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Contamination and sources of heavy metals in the soils of
industrial cluster in piedmont plain of South Taihang Mountain
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Abstract: To elucidate the contamination and sources of heavy metals in industrial cluster soil 22
surface soil samples from industrial clusters in piedmont plain of South Taihang Mountain and 2 soil
samples from background area were investigated. Heavy metals total carbon ( TC) total nitrogen
(TN) and total sulfur ( TS) were analyzed for soils principal components analysis ( PCA) was
used to discuss the relations of the measured parameters and cluster analysis ( CA) was used to
discuss the spatial variations of heavy metals in the contaminated soils. The results indicated that the
average concentrations for Cu Zn Pb Ni Cr Co V and Srin the 22 soil samples were 85.05
161.32 39.51 42.57 90.80 13.79 117.56 and 173.23 mgekg™' which were 4.3 2.6 1.8
1.5 1.4 1.2 1 and 0.96 times of the corresponding background values of soil in Henan Province

respectively. Concentrations of TC TN and TS in the 22 samples ranged from 2.19% to 6.32%
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0.12% to 0.21% and 0.03% to 0.22% with average values of 3.17% 0.17% and 0.10%
respectively. Soils with high concentrations of Co Ni 'V and Cr were mainly located in the south—
west part of the study area and the sources of Co Ni V and Cr included fly ash and coal burning.
Soils with high contents of Cu Pb and Zn were mainly distributed in the Midwest part and these
three metals were derived from waste gas and dusts from chemical plants and metal melting plants. Sr
was from carbonate in parent rock. The heavy metals in residual soils were affected not only by parent
rock but also by waste gas and chemical fertilizers.

Keywords: soil heavy metal principle component analysis ( PCA)  cluster analysis ( CA)

contamination sources Jiaozuo City.
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2 ( Results and discussion)
2.1
pH . 1
(CV %) > pH 1.92%
Cu.Pb.Ni.Sr.Cr.CoZn V Cu.Pb.Ni  Sr 20%
Cu.Pb.Ni Sr . TC.TN TS 28.46%

15.52% 47.51%.

1
Table 1 Descriptive statistics of soil properties and heavy metal contents in the study area
Content ol v/ | Cr/,l CO/,[ Ni/ | Cu/i1 Zn/il Sr/ | Pb/,l TC/% TN/% TS/%
(mg'kg™) (mgwkg™) (mgkg™) (mgekg™) (mgekg™) (mgekg™) (mgekg™) (mgekg™)
Maxium 8.27 143.80 146.75 21.88 75.53 220.80 320.40 320.97 85.08 632 021 0.22
Minium 7.63 82.87 60.20 8.67 20.25 30.24 106.67 54.29 20.69 2.19 0.12 0.03
Mean 8.02 117.56 90.80 13.79 42.57 85.05 161.32 173.23 39.51 3.17 0.17 0.10
Median 8.04 118.00 83.01 13.35 39.65 52.19 152.55 175.92 31.99 3.02 0.17 0.09
Coefficient of 1.92 12.14 25.88 18.53 31.04 70.97 17.74 27.21 33.64 28.46 15.52 47.51
Variation/%
K-S
Kolmogorov— 0.85 0.75 0.90 0.55 0.93 1.35 0.45 0.76 0.99 0.67 0.79 0.78
Smirnov test
BG1 7.7 113.56 70.51 12.76 34.59 105.23 141.89 189.41 34.20 2.82 0.19 0.16
Background BG2 7.78 136.78 65.28 15.83 22.06 112.31 163.03 163.97 31.54 313 0.17 0.12
value ** 7,99 118.70 63.20 11.50 27.40 20.00 62.50 180.99 223 1.24 0.03 0.01
GB15618—95( 1 ) >6.5 - 300 — 200 400 500 — 500 — — —
D * (%) = / x100% Cofficient of variation ( CV) = Standard deviation ( SD) /Mean value x100%
* Kk pH.V.Cr.Co.Ni.Cu.Zn Pb 21  Sr.TC.TN.TS 22 .Background values of pH V Cr Co Ni Cu

