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Distribution of Heavy metals in Soil at Iksan 1st Industrial Complex Area
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Abstract : The purpose of this study was to compare heavy metal concentrations in uncontaminated soil with
those in soil influenced by industrial activities, and to investigate the relationship between change of heavy metal
content and the kind of industry at the Iksan 1st Industrial Complex that has started since 1975. Soils sampled in
0-3 cm and 3-6 cm soil depth, respectively were analized for content of Cd, Cu, Ni, Pb and Zn.

Change of heavy metal content in soil of the industrial complex were more accumulated 16 to 256% of Cd and
Cu, 93% of Pb and Zn, respectively in samples compared with natural soil uncontaminated. But there was no
different in Ni content between two soil, Distribution of Cd in soil layer of 0 to 3 cm was the highest
concentration of 5 ppm more at the textile industries, and then higher at the chemicals and the food processing
industries. In 3 to 6 cm soil layer Cd content was the highest concentration of 5 ppm more at the metal
processing industries, and then higher at the textile industries. Cd accumulation in soil was different according to
a kind of industry and scil depth. Cu content was the highest value of 400 ppm more in soil layer of 0 to 3 cm
at the manufacturing electric wires industry area and showed the accumulation phenomenon in soil layer 3 to 6
cm at the ohmmeter, machines and electric wires industry area. Ni content was 35 ppm more in soil of the metal
plating and processing industries regardless of soil sampling layer. Then it was 25 ppm more in soil of the
building stones and semiconductor industries. Pb content was from 400 to 1000 ppm in soil of the chemicals and
textiles industries regardless of soil sampling layer. Zn content was 1200 ppm more in soil of the chemicals and
silk fabrics industries regardless of soil depth, and then lower in order to soil of leather processing{metal processing
<metal plating industries. In conclusion, changes of heavy metal kinds and content in soil of this industrial
complex area were caused by the type or kinds of industrial activities. Changes of Pb and Zn content in soil were
dominated at this area.
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Table 1. Concentrations of total heavy metals extracted with 4M-HNO,
in soil from the Iksan 1st Industrial Complex Area (ppm)

Heavy lksan Industrial Complex Uncontaminated

metals Range Median Average Range World US.A!
----- soil depth, 0-3 cm------

Cd 003 59 031 041 001- 07 03 05

Cu  0.18- 450.39 17.00 3252
Ni 0.80- 3929 685 812 5.00- 500.0 40.0 20.0
Pb  14.50- 103620 5460 88.64 2.00- 2000 10.0 20.0
Zn  44.45- 125070 168.40 221.59 10.00- 300.0 50.0 54.0

2.00- 100.0 200 25.0

Cd 001- 558 032 057
Cu  0.03- 45061 1566 29.40
Ni 0.28- 4443 687 821
Po  940- 172665 49.95 92.83
Zn  28.90- 122720 164.05 212.66

# Data from Lindsay, 1979
§ Data from Angelone and Bini, 1992

Table. 2. Distribution of Cd concentration according to soil at the
lksan 1st Industrial Complex Area.

depth soil (cm)

concentiation .3 (a) 36 (B) 6(A+B)  AB
interval
Average Frequency Average Frequency Average Frequency
0.01-0.10 0.068 9 0.05 10 0.058 19 1.152
0.11-020 0.15 17 015 14 0450 31 1.054
0.21-0.30 025 14 027 14 0259 28 0.957
0.31-040 0.36 16 0.35 11 0357 27 1.055
0.41-050 047 13 046 14 0463 27 1.031
0.51-060 0.53 5 0.56 5 0546 10 0.950
0.61-1.00 074 4 078 4 0755 8 0948
1.01-500 162 2 1.94 7 1.867 9 0833
5.01-10.00 5.98 1 5.30 2 5527 3 1128
Total 041 81 0.57 81 0494 162 0.719
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Table 3. Distribution of Cu concentration according to soil depth
at the lksan 1st Industrial Complex Area.
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Table 5. Distribution of Pb concentration according to soil depth
at the |ksan 1st Industrial Complex Area

depth soil (cm)
36 (B)

interval

06 (A+B) AB

Average Frequency Average Frequency Average Frequency

depth soil (cm)
36(B)

concentration

k 06(A+B) AB
interval

0-3(A)

Average Frequency Average Frequency Average Frequency

nd - 0o - M - -
001100 045 4 032 3 03%4 7

1011000 529 21 527 29 5274 50 1.004
10012000 1498 24 1569 17 15274 41 0955
20013000 2456 12 2427 14 24407 26 1.012
30014000 3359 6 3317 6 33379 12 1013

4001-5000 4364 6 4492 3 44063 9 0972
50.01-100.00 68.41 4 6632 6 67152 10 1032
100.01-30000 14531 2 - 0 14631 2 -
3000140000 389.39 1 - 0 38939 1 -
4000150000 45033 1 43016 2 43690 3 1.047

Total 3252 81 2940 81(80) 30.970 161(162) 1.106

Table 4. Distribution of Ni concentration according to soil depth
at the lksan 1st Industrial Complex Area.

