.25
b EVA| 533 | 0.03 | 0.94 | 36.00 | 0.36 1.64| 022 | -0.04 | 15.00 | 097 | 090 | 035 | 0.50 | 27.00 | 0.62
EVNA 127 | 2757 | 0.21 -0.03 | 3.50 | 098 092 | 11.01 | 0.38

(EVA: equal variances assumed, EVNA: equal variances not assumed)
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Table 4. Independent samples t-test of minor elements in soil

Sandy soil vs Loamy soil Loamy soil vs Clayey soil Sandy soil vs Clayey soil
Lfeovr e}r;(elsa"ll;::;t T-test Equality Lff;vregz:j:;t T-test Equa}ity Lfeovr egszﬁ}:;t T-test Equality
of Variances G of Variances CgiiCans of Variances G

F Sig. t df Sig. F Sig. t df Sig. F Sig. t df Sig.

or EVA| 135 | 0.25 | -3.32{59.00 | 0.00 | 0.02| 0.88 | -1.90 [ 55.00 | 0.06 | 223 | 0.14 | -5.35 | 32.00 | 0.00
EVNA -3.99 | 54.16 | 0.00 -1.99 | 27.12 | 0.06 -5.10 | 23.22/| 0.00
o EVA| 0.10 | 0.75 | -3.58 | 59.00 | 0.00 | 4.41| 0.04 | -2.42 {55.00 | 0.02 | 1.90 | 0.18 | -4.06 | 32.00 | 0.00
EVNA -3.44 | 31.62 | 0.00 -1.96 | 18.11 | 0.07 -390 | 24.17 | 0.00

Ni EVA| 074 | 039 | -2.82{59.00 | 0.01 | 0.19| 0.67 | -3.93 | 55.00 | 0.00 | 0.05 | 0.82 | -4.63 | 32.00 | 0.00
EVNA -250 | 2691 | 0.02 -3.42119.87 | 0.00 -4.64 | 30.59 | 0.00
cu EVA| 0.09 | 0.76 | 251 [ 59.00 | 0.01 | 1.12| 0.29 | -0.94 |55.00 | 0.35 | 0.78 | 038 | -3.37 | 32.00 | 0.00
EVNA -2.64 | 39.35 | 0.01 -1.11 | 36.05 | 0.27 -3.47 | 3200 | 0.00

7 EVA| 041 | 053 | 0.03 |59.00 | 098 | 298| 0.09 | 0.15 5500 | 0.88 | 549 | 0.03 | 0.16 | 32.00 | 0.87
EVNA 0.03 | 31.80 | 0.98 0.23 | 53.24 | 0.82 0.18 | 20.76 | 0.86

As EVA| 222 | 014 | -1.14 | 59.00 | 0.26 | 177 | 0.19 | 0.62 |55.00 | 0.54 | 0.00 | 0.95 | -0.80 | 32.00 | 0.43
EVNA -1.49 | 5899 | 0.14 0.92 | 5498 | 0.36 -0.83 | 32.00 | 0.41
cd EVA| 0.76 | 039 | 0.84 | 59.00 | 0.40 226 | 0.14 | 299 | 55.00 | 0.00 | 468 | 0.04 | -1.89 | 32.00 | 0.07
EVNA 0.83 | 33.37 | 041 -3.18 | 27.87 | 0.00 -1.93 | 31.85| 0.06

b EVA| 432 | 0.04 1.89 | 59.00 | 0.06 1.20 | 0.28 | -0.44 | 55.00 | 0.66 | 2.13 | 0.15 1.06 | 32.00 | 0.30
EVNA 131 | 1883 | 0.21 -0.55 1 39.57 | 0.59 1.19 | 1891 | 0.25

(EVA: equal variances assumed, EVNA: equal variances not assumed)
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Figure 4. Contents and enrichment factor(EF) of metallic elements in the study area(scws : soil contamination warning standards,
sccs : soil contamination countermeasure standards, S : Sandy soils, L : Loamy soils, C : Clayey soils)
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Figure 5. Spatial distributions of minor elements for the rocks, soils and EF
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