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Agricultural soils near or around industrial complexes can contain a certain amount of heavy metals that
readily enter the food chain and negatively affect human health. Therefore, we conducted the study to investigate
the distribution of selected heavy metals, including arsenic (As), cadmium (Cd), chromium (Cr), nickel (Ni),
lead (Pb), mercury (Hg), and zinc (Zn), in fanm-land soils around fifteen industrial complexes in the southwestem
provinces, Korea. The concentrations of heavy metals in the soil samples were determined by the pseudo-total
aqua regia (3 HCI : 1 HNO:s) digestion procedure. The heavy metal concentrations in most soils examined did
not exceed the levels of Soil Contamination Waming Standard (SCWS) for agricultural lands (Region 1)
presented in Soil Environment Conservation Law (SECL) established by Ministry of Environment (MOE),
Korea. However, only one sampling site showed higher As amount (27.1 mg kg'l) than the SCWS level of As
(25 mg kg'l). Pollution index (PI) for heavy metals did not exceed 1.0. The PI values were significantly
positively correlated (p < 0.01) with the heavy metal concentrations. In particular, the values of correlation
coefficient between the Cd and Pb concentrations and the PI values were higher than those estimated from other
combinations, and thus the amounts of Cd and Pb in the agricultural soils highly affected the PI values for the
heavy metals.

Key words: Agricultural soil, Heavy metal, Industrial complex, Pollution index, Soil contamination warning

standard

Pollution index (PI) values were significantly positively correlated with heavy metal concentrations, especially with Cd and
Pb levels.

As Cd Cr Cu Ni Pb Zn
PI (JB) 0.676** 0.762** 0.740** 0.626** 0.698** 0.751** 0.521**
PI (JN) 0.616** 0.867%** 0.694%** 0.665%* 0.640%* 0.860%** 0.782%*

*Corresponding author: Phone: +82632702545, Fax: +82632702550, E-mail: jinholee@jbnu.ac.kr
SAcknowledgement: This study was carried out with the support of “Cooperative Research Program for Agriculture Science & Technology
Development (Project No. PJ009198)” Rural Development Administration, Republic of Korea.



Dong-Jin Kim, Jung-Hwon Park, and Jin-Ho Lee 525

Introduction
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Materials and Methods
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Fig. 1. Locations of target industrial complexes in two
southwestem provinces in Korea.

TJB, Jeollabuk-do province; JN, Jeollanam-do province.

Bl , Gunsan national industrial complex; B2, Iksan first national
industrial complex; B3, Iksan second general industrial complex;
B4, Wanju science industrial complex; B5, Jeonju general
industrial complex; B6, Kimje Seoheong agricultural industrial
complex; B7, Jeongeup second general industrial complex;
B8, Jeongeup third general industrial complex.

§N1, Yeongam Daebul national industrial complex; N2, Yeosu
national industrial complex; N3, Naju Dongsu agricultural
industrial complex; N4, Suncheon general industrial complex;
N5, Muan Cheonggye agricultural industrial complex; N6,
Hampyeong Hakgyo agricultural industrial complex; N7, Hwasun
Dongmyeon agricultural industrial complex.
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Fig. 2. Heavy metal concentrations in agricultural soils near the industrial complexes in Jeollabuk-do province, Korea.
TMinimum, mean, and maximum values of heavy metal concentrations were indicated as the first, second, and third filled circles

(@) for top-soils and filled triangles (W) for sub-soils, respectively.

*Vertical dot lines in the graphs are the levels of Soil Contamination Warning Standard (SCWS) for agricultural lands (Region 1).

§Bl, Gunsan national industrial complex; B2, Iksan first national industrial complex; B3, Iksan second general industrial complex; B4,
Wanju science industrial complex; B5, Jeonju general industrial complex; B6, Kimje Seoheong agricultural industrial complex;
B7, Jeongeup second general industrial complex; B8, Jeongeup third general industrial complex.
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Fig. 3. Heavy metal concentrations in agricultural soils near the industrial complexes in Jeollanam-do province, Korea.
TMinimum, mean, and maximum values of heavy metal concentrations were indicated as the first, second, and third filled circles

(@) for top-soils and filled triangles (W) for sub-soils, respectively.

