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Abstract

This study was performed to examine the distribution characteristics and concentration of heavy metals in soil
collected from school playgrounds around the Sinpyeong-Jangnim Local Industrial Complex, Busan and to investigate
their relationship with major pollution sources. Both topsoil and subsoil samples from nine school playgrounds around
the Sinpyeong-Jangnim Local Industrial Complex were collected to analyze pH, organic matter contents, and soil

heavy metals

The results were as follows ; Analysis of heavy metals found that concentration of Zn at the subsoil of S8
exceeded the preliminary standard in accordance with the Soil Environment Conservation Act. But concentrations of
all heavy metals in the soils collected from the other sites were lower than the standard. There was no significant
difference in heavy metal distribution between topsoil and subsoil. According to a cluster analysis, the sites studied
were divided into S1~S5 and S6~59. Cd, As, Hg, Pb, and Zn were higher at S6~S9 and Cr was higher at S1~S5.

Results obtained from the source assessment of trace elements using enrichment factor showed Cd, Pb, Zn, Cu and
Fe were influenced by urban anthropogenic sources. And the correlation analysis revealed significant correlations
between Cd, Zn and Hg, between Pb and As, and between Cr-Ni and Ni at topsoil, and between Cd, Zn and Pb,
and between As and Hg at subsoil. This indicates that the area studied was being influenced mainly by various

metallic industries, and also compositively by fuel burning, waste incineration, petrochemical manufacture and various

other sources of emission including cars.

SPS in the area studied was below 100 and SPC was first grade, but SPC at specific site was found to be the

second grade, requiring continuous monitoring
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Fig. 1. Location of the sampling sites

Table 1, Sampling sites and number in Figure 1

N District Students Playground No. of sampling points
o. istric (person) Area(m2) topsoil subsoil
S1 Jangnim 1-dong, Saha-gu 540 2,666 3 3
S2 Jangnim 2-dong, Saha-gu 1,255 7,560 5 5
S3 Jangnim 2-dong, Saha-gu 1,300 3,250 4 4
S4 Jangnim 2-dong, Saha-gu 850 2,240 3 3
S5 Jangnim 2-dong, Saha-gu 1,007 6,718 5 5
S6 Sinpyeong 2-dong, Saha-gu 970 11,920 7 7
S7 Sinpyeong 2-dong, Saha-gu 1,040 6,228 4 4
S8 Sinpyeong 1-dong, Saha-gu 602 4,720 4 4
S9 Sinpyeong 1-dong, Saha-gu 759 6,881 5 5
D1 Gijang-eup, Gijang-gun 1,238 14,749 1
D2 Cheongnyong-dong, Geumjeong-gu 1,191 5,329 1 -
total 42 40
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Table 2. The concentration of heavy metals in soil collected from school playgrounds (mg/kg)
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Sampling site

Heavy metals

Cd Cu As Hg Pb Cr /n Ni
S1 topsoil 0.090 1.909 0.037 0.009 2,572 0.913 45.500 3.489
(n=6) subsoil 0.086 0.802 0.092 0.009 1.890 0.525 47.083 2.689
S2 topsoil 0.132 2.405 0.066 0.013 2.888 1.112 55.583 4.433
(n=10) subsoil 0.123 1.256 0,030 0,017 2.664 0,600 65.510 5.253
S3 topsoil 0.098 1.458 0.015 0.011 2.163 0.608 59.300 3.558
(n=8) subsoil 0.134 1.875 0.025 0.008 1.793 0.721 65.404 3.775
S4 topsoil 0.081 2.792 0.085 0.105 3.343 0.777 39.000 3.567
(n=6) subsoil 0.115 1.605 0.092 0.023 1.885 0.343 62.006 5.989
S5 topsoil 0.150 3.345 0.015 0.043 2981 0.609 46.433 4793
(n=10) subsoil 0.114 2.129 0.052 0.072 5.666 0.219 95.970 3147
S6 topsoil 0.052 2.286 0.079 0.089 2.816 0.056 20.436 1.886
(n=14) subsoil 0.176 0.967 0.194 0.178 1.581 0.009 33.526 2271
S7 topsoil 0.069 2.214 0.110 0.099 4.888 0.009 44.092 1.225
(n=8) subsoil 0.250 1.198 0.211 0.178 23.000 0.010 280.900 4.433
S8 topsoil 0.733 2.045 0.131 0.341 5.100 0.005 121,942 3.008
(n=8) subsoil 0.300 0.748 0.123 0.145 7.138 0.004 315.675 1.075
S9 topsoil 0.125 1.639 0.186 0.302 3.880 0.002 30.370 2.607
(n=10) subsoil 0.156 0.897 0.183 0.189 2.820 0.006 52813 3.193
Avg topsoil 0.180 2.332 0.069 0.094 3.397 0.487 54.074 3.206
(S1~89) subsoil 0.162 1.275 0.111 0.091 5.382 0.271 113.210 3.536
D1 topsoil 0.120 4.150 0.210 0.070 9.200 0.000 77.733 8.667
D2 topsoil 0.070 4.165 0.155 0.011 10.500 0.000 42.200 2.867
Avg (D1~D2) 0.095 4.158 0.183 0.041 9.850 0.000 59.967 5.767
* S 1 School playground soil in this studied area
D : School playground soil in control area
Cd Cu
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Table 3. The pH and organic matter contents in soil collected from school playgrounds

