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Designing and 'Appl.icability of Soil Pollution Indices for Estimating
Quality of Soil Polluted with Heavy Metals and Arsenic

Yong-Ha Park

Korea Environment Technology and Research Institute

ABSTRACT

Soil pollution indices (SPI) were designed for estimating quality of soil polluted with arsenic and heavy‘
metals. Applying the quality reference value of soil based on its multifunctional purpose was a key step.
For considereing multifunctions of soil, soil was classified into 4 groups-agricultural land, residential area,
recreational area, factorial site. Then, each concentration of arsenic and each of five heavy metals (Cd, Cu,
Hg, Pb, Zn) in soils grouped was transformed to a mathematical value based on the soil quality reference
value which may stand for ecological impact. Soil pollution score (SPS) was the addition of the 6 values
transformed, and the range of the SPS was divided into 4 Soil Pollution Classes (SPC). The SPC 1, 2, 3,
and 4 were SPS <100, SPS 100-200, SPS >200-300, and SPS >300, repectively.

SPS and SPC were evaluated with the results of the data from employing the Soil Network of 1994.
Based on the soil quality reference values, SPS and SPC of the Soil Network's data were transformed and
classified, respectively. Then, SPS and SPC were compared with arsenic and the 5 heavy metal contents of
their reference values resulted from the Soil Network's. From this method, soil quality of most of the Soil
Network area was estimated to be healthy. However, ca. 3.0~4.0% of the Soil Network area was
determined in a range of slightly and heavily polluted. As the mean value of SPS of the Soil Network's
was 66.2 which indicates most of soil evaluated was healthy. When the SPSs of the data were divided into
4 groups of SPC, Class 1 (Good quality of soil), Class 2 (Need to be checked area 1), Class 3 (Need to be
checked area 2) and Class 4 (Polluted area) were 87.0, 9.4, 2.4, 1.2%, respectively. Using SPI were
comparable to those of heavy metal contents in soils, and would be comprehenve to determine the status of
soil qulity. Methodology of the developing SPI would be applicable to the other soil pollutants such as

organic and inorganics than arsenic and 5 heavy metals used here.

Key word : Soil, Metalliferous, Pollution, Score, Indices
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Conc,.
Soil Pollution Score =Y, T

i : As, Cd, Cu, Hg, Pb, and Zn
TV, : Target value ;

: a reference value indicating the

soil quality of agricultural area, residential area, re-

creational area, and factorial sites. Soil may need
to be depolluted above the reference value.

Conc, : Concentration of As, Cu, Cd, Hg, Pb, and Zn

in soil.

Table 1. Soil pollution reference value'(unit; mg/kg dry
soil) used for designing the soil pollution in-

dices
Agricultural ~ Residential Recreational
Contaminants gricuiur centt eereation Factorial site
area area area
As 6 12 12 15
Cd 15 2 2 8
Cu 50 40 40 200
Hg 0.4 0.8 0.8 4
Pb 100 200 200 400
In 130 110 110 200

! The soil pollution reference values of As and S heavy
metals(Cd, Cu, Hg, Pb, Zn) are desiginated from the
national or regional soil pollution reference values of
Great Britain, European Union, Canada, Australia/New
Zealand, and Japan. The values are concentration of the
metallifereous contaminants in soil. The concentration of
the contaminants in soil may cause a detrimental effect on
growth of animals, plants, and/or human beings.



50 Yong-Ha Park

=
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Pb, Zne] EFF FEE o] £HATE D o) B9}
BARAYY APTFH 1929} A2 A2 o)
Q= Egodearzd EFedud]zae ¢
2 Aolt}. z+2e] B0 ANT7|Fo] w2 Table
1ol HAS EEo|Ao 2 odBaol Ege 244
A A 2 SAZ AR HaE 98 S
e 998 Fxold.

FoAHFE o] 4% EUNS BHaly] Astod
%S B0 QM4 thel B ZF8HSoil Pol-
lution Class: SPC) 3}itt. B4 9 G357} 3004 o]
Abe 45 F, 300-200% Aol 3%, 200-1004 Alo]
£ 2%5F, 1008 HRe 15FeE ERAAY

(Table 2).
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Table 2. Soil pollution class(SPC)' based on the soil
pollution score(SPS)

Total soil pollution score Soil pollution class

) 300 4
300 - ) 200 3
200 - 100 2

(100 1

! Area of the SPC 4 indicates that the area of soil is
polluted area. Whereas, the soil quality of the SPC 2
and 3 area need to be reevaluated due to its possible
soil pollution, and the SPC 1 indicates the healthy area

of soil.