*Vertical dot lines in the graphs are the levels of Soil Contamination Warning Standard (SCWS) for agricultural lands (Region 1).
N1, Yeongam Daebul national industrial complex; N2, Yeosu national industrial complex; N3, Naju Dongsu agricultural industrial
complex; N4, Suncheon general industrial complex; N5, Muan Cheonggye agricultural industrial complex; N6, Hampyeong
Hakgyo agricultural industrial complex; N7, Hwasun Dongmyeon agricultural industrial complex.
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Table 1. Pollution indices (PI) for heavy metals in agricultural soils near the industrial complexes in Jeollabuk-do and Jeollanam-do

provinces in Korea.

Top-soil Sub-soil
Industrial Complex - -

Min Mean Max Min Mean Max
B1" 0.24 0.34 0.47 0.22 0.33 0.46
B2 0.21 0.40 0.56 0.23 0.44 0.69
B3 0.30 0.42 0.50 0.28 0.40 0.48
B4 0.33 0.40 0.47 0.36 0.43 0.50
B5 0.32 0.41 0.51 0.30 0.41 0.51
B6 0.30 0.39 0.44 0.32 0.39 0.44
B7 0.30 0.34 0.44 0.31 0.35 0.44
B8 0.16 0.31 0.42 0.26 0.33 0.42
N1? 0.25 0.41 0.55 0.25 0.41 0.67
N2 0.38 0.50 0.68 0.36 0.47 0.66
N3 0.37 0.42 0.56 0.32 0.41 0.60
N4 0.49 0.55 0.68 0.46 0.56 0.73
N5 0.16 0.31 0.57 0.19 0.33 0.64
N6 0.22 0.29 0.44 0.19 0.26 0.34
N7 0.30 0.37 0.50 0.33 0.40 0.53

T

B1, Gunsan national industrial complex; B2, lksan first national industrial complex; B3, lksan second general industrial complex;

B4, Wanju science industrial complex; BS, Jeonju general industrial complex; B6, Kimje Seoheong agricultural industrial complex;

B7, Jeongeup second general industrial complex; B8, Jeongeup third general industrial complex.

iNl, Yeongam Daebul national industrial complex; N2, Yeosu national industrial complex; N3, Naju Dongsu agricultural industrial

complex; N4, Suncheon general industrial complex; N5, Muan Cheonggye agricultural industrial complex; N6, Hampyeong Hakgyo

agricultural industrial complex; N7, Hwasun Dongmyeon agricultural industrial complex.
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Table 2. The values of conrelation coefficient (r) between heavy metal concentrations and pollution index values in the agricultural
soils near the industrial complexes in Jeollabuk-do and Jeollabuk-do provinces, Korea.

Industrial complexes in Jeollabuk-do province (n=200)

Cd Cr Cu Ni Pb Zn PI
As 0.366%* 0.410%* 0.396%* 0.487%* 0.513%* 0.099 0.676%*
Cd 0.459%* 0.431%* 0.476%* 0.449%* 0.323%* 0.762%*
Cr 0.398%* 0.756%* 0.343%* 0.387%* 0.740%*
Cu 0.492%* 0.277** 0.430%* 0.626**
Ni 0.358** 0.055 0.698**
Pb 0.277%* 0.751%*
Zn 0.521**

Industrial complexes in Jeollanam-do province (n=176)

Cd Cr Cu Ni Pb Zn PI
As 0.484%* 0.160* 0.311%* 0.247%* 0.447%* 0.217%* 0.616%*
Cd 0.500%* 0.437%* 0.447%* 0.782%* 0.604** 0.867%*
Cr 0.516%* 0.859** 0.468** 0.598** 0.694**
Cu 0.449%* 0.379%* 0.756%* 0.665%*
Ni 0.355%* 0.517** 0.640%*
Pb 0.594** 0.860**
Zn 0.782%*

"Correlation coefficient (r) was determined by Pearson correlation analysis to evaluate the relationship between parameters. Results

were evaluated with 95% and 99% confidence intervals; *, significant at p<0.05, and **, significant at p<0.01.

= s a5 53 A E Y 4 2gR % A0 T2
Tk AR AAZI, TS F54 A LR 1k A
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