0.01-2000 1664 5 1627 5 16455 10 1.028
20014000 3162 23 2092 25 30738 48 1057
40.01-60.00 5028 18 4982 17 50057 35 1.013
60.01-80.00 69.28 13 6884 15 69044 28 1.006
8001-10000 8796 8  90.11 9 89098 17 0976

1000118000 127.76 7 123.70 4 126217 11 1,033
150.01-20000 169.17 2  160.00 2 150583 4 0995
2000160000 402.88 4 485.96 3 43848 7 0829
103620 103620 1 - 0 103620 1 -
1726.65 - 0 172665 1 172665 1 -
Total 8864 81 9283 81 90738 162 0.955

Table 6. Distribution of Zn concentration according to soil depth
at the lksan 1st Industrial Complex Area.

depth soil (cm)
36 (B)

06(A+B) AB
interval

Average Frequency Average Frequency Average Frequency

depth soil (cm)
36(B)

concentration

! 03 (A)
interval

06(A+B) AB

Average Frequency Average Frequency Average Frequency

nd - 0 - (1 - (1) -
0.01-3.00 2.16 5 1.50 8 1753 13 1446
301500 412 21 4.08 13 4107 34 1.010
501-700 608 16 620 20 6.144 36 0981
701900 799 13 796 20 7974 33 1.004
9.01-10.00 9.50 9 9.24 4 9421 13 1.027
10.01-13.00 1123 8 10.89 6 11084 14 1031
13.01-15.00 14.15 3 1385 3 14002 6 1021
15.01-20.00 18.16 3 1679 1 17818 4 1082
20.01-50.00 28.84 3 2064 5 29339 8 0973

Total 812 8t 821 80(81) 8.113 161(162) 0.988

nd - ® - 0 - @ -
0018000 6772 6 5783 6 627711 12 1171

8001-14000 11211 23 10954 19 110948 42 1.023
140.01-20000 169.33 18 163.16 27 166625 45 1.038
200126000 217.32 11 218456 6 21772 17 0995
25001-300.00 277.01 8 27451 9 275683 17 1.009
300.01-400.00 346.71 4 33976 6 34259 10 1.020
4000150000 433.78 2 45788 5 45008 7 0947
500.01-1000.00 626.14 5 52763 2 597983 7 1187
1000.01-1500.00 1269.70 1 12720 1 12840 2 1.026

Total 22159 78 (81) 21266 81 217.34 159(162) 1.042
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Table 7. Effect of the industrial activities on content of heavy metals in soil at the lksan 1st Industiral Complex Area.

(ppm)
Industries Cd Cu Ni Pb Zn
Range Mean Range Mean Range  Mean Range Mean Range Mean
Precious metals 001-053 026 0.32-9182 2422 374-13.71 766 1495-145625 4287 28.90-48640 20538
Textile 0.03-598 051 0.03-45061 2521 028-19.97 635 940-48285 7458 4530-52370 187.06
Electronics 0.08-1.09 040 0.18-4697 1622 077-25.17 799 1755-16680 64.98 7150-321.05 180.04
Building stones 004-047 024 1229-2333 1566 7.10-32.05 1728 51.75-14055 7834 57.00-33595 21952
Metal processing 0.05-558 067 0.18-45061 7535 3.08-4443 1196 19.05-13940 64.05 7150-96140 243.58
Food processing 0.01-175 045 4.12-12394 1538 028-1486 766 1495-172685 216.55 44.45-1250.70 304.61
Chemicals 0.03-175 053 167-46.06 1792 3.00-9.06 6.96 22.55-591.73 123.79 65.60-536.80 248.22
Leatherprocessing 0.04-038 042 1040-48.79 3140 4.12-1421 912 22.11-15153 8567 2160-3680 280.49
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Fig. 3. Distribution of heavy metal content in 3 to 6 cm soil depth according to industrial activities.
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