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Distribution of Heavy metals in Soil at Iksan 2nd Industrial Complex Area

Seong-Jo Kim, Seung-Hwa Baek, Kwang-Hyun Moon, Kwang-Ho Jang and Su-Jin Kim(Department of Agrcultural
Chemistry, College of Life Engineering, Wonkwang University, Iksan, Chonbuk, 570-749, Korea, "Department of Fcod
Science and Technology, Chungbuk Provincial Okchon College, Okchon 373-800, Korea)

ABSTRACT : 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 2nd Industrial Complex that has started since 1995. Soils sampled in 0-3 cm and 3-6 cm soil
depth, respectively were analized for content of Cd, Cu, Ni, Pb and Zn. The content of Cd in soil layer of 0 to 3 cm was 0.07-
4.37ppm range, average concentration was 0.516ppm and 3-6 cm was 0.07-8.52ppm range, average concentration was
0.380ppm. Area of the chemicals, dyes and metal products manufacturing were higher than the other manufacturing area in
Industrial Complex. The content of Cu in soil layer of 0 to 3 cm was 0.61-42.62ppm range, average concentration was
11.087ppm and 3-6 cm was 0.16-35.45ppm range, average concentration was 7.578ppm. Area of the metal products
manufacturing were higher than the other manufacturing area in Industrial Complex. The content of Ni in soil layer of 0 to 3
cm was 0.19-15.93ppm range, average concentration was 5.525ppm and 3-6 cm was 0.39-15.59ppm range, average
concentration was 5.310ppm. Area of the metal and chemical products manufacturing were higher than the other
manufacturing area in Industrial Complex. The content of Pb in soil layer of 0 to 3 cm was 3.10-55.75ppm range, average
concentration was 23.543ppm and 3-6 cm was 3.35-46.55ppm range, average concentration was 19.198ppm. Area of the
chemicals and metal products manufacturing were higher than the other manufacturing area in Industrial Complex. The content
of Zn in soil layer of 0 to 3 cm was 26.50-943.00ppm range, average concentration was 158.329ppm and 3-6 cm was 35.45-
882.45ppm range, average concentration was 127.914ppm. Area of the chemicals and metal products manufacturing were
higher than the other manufacturing area in Industrial Complex.

As the result, this study was to compare Cd, Cu, Ni, Pb, Zn average concentration in uncontaminated soil of world with those
in soil, that Cu, Ni were uncontaminated concentration level, Cd was somewhat higher compare with the concentration level of
world, Pb and Zn were very higher. Soil contaminated degree of Iksan 2nd Industrial Complex was known a difference by type
of industrial activities(chemical, dyes and metal of products)

Key word : Iksan 2nd Industrial Complex, Cd, Cu, Ni, Pb, Zn, distribution of heavy metal, Soil depth(0-3, 3-6 cm)
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Table 1. Concentrations of total heavy metals extracted with 4M-HNO3 in soil from Iksan 2nd [ndustrial Complex Area

(ppm)
Heavy Tksan Industrial Complex Uncontaminated
metals Range Median Average Range® World! USA"  Korea*
—----- Soil depth, 0 ~3cm —--—
Cd 0.06~ 452 035 0.52 001~07 03 0.5 0.13
Cu 0.61~42.62 646 11.09 2.00~ 100.0 20.0 250 4.52
Ni 0.19~ 1593 4.50 553 5.00~5000.0 40.0 20.0
Pb 3.10~55.78 2045 23.54 2.00~ 200.0 100 20.0 4.62
7n 26.50~943.00 105.71 15833 10.00~ 300.0 50.0 54.0 3.90
------ Soil depth, 3 ~6cm -
Cd 0.05~ 8.52 0.38 0.58
Cu 0.16~ 3545 2.13 7.58
Ni 039~ 1599 439 531
Pb 335~ 46.55 17.78 19.20
Zn 3545~88245 102,53 127.91