. Soil pH Organic matter contents(%)
e topsoil subsoil topsoil subsoil
S1 83 7.9 1.1 19
S2 9.2 9.0 23 19
S3 9.2 9.3 2.2 21
S4 9.1 9.3 0.8 1.6
S5 8.9 9.0 13 20
S6 8.3 8.5 1.1 1.8
S7 82 8.0 0.6 2.8
S8 7.2 7.9 1.2 1.9
S9 8.6 8.7 0.9 18
Avg.(S1~59) 8.5 8.6 13 2.0
D1 9.1 - 0.8 -
D2 8.8 - 1.1 -
Avg.(D1~D2) 9.0 - 1.0 -

Table 4. The correlation coefficient among soil pH,
from school playgrounds

organic matter contents and heavy metals in soil collected

Topsoil Cd Cu As Hg Pb Cr Zn Ni
pH -731 ¢ .207 -083 % -816 *  -733 * 721 = =579 524
oM -.017 -317 -.503 -.379 -.558 533 171 .583
Subsoil Cd Cu As Hg Pb Cr Zn Ni
pH -572 J59 -.567 -471 -478 484 -.589 612
o.M 433 .079 .296 .284 904 = -153 5860 .059
*. Correlation is significant at the 0.05 level (2-tailed).
# Correlation is significant at the 0.01 level (2-tailed).
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Table 5. The correlation coefficient between heavy metal concentration in the topsoil and subsoil

Cd Cu As

Hg Pb Cr Zn

Correlation

coefficient 680

371 601

561

ek

698 841 667 198

* 5 Correlation is significant at the 0.05 level (2-tailed).

# 5 Correlation is significant at the 0.01 level (2-tailed).
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Table 6. Enrichment factor of trace elements in soil collected from school playgrounds

