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Abstract

BACKGROUND: Heavy metals discharged from vari-
ous sources contaminate the soil and water and the re-
siduals can persistently be accumulated. In this study, the
concentration of soil heavy metals was assessed over the
whole regions of Korea based on the contamination factor
and the geoaccumulation index.

METHODS AND RESULTS: The data of averaged con-
centrations of heavy metals and fluorine were collected
from the Korean Statistical Information Service (KOSIS)
and the research papers published. In order to classify the
levels of heavy metal concentration, the contamination
index, including the contamination factor and the geo-
accumulation index, based on the relative ratio of the ac-
tual concentration of heavy metals in the soil to the back-
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ground concentration was calculated. In addition, the dis-
tribution of heavy metals in soils was visualized by using
the geographic information system (GIS). As a result, the
Cd contamination in the soils was the most concerned.
CONCLUSION(S): This study very roughly indicated
the outline of heavy metal concentration over the whole
regions of Korea. The change in heavy metals’ concen-
tration over the time should further be monitored and the
larger data of heavy metal contamination are needed for
better understanding in the future.
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Table 1. Determination of soil quality using the contamination factor (), the degree of contamination (Cgy), and the

geoaccumulation index (Zo)(Hakanson, 1980; Muller, 1969)

Index Class Range Soil quality
1 <1 Low contamination
1< G<3 Moderate contamination
Contamination factor ()
3 3<(G<6 Considerable contamination
4 G>6 Very high contamination
1 Cleg < 8 Low contamination
o 2 8 < Cug < 16 Moderate contamination
Degree of contamination (Cle) ) o
3 16 < Cuep < 32 Considerable contamination
4 Clieg > 32 Very high contamination
0 Ipeo < 0 Practically uncontaminated
1 0< Le<1 Uncontaminated to moderately contaminated
2 1< Leo<2 Moderately contaminated
Geoaccumulation index (Zyeo) 3 2 <l <3 Moderately to strongly contaminated
4 3< L <4 Strongly contaminated
5 4 < Le<b Strongly to extremely contaminated
6 Lo > 5 Extremely contaminated
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2.8% ARg3te] Aol sto] e JFor 8 Tus Ut e AHEEH

HHOR e £ ROE BeEgich

O —
X EY S24 U 24 55 BN TuE R 1Y WAL kP fdl deAe A8
Ao ARSE A B Sud W B4 Hit w5 ekl al(Table 3), & =l 2AME TaHo] A2 WA

Ao
i Table 27} 2t} 554 8%(Cd, Cu, As, Hg, Pb, Cré*, Zn *J
9 Ni) 2] 4 A3} 7= ARl B vy 14999 Els
VlEE 2R TEES fle 2L 0% YERIT Sl dig g ¥

T EEE AT AR A9 B4 5 571419.52 mg / kg . QA FE= wWol 7] miel frojvldt A e &
F RS R A 14]9]9] Bkl 921715400 mg/kg) = 2] @40 % 1% Z1g o mgtri19].

Z751911, o] £] A199->0.000~350.758 mg / kg 2] W= 7]+

AW k2 0 2 Pt R6 4192 TR ZARA| %] H] A0 2fEt EY S3L 2T It

3 AT Q1§ 1ol 9401, 53] A A7 v 5 A B S5 w59 LAl et S(dass)
H A0 ANIAZRY wiEE = BAE i Bl A% i 25+ Table 4% 2tk 33070 A7 <] dHolHE 9415
Ao FAE o V|EAE 2t A o w ddEt) ok, T5E AV S B TS L9EE AU A3 oAl W
B e 7|EAE 2Rk (igkout Ao Adolst At 91+ Cd 0-853.85, Cu 0-274.96, As 0-10293.68, Hg 0-6.2,
7FUERGEE, o) ARIEA|, AL, AR e 2| Pb 0-1133.29, Cr*" 0-3.59% UERith Cd, Cu, As, Hg,
Solido] 71dlste] Fie xjol7h g Zow meltt, PbelM 242t 38(11%), 8(2%), 11(3%), 1(1%), 13(4%)7N

] a2 HoiF3Ith P} Hg(r= 0.978)°] thal] 2
UA7F R AL o]o14 Cd ¥t Hg(r=0.913) 2] ¥A7}
E} Cd, Cu, Hg, Pbe} 2 S84 S it Q1914