* Data from Lindsay, 1979
"Data from Angelone and Bini, 1992

*Joumal of Korean Society of Soil science and Fertilizer, 1995. Vol. 28. No. 4, p.295~306
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Table 2. Distribution of Cd concentration according to soi! at the Iksan 2nd Industrial Complex Area.
N rati depth soil (cm)
conoon 03 @A) 36(B) 06 (A*B) AB
interval
Average Frequency Average Frequency Average Frequency
0.01-0.10 0.07 2 0.08 5 0.076 7 0.897
0.11-0.20 0.18 11 0.16 9 0.169 20 1.089
0.21-0.30 026 20 027 8 0.263 28 0.961
0.31-0.40 0.35 16 0.36 24 0357 40 0.980
0.41-0.50 0.45 14 043 9 0.440 23 1.045
0.51-0.60 0.54 5 0.55 11 0.544 16 0983
0.61-0.80 0.7t 4 0.72 4 0.711 8 0.983
0.81-1.00 - 0 0.85 2 0.850 2 -
1.01-2.00 1.49 3 1.34 2 1.426 5 1.114
2.01-3.00 232 1 231 3 2310 4 1.006
3.01-5.00 438 2 - 0 4375 2
8.52 - 0 852 1 8.520 1 -
Total 052 78 0.58 78 0.547 156 0.890
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Table 3. Distribution of Cu concentration according to soil at the tksan 2nd Industrial Complex Area.

Concentration Depth soil (cm)
interval 0-3(A) 3-6(B) 0-6 (A+B) A/B
Average Frequency Average Frequency Average Frequency

nd - (54) R (39) - (113) -
0.01- 1.00 0.75 3 0.59 5 0.649 8 1276
1.01-2.00 1.52 3 1.61 4 1.571 7 0.948
2.01-5.00 348 4 342 4 3451 8 1.017
5.01-10.00 7.54 6 8.82 2 7.859 8 0.855
10.01-20.00 12.62 2 16.80 2 14.708 4 0.751

20.01-30.00 2217 3 - - 22.167 3 -
30.01-40.00 3338 2 3485 2 34.113 4 0.958

4262 42.62 1 - - 42,620 ] -
~ Total 11.09 78(24) 7.58 78(19) 9.536 156(43) 1463
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gol o] 24H E& oFol A& HHE JFFYEZ Ho
A 232 FFHEUG
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Table 4. Distribution of Ni concentration according to soil at the Iksan 2nd Industrial Complex Area.

Concentration Depth soil (cm)
interval 0-3(A) 36(B) 0-6 (A+B) AB
Average Frequency Average Frequency Average Frequency
nd - 1 - 0 - M -

0.01- 1.00 042 2 0.55 2 0.485 4 0.764
1.01- 2.00 1.50 5 1.42 4 1.464 9 1.063
2.01-3.00 2.59 8 261 9 2.602 17 0.994
3.01-4.00 367 11 3.56 17 3.603 28 1.030
401-5.00 444 21 449 15 4460 36 0.989
5.01-6.00 542 9 541 7 5414 16 1.002
6.01- 8.00 720 6 6.77 12 6913 18 1.063
8.01-10.00 8.86 5 8.79 3 8832 8 1.008
10.01-12.50 11.13 6 11.12 6 1.127 12 1.001
12.51-15.00 14.33 2 13.95 2 14.140 4 1.027
15.01-16.00 15.52 2 1599 1 15673 3 0.970
o 552 78(77) 531 78 5417 156(153) 1.040
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Table 5. Distribution of Pb concentration according to soil at the lksan 2nd Industrial Complex Area.

. depth soil (cm)
conoeniration 03A) 36(B) 06 (A+B) AB
interval
Average Frequency Average Frequency Average Frequency
0.01-10.00 7.20 4 597 6 6.436 10 1.215
10.01-15.00 1257 10 13.30 16 13.020 26 0.945
15.01-20.00 17.34 2 17.12 28 17213 50 1.013
20.01-25.00 22.12 14 21.74 16 21917 30 1018
25.01-30.00 2683 15 28.03 27.086 19 0.957
30.01-40.00 32.10 1 35.19 5 34.673 6 0.912
40.01-50.00 4348 8 467 3 43.800 I 0.973
50.01-60.00 52.08 4 - 52.075 4 -
0.01-60.00 23.54 78 19.20 78 21371 156 1226

°JI B E¥ F9 AMHFX & 19.20ppmol et AMH o

E EY T Pb #F vodA £FoUed olv I
A2 AAEF AU B, 299 do AW 4
#2 & F UUG.

