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The Distribution Characteristics of Heavy Metals
at Field and Upland Soils

I-Song Choi - Jea-Young Park - Jong-Min Oh*

Department of Environmental Science and Engineering, Kyunghee University,
Yongin, Kyunggi 449-701, Korea

Abstract : Heavy metal concentrations (Cu(Il), Zn(II), Pb(Il) and Cd(II)) at field and upland soils were investigated with
two extraction methods, 0.1mole L™ HCI extraction and HNO;-HCIO, digestion, in order to estimate soil pollution and to
understand their distribution and accumulation characteristics. Through an application of 0.lmoleL™ HCl extraction
method, the surface horizons of field soils were found to have higher concentrations of heavy metals (except Pb(Il)) than
those of upland soil. It was also seen that Cu(Il), Zn(Il) and Cd(Il) were enriched in surface horizon of field soils,
whereas upland soils did not show much difference across depth. When the method of HNO;-HCIO, digestion was used,
upland soils showed higher concentrations than those of other soils, and the distribution of heavy metals did not show
much difference between horizons of all soils. From these results, it was recognized that, although total natural contents of
heavy metals were the largest in upland soil, surface horizons of field soils became gradually polluted with heavy metals.
Especially, Cd(II) is considered as a potential metallic pollutant in field soils because of its weak adsorption strength.
Concentrations of heavy metals also seemed to be influenced by their adsorption characteristics. When we computed
0.1HCl«/HNClg;, ratios to estimate the adsorption strengths of soil heavy metals, their adsorption strengths decreased on
the order of Cu(II) > Zn(Il) > Pb(Il) > Cd(Il). The distribution characteristics of heavy metals in field soil, especially Cd(II),
are required more detail study because of its importance of land use and complicated mobilization characteristic.
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Table 1. Description of soils collected from fields and upland with horizon.

horizon depth (cm) soil colour soil texture soil type root compactness remarks
A 0-18 10YR4/4 Loam crumb fine medium
brown very few
JUF' B 18-38 10YRS/6 Sandy Loam crumb none compact ignious
yellowish brown rock
C more than 5YR7/8 Silt Loam subangular none very compact
38 orange blocky
A 0-39 7.5YR4/6 Silt Loam granular none medium
brown
TUU? B 39-78 7.5YR5/8 Loam subangular none medium ignious
bright brown blocky rock
C more than 7.5YR7/8 Silty Clay angular none medium
78 yellow orange blocky
A 0-26 7.5YRS/6 Sandy Loam crumb fine compact
. bright brown very few
KHU B 26-56 7.5YRS5/8 Sandy Loam granular medium compact ignious
bright brown few rock
C more than S5YRS/8 Silt Loam subangular medium very compact
56 bright reddish brown blocky few

'JUF: Jeongup field soil, *JUU: Jeongup upland field soil, ’KHU: Kyunghee University upland soil
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Table 2. Physical and chemical properties of soils (n=2).

JER Y AREY] 2908 534559 22 54 409

H

soils pH EC ExC CEC T-C TN specific
Ca Mg Na K Total surface area

dS m”’ cmol.(+) kg™’ emol(+) kg™ g kg™ g kg m g’
JUF-A 5.6 0.050 2.90 0.950 0.036 0.810 4.70 12.8 13.8 1.40 10.8
JUF-B 54 0.031 1.39 0.863 0.022 0.522 2.80 8.72 6.25 0.563 9.89
JUF-C 54 0.039 2.30 1.65 0.054 0453 446 853 131 0.181 155
JUU-A 53 0.047 235 1.15 0.036 0.716 425 126 11.6 1.08 18.6
JUU-B 49 0.052 0.882 0.802 0.025 0.391 2.10 9.53 9.14 0.738 21.8
JUU-C 50 0.039 1.07 1.23 0.032 0.282 261 9.36 0.800 00397 193
KHU-A 4.8 0.025 0.049 0.038 0.258 0.137 0482 6.58 872 0.640 107
KHU-B 48 0.026 0.046 0.049 0.004 0.109 0.208 8.92 2.16 0.173 133
KHU-C 52 0.020 0.080 0.374 0.041 0.145 0.640 8.81 2.37 0.199 19.8
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Fig. 1. Concentrations of heavy metals in field and upland soils extracted by 0.1 mole L-1 HCI solution.
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Table 3. The concentrations of heavy metals in Korea.

. Cu(Il) Pb(Il) Cd(ID
SOIl 1 —1 =

mg kg mg kg mg kg

upland field 2.104 4.614 0.098

farm land 4.461 4412 0.122

field 4785 5.689 0.115

average concentration of  5.300 6.503 0.147
the whole country, 2001 5 gg5 5375 0.135

natural concentration
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Fig. 2. Concentrations of heavy metals in field and upland soils digested by HNO,-HCIO; solution.
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Table 4. Correlation coefficient of concentrations of Cu(Il), Zn(Il), Pb(I) and Cd(Tl) with physical and chemical characteristics

of soils (n=9).

y . specific

methods heavy metals pH EC ExC CEC T-C TN surface area
ol mole e Cu 0.79%* 046 0.93%+ 0.69* 033 0.4 0.12
-1 mole Zn(ID) 046 0.14 028 005 003 0.18 023
. Pb(Il) 054 055 052 0725 068+ 0.69* 024
extraction cdan 0.82%+ 0.83%* 0.82%* 0.78%* 0.85%* 0.91*+ 0.01
Cu(l) 0.73%+ 040 0.88%* 0.70% 034 043 0.15

05 HCI

HNO,-HCIO Zn(TD) 0.14 0.50 0.10 -0.05 037 033 0.01
, Pb(ID) 037 0.13 053 011 0.14 005 0.12
extraction cdar 0.53 052 0.65* 0.85%* 0.70* 0.68* 026

*probability of no correlation: 5%
**probability of no correlation: 1%
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Table 5. Ratios of heavy metal concentrations extracted from soil samples by 0.1HCl.y and HNClg,.
JUF-A JUF-B JUF-C average | JUU-A JUU-B JUU-C average | KHU-A KHU-B KHU-C average a\:Zrthge
Cu( | 0.131 0087 0042 0087 | 0092 0044 0030 0055 | 0028 0024 0020 0024 | 0058
Zn(l) | 0402 0.143 0.075 0207 | 0122 0033 0009 0055 | 0015 0.001 0.001 0.006 | 0.097
Ph(Il) | 0.268 0271 0339 0293 | 0219 0509 0286 0338 | 0403 0473 0487 0454 | 0353
Cdm | 0739 0510 0808  0.686 | 0.945 0684 0243 0624 | 0173 0.106 0200 0.160 | 0520
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Table 5o YERd Z3} 7o) JUFSH JUU EY9
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