12 Lee et al.
Table 2. Average concentration of heavy metals and fluorine in topsoils classified by regions (KOSIS, 2019)
, Cd Cu As Hg Pb Cr® Zn Ni F
Region
mg/kg
R1 0.247 37.29 5.966 0.093 33.75 0.091 123.1 22.61 276.9
R2 0.880 41.10 6.641 0.033 65.06 0.539 274.7 12.99 276.9
R3 0.952 14.42 2.820 0.027 16.42 0.401 62.69 9.962 0.000
R4 0.275 58.91 4.677 0.052 64.08 0.000 203.1 22.99 227.5
R5 2.322 30.37 0.239 0.039 29.99 0.000 157.6 11.52 243.9
R6 0.142 30.82 2.621 0.003 27.41 0.212 102.4 10.03 419.5
R7 2.350 43.84 3.020 0.145 47.34 0.078 201.9 18.38 350.8
R8 1.094 20.07 1.704 0.000 19.17 0.000 91.69 17.22 261.7
R9 0.304 48.51 5.842 0.070 46.54 0.102 140.1 27.59 267.9
R10 0.060 16.03 4.025 0.032 17.77 0.012 91.19 11.67 294.9
R11 1.077 16.71 3.761 0.002 18.79 0.000 84.29 10.43 233.1
R12 0.652 18.71 3.140 0.033 27.47 0.000 115.2 15.16 0.000
R13 1.690 23.68 8.655 0.032 29.12 0.000 109.1 12.16 231.4
R14 0.099 20.08 4.014 0.024 24.68 1.351 85.12 12.46 237.4
R15 0.057 24.43 3.769 0.113 19.69 0.039 152.4 12.63 171.5
R16 0.240 32.23 5.321 0.003 25.52 0.022 105.6 12.37 80.65
R17 0.564 57.25 4.231 0.090 27.33 0.293 161.9 51.64 0.000
o Al 5 4z Wil G} I e FROE At G 1 e Aom sl
UERstEE A2 @ A7) Y el 58 1 A9 Cd, de TS T S 1% E"ki"ﬂ FHNEAE VI8
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Fig. 1. Average concentration of soil heavy metals in the area.
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Table 3. The correlation coefficient(s) of heavy metals concentration by 330 points
cd Cu As Hg Pb Cr®*
Cd 1
Cu 0.776 1
As -0.013 0.022 1
Hg 0.913 0.875 -0.001 1
Pb 0.811 0.863 -0.043 0.978 1
Cr -0.011 0.003 0.344 -0.004 -0.012 1
Table 4. Classification of heavy metals contaminated soils by the contamination factor ()
Heavy Contamination factor (Cj)
metals Class 1 Class 2 Class 3 Class 4
Cd 278 (84%) 5 (2%) 9 (3%) 38 (11%)
Cu 288 (88%) 26 (8%) 8 (2%) 8 (2%)
As 302 (92%) 11 (3%) 6 (2%) 11 (3%)
Hg 325 (98%) 4 (1%) - 1 (1%)
Pb 284 (86%) 25 (8%) 8 (2%) 13 (4%)
Cr 323 (97%) 6 (2%) 1 (1%) -
Table 5. Classification of heavy metals contaminated soils by the geoaccumulation index (/)
Heavy Geoaccumulation index (Zgeo)
metals Class 0 Class 1 Class 2 Class 3 Class 4 Class 5 Class 6
cd 281 (85%) 2 (1%) 9 (3%) 12 (3%) 9 (3%) 9 (3%) 8 (2%)
Cu 304 (91%) 10 (3%) 8 (2%) 4 (1%) 1 (1%) 1 (1%) 2 (1%)
As 301 (90%) 8 (2%) 6 (2%) 6 (2%) 3 (1%) 1 (1%) 5 (2%)
Hg 327 (98%) 2 (1%) - 1 (1%) - - -
Pb 293 (887%) 16 (5%) 8 (2%) 3 (1%) 3 (1%) 2 (1%) 5 (2%)
Cr® 324 (97%) 5 (2%) 1 (1%) - - - -
Note pollution on food safety and health risks in China.
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