R 69 Zn EYF FEZve EY Z4o] 0~3cmoA 5%, 3
~b6cm ZoldAM 12%¢ A&7} 50ppmo]dte] § T o|ojX
Y EYY 88~95%7F MA 2 nFE%Y HodA F
ZAE B 9e EY § Zn B¥XE YT U} A
EYS B EY 9 E¥¥e Zn % 125ppm o|F, =
AEF 64~69%7F BEYAA ¥, 125~500ppme Zn
e Uebhd ESdME AEY & 0~3 cm 294 &
FEII o0 500~1000ppmE YAM & 3~6cm L o]
A BEYAA Edh

UAEESH EX 5 S2E2H 0| T

ATl EY F 334 P vAE 92 24
371 A3t A9 FHG FFELEY EY F ¥HH3Y
BAE YeY FA3e E 7S 24,

EY 5 $359 #FE 449 74 we g3z
ARNew, CdY HFgFol H449d AGelA 030ppm,
AAY Aol A 100 ppm, F&7+FA GNA 0.38ppm,
FEGEZAE AGAM 0.52ppmeB2 AAESH F 3

0.30ppm™ 2T 1.00~33387F B4, "2EGY A
050ppmE e 3tetekE 9 AN #HE o] 002~
050 ppm %} B 29 AT Cur A48y x4
oA 4.48 ppm, HARY AHNM 2604 ppm, F&7-F
A o)A 1898 ppm, 3}%E X 9oM 715 ppm 0.2
AAESYFA 20ppmEThe AAAGA A v 1302
Wt E%X, FESHFAE 20ppmo B HANY X o
oA AT 104 ppme] & ¥}t Nig) A$ AAESHFE
% 40ppm, VFEYFFA 20ppme 71FoT W T
o RE A AFN 392~613 ppm PHE ¥ 2
W2 FE BAoy 2 T4 4717 Ao gE 7
At o7 Ut PbY EY 3 BFL A9 7
3 H9st 21.61~30.63 ppmo 2 MAESGHFA 10
ppm¢ 216~3.068 ) o232 wIFEYHFA 20ppm
1.08~153u7} so] o] <] Phytgo] Jhyoz &

SZ veig,

FRHeE B F Fol ¥ Zne HAAA 9903
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EEYUANE AABZA SOppm3t MY o 198~ 67luﬂ
) Z2Y 73 S4ppmIe 183~62181E el ol A

Table 6. Distribution of Zn concentration according to soil at the Iksan 2nd Industrial Complex Area.

. depth soil {(cm)
concentration 03 A) 3% ®) 06 (A'B) AB
interval
Average Frequency Average Frequency Average Frequency
nd - 0 - 2 - 2 -

0.01-50.00 38.03 4 41.66 7 40.341 11 0913
50.01-75.00 63.40 14 63.83 16 63.631 30 0.993
75.01-100.00 87.70 14 90.20 13 88.904 27 0972
100.01-125.00 108.47 18 109.78 16 109.085 34 0.988
125.01-150.00 135.60 5 135.48 11 135.520 16 1.001
150.01-200.00 185.34 7 178.69 8 181.791 15 1.037
200.01-300.00 245.18 9 242.10 1 244868 10 1.013
300.01-500.00 346.52 3 31053 2 332.120 5 1.116
500.01-1000.00 727.04 4 848.25 2 767.443 6 0.857
~0.01-1000.00 15833 78 12791 78(76) 143.319 156(154) 1238
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Table 7. Effect of the industrial activities on content of heavy metals in soil at the Iksan 2nd Industiral Complex Area.

(ppm)
dusiics Cd Cu Ni Pb 7n
Range Mean Range Mean Range Mean Range Mean Range Mean
“extile 0.13-0.55 030 0.72-895 448 276-11.49 566 15604090 2460 549529560 13546
Flectronics 0.24-423 100 9464262 2604 065925 392 750-5235 3063 772582570 33540
Metal processing  0.23-0.64 038 1283364 1898 0191510 613 10.10-5575 2463 54422895  99.03
Chemicals 0.064.52 052 0612243 715 128-1593 550 3.10-5005 2161 26.50-94300 15791
mass Cd 1-3cm s Cu 1-3cm

©d content

W RN |

,,_,s{_:,.{?--«'{’

Cu contenl

.3

Pb 1-3cm

Mi contan
Pl contant

Zn content

Fig 2. Distribution of heavy metal content in 0 to 3 cm soil depth according to industrial activities(Grid number is divide with lcm interval of tksan
2nd industrial complex map).
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Cu 3-6cm

Cd content
Cu content

Ni content

Pb content

Zn contant

Fig 3. Distribution of heavy metal content in 3 to 6 cm soil depth according to industrial activities(Grid number is divide with lcm interval of lksan
2nd industrial complex map).
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