Zn and Pb of soil in Henan Province are from Ref. 21  and values of St TC TN TS are from Ref. 22 .
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Fig.2 Distribution of heavy metal contents in different soil types ( NT: agriculture soil; LD: forest soil; NX: idle soil)
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Fig.3 Distribution of major element contents in different soil types ( NT: agriculture soil; LD: forest soil; NX: idle soil)
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Zn Pb v
2
Table 2 Statistics of heavy metal contents in industrial areas of different counties
Heavy metals
Industrial Zone \% Cr Co Ni Cu 7n Sr Pb References
117.56 90.8 13.79 42.57 85.05 161.32 173.23 39.51
77.08 96.99 11.34 25.43 20.88 71.56 — 46.71 7
— 67.9 — — 92.46 234.8 — 116.76 9
— 7.7 14.5 35.3 30.6 94.1 — 42.8 15
Chaziabad( ) — 288 — 147 122 187 — 147 24
Gujarat( ) 284.8 196.8 45.7 48.0 111 109.4 188.5 — 25
— 71.42 — — 85.4 215.7 — 65.92 17
2.4
Pearson 3 V ~ Co.Ni.Zn.Pb
(P<0.01) Cr CoNi (P<0.01) Co Ni.Zn.Pb (P<
0.01) Cu Zn.Pb (P<0.01) Zn Pb ( P<0.01) .
7915 24 26 ZnPb  Cu
Cr Ni » Cr.Co Ni
Sr TC ( P<0.01)
- SrvBa Ca
Sy Ca 27 28
Sr TC TN TS ( P<0.01) TN
TS
pH V.Co Pb ( P<0.05)
3
Table 3 Correlation between chemical compositions of local soil
Elements pH \Y Cr Co Ni Cu Zn Sr Pb TC TN
v -0.45°
Cr -0.18 0.50°
Co -0.50"  0.95*  0.59*
Ni -0.24 0.60**  0.80™* 0.72**
Cu 0.11 0.26 0.46" 0.32 0.34
Zn -0.16 0.74*  0.527* 0.74** 0.49" 0.58**
Sr 0.04 -0.31 -0.52* -0.22 -036 -0.16 -0.20
Pb -0.41" 0.67** 0.35 0.72** 0.30 0.58** 0.70**  0.02
TC -0.33 -0.19 -0.25 -0.05 -0.19 -0.09 -0.25 0.69™*  0.17
TN -0.25 0.07 -0.19 0.05 -0.16 -0.20 -0.16 -0.30 -0.05 -0.09
TS -0.36 0.01 -0.09 0.09 -0.22  -0.18 -0.01 -0.12 0.14 0.03 0.62**
DE 0.05 R 0.01
Note: * express when confidence ( double) measurement of 0.05 a significant correlation; * % express when confidence ( double)

measurement of 0.01

2.5
2.5.1
SPSS

KMO( Kaiser-Meyer-Olkin)

a significant correlation.

0.555

0.6
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Bartlett 0.000 0.05 Bartlett
» . SPSS 4
82.643( 4). I Co.Ni.V  Cr 4
25
2 Cu.Pb  Zn 3 Ton
N Sr TC
4 TS TN
4
Table 4 Results of Principal Component Analysis rotated by varimax
2 3 4 .
Variables PCl PC2 PC3 PC4 Variable
commonality
Co 0.844 0.448 0.006 0.122 0.928
Ni 0.820 0.129 -0.273 -0.297 0.852
\% 0.782 0.430 -0.095 0.134 0.824
Cr 0.683 0.253 -0.404 -0.242 0.752
pH -0.665 0.076 -0.387 -0.454 0.804
Cu 0.052 0.834 -0.162 -0.237 0.781
Pb 0.422 0.797 0.259 0.160 0.905
Zn 0.456 0.772 -0.150 -0.037 0.828
TC 0.018 -0.072 0.908 -0.007 0.829
Sr -0.298 0.005 0.851 -0.201 0.854
TS -0.015 0.032 0.016 0.878 0.772
TN -0.022 -0.128 -0.191 0.858 0.789
Eigenvalues 3.384 2.421 2.098 2.015 —
Contribution rate/% 28.199 20.172 17.481 16.791 —
. . 5. .643 —
Cumulative contribution rate/% 28.199 48.372 65.852 82.64
KMO=0.555; Bartlett 304 Sig=0.000
Kaiser-Mayer-Olkin value=0.555; Bartlett’s 304 sphericity test significance = 0.000.
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Fig.4 The result of Q-cluster analysis for samples
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Table 5 The average results of different types from Q-cluster
" C/( mg*kg™) Cl%
Type P \4 Cr Co Ni Cu Zn Sr Pb TC TN TS
I 7.88 134.77 112.53 16.72 52.05 129.94 185.96 172.42 54.86 3.65 0.17 0.13
I, 8.04 117.51 86.72 13.29 43.57 72.33 151.41 178.61 34.21 2.92 0.17 0.09
I, 8.10 96.19 75.86 9.74 27.44 60.72 122.96 186.51 26.19 3.65 0.16 0.10
2.6
Pb  Zn
5 Pb  Zn
(D
Pb  Zn ( NT12) Pb
( 5a) Pb  Zn
Pb/(mg-kg™") Zn/(mg-kg™h)
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50 200
40 ﬁ175
N N 150
L 30
/ 125
9 20 (\)—J 100
5 Pb(a) Zn(b)
Fig.5 Spatial distribution of heavy metals( a. Pb; b. Zn) in the study area
3 ( Conclusion)
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