trace elements
Zn Ni Cu Cd Pb Cr Ca K Na Mg Fe Al
S1 topsoil  30.5 9.5 117 4424 201 8.5 3.7 0.5 0.6 5.1 259 1.0
(n=6)  subsoil  19.1 44 5.3 3731 249 25 24 0.6 0.6 5.0 213 1.0
S2 topsoil  22.0 8.6 8.9 4116 190 7.9 10.2 1.0 22 5.0 24.6 1.0
(n=10)  subsoil 15.0 43 44 3253 19.5 2.8 3.4 0.7 13 5.0 19.1 1.0
S3 topsoil 14.2 3.6 5.2 293.6 191 19 59 0.8 1.0 5.0 219 1.0
(n=8)  subsoil  15.6 3.8 5.4 2738 185 27 6.1 0.9 0.5 5.0 17.8 1.0
S4 topsoil 243 6.5 114 3464 219 5.6 44 0.6 1.0 5.0 19.7 1.0
(n=06) subsoil 204 4.6 7.6 327.8 199 2.7 2.2 0.9 1.6 5.0 19.0 1.0
S5 topsoil 429 125 222 499.3 30.6 11.8 264 0.6 5.4 5.0 256 1.0
(n=10)  subsoil 31.8 49 12.0 358.3 38.1 33 5.1 0.8 2.1 5.0 17.3 1.0
S6 topsoil 222 6.0 141 4184 252 3.8 4.0 0.9 47 5.0 241 1.0
(n=14)  subsoil 20.0 44 8.1 385.8 289 2.3 2.0 1.3 1.7 5.0 214 1.0
S7 topsoil 477 11.3 248 0199 857 11.0 49 0.7 0.3 5.0 33.5 1.0
(n=8)  subsoil 063.3 7.5 17.4 594.3 619 5.4 5.3 0.5 0.1 5.0 18.9 1.0
S8 topsoil 1104 6.8 316 12378 1457 5.8 24 1.0 3.1 5.0 249 1.0
(n=8)  subsoil 1828 5.6 458 15064 2938 2.8 7.3 0.9 1.7 5.0 230 1.0
S9 topsoil 258 7.5 109 465.6 29.4 6.5 118 0.6 12 5.0 253 1.0
(n=10)  subsoil 24.6 5.7 8.0 483.5 30.1 28 5.5 0.7 1.1 49 19.6 1.0
topsoil 37.8 8.0 15.6 526.1 454 7.0 8.2 0.7 2.2 5.0 251 1.0

Sampling site
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o] ¥& FHEEL AR FEAoln AT Ut edd 53, ABAY AW AFAAF Ak
of o&] wiF¥Etta F4% & Qlvk #AY Frkel A AEE, AHE A9 AA AxPdAT d3E Table 89
Bl 3 S 25 Bl JFS AL E  UehldEd 3 B 0ES s 9F0l 14 F
Ag 2] skl UTE AYVAE FHOR AF & 2UTH T FHUNCE Uehdh AFE, 3P
HEedel e F=5 eSSl tisted A= EL AAA o] FHAS F387MAE DAY ok24%E A
AFE FEAG] YA Ge AAPIE THE  A%D 2 TIA AHTD AP YT
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Table 7. The correlation coefficient among heavy metals in soil collected from school playgrounds
Topsoil Cd Cu As Hg Pb Cr Zn Ni
Cd 1
Cu =111 1
As 531 -.040 1
Hg 887 = _015 792 ¢ 1
Pb 625 .090 865 809 = 1
Cr =391 107 -.605 -.661 -.008 * 1
7n 945 2068 403 747 547 -.226 1
Ni .037 355 -.014 -315 -.505 J77 0 137 1
Subsoil Cd Cu As Hg Pb Cr Zn Ni
Cd 1
Cu -426 1
As 548 -.587 1
Hg -691  * -464 897 = 1
Pb 613 =055 493 466 1
Cr -.664 410 -848 . -932 % 445 1
7n .890 =239 321 429 762 * 0 -480 1
Ni - 447 457 -274 - 445 071 429 -295 1

* Correlation is significant at the 0.05 level (2-tailed).
*# Correlation is significant at the 0.01 level (2-tailed).
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Table 8. The types of manufacture in the Sinpyeong-Jangnim Local Industrial Complex and Sinpyeong

dong-Jangnim dong area

Sinpyeong-Jangnim Local Sinpyeong dong,
Industrial Complex, Busan* Jangnim dong**
Manufacture of food products and beverages 13 227
Manufacture of textiles, Tanning and dressing of leather 28 200
Sawmilling and planing of wood, 14 131
Manufacture of pulp, paper and paper products
Manufacture of refined petroleum products, 14 39
Manufacture of chemicals and chemical products
Manufacture of rubber and plastic products, 6 127
Manufacture of nonmetallic mineral products
Manufacture of basic metals 2 52
Manufacture of fabricated metal products 48 335
Manufacture of other machinery and equipment - 274
Manufacture of electrical and electronic machinery 13 98
Manufacture of Motor Vehicles or other transport equipment 6 20
etc, 12 91
total 156 1,594

* http://www.sjbu.com, ** http://www.saha.go kr
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