Atz o] Adxe % EANY. SRR Y4
EcgkzAuatol HAbxlgE IBM PCol| Excel (Version
4.0)% o] &3 =€y, Y4EE AEF DataBase
Fox Pro (Version 2.0)& ¢]&3lo ¥z 43
At

3.3y

EdEAY (99 EYF 298D 55 EYE
AFA S4E LHEEY HAFEE As 0.50mg/

Table 3. Concentration of metalliferous pollutants in
soil of the Soil Network area (conc. units;

mg/kg)'

pH As Cd Cu Hg Pb 7n

Mean(1305 S8 050 023 524 006 723 11.29
Total max’. - 359 97 8667 093 2469 2776
SE* 002 002 002 020 000 032 057

AgriculturalMean(l’lzs) 58 052 025 524 007 746 1231

max. 359 97 8667 093 2469 2776

area SE 0.00 002 002 023 000 036 0.66

Residential Mean(8)) 61 015 013 462 003 643 570
max. - 196 042 4212 034 7027 1767

Area SE 01 004 001 063 001 089 0.44

Recreational Mean(100) 56 053 014 364 007 520 805
max. - 216 090 2571 029 24.07 4530
area SE 01 006 002 034 001 040 090

' Data of the Soil Network of 1994. There was no fac-
torial site classified in the Soil Network of 1994.

% () indicates the number of soil samples analyzed.

* the maximum value resulted from quantity analysis of
pollutants in soil samples.

¢ standard error.

kg, Cd 0.23mg/kg, Cu 5.24mg/kg, Hg 0.06mg/kg, Pb 7.
23mg/kg, Zn 11.59mg/kgol R 2™, ¢ pHE 5.80]%)
o} (Table 3). E%9) o] 8 EEHIE Asot HgE A
9 e FEHY HFFEs FRANA FAA
o FY kA HEwsERY ¥4 Yehdoh
Table 194 A E EX F71FE 298 S3%
Aol & 5371 APLez F FAHAH 13057049 4.
0% AZFEAt EGArIES 2 AR
el & Cd 22714, Cu 6782, Hg 1074, Pb 47}
2, Zn 97 A2 JEldch

EgEAve] A9 EYLEHT 2 ELLET
F. A0 EGodAHT A&l o Ede
FHFE AF HT 662Ut EYY o] & &5
42 FARNN EFdATI 7782 M st
t}h @AM BEGFAFE 66.6, T A7
dMe 5244 o2 vEET B¢ o8 SRER
o} Y} B ARTFE FAA 9202, FAX 3077,
9 o714 225.80)1t} (Table 4).



Designing and Applicability of Soil Poliution Indices for Estimating:-- 51

Table 4. Soil pollution score’ of the Soil Network area

Mean Residential Recreational Factoraial
area area site
(1305) @) o) @
Mean 66.221 66.626 71778 52421
max.” 920204 920204 307723 225792

SE* 1.999 2.229 7.153 4.134

' Data of the Soil Network of 1994, There was no fac-
torial site classified in the Soil Network of 1994. ()
indicates the number of soil samples analyzed.

? the maximum value resulted from quantity analysis
of pollutants in soil samples.

? standard errot.

ZA o] ot A2 E ERQLFHSE Table 29
A Ee AT HEE TRIAS o, EGSAY
9] & 1305714 SR FNAM 113578 49] 87.0%7}

153, 1237042 9.4%7} 2%+, 3104 2.4%7}
355, 16702290 1.2%7F 453 N33tEnt. 458
o dlFdte EFSAAY 167049 EY o] £5
H B/ 54 A 012 (Table 5).

Table 5. The number of soil pollution class(SPC)' of
the Soil Network 1994

Total SPC 1 SPC 2 SPC 3 SPC 4

Total 1,305 1,135 123 31 16
% 100 87.0 94 24 1.2

' Area of the SPC 4 indicates the area of soil polluted.
Whereas, the soil quality of the SPC 2 and 3 area need
to be reevaluated due to its possible soil pollution, and

the SPC 1 indicates healthy area.
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