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Pollution evaluation and source apportionment of heavy metals in soils from Tianjin suburbs, China

SHI Rong—guang', ZHANG You—wen'?, XU Meng-meng’, ZHENG Xiang—qun', ZHAO Zong—shan®

(1.Agro—Environment Protection Institute, Ministry of Agriculture and Rural Affairs, Tianjin 300191, China; 2. Key Laboratory of Biobased
Materials, Qingdao Institute of Bioenergy and Bioprocess Technology, Chinese Academy of Sciences, Qingdao 266101, China; 3.School of
Land and Environment, Shenyang Agriculture University, Shenyang 110866, China)

Abstract: To research the contamination level and sources of heavy metals in soil in suburban areas of Tianjin City, a total of 286 soil sam-
ples were collected from three land types (agricultural land, residential land, and industrial land) of soil over an area of 2000 km?, such as
farmland, ponds, rivers, green belts, residential land, and manufacturing land. The contents of Cr, Ni, Cu, Zn, As, Pb, and Cd were deter-
mined. In addition, the contamination and risk level of heavy metals were discussed using several contamination evaluation and risk assess-
ment methods. Moreover, the source apportionment of heavy metals was carried out by multivariate statistical analysis. The contents of sev-
en heavy metals in these soil samples were 71.47+20.49, 32.15+19.66, 27.77+12.77, 99.78+53.20, 17.59+8.69, 30.27+9.72 mg - kg™ and
0.19+0.17 mg - kg™ for Cr, Ni, Cu, Zn, As, Pb and Cd, respectively. The results of the contamination level and ecological risk assessment
showed that the soils in the suburbs of Tianjin were generally at moderate pollution and low ecological risk levels, with Cd and As as the
main contaminants. The results of the multivariate statistical analysis revealed that Cr and Ni mainly originated from lithogenic sources, the

origins of Cu, Zn, Pb, and Cd were a combination of lithogenic sources and anthropogenic sources, and As mainly originated from anthropo-
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genic sources. Our results indicate that the soils with anthropogenic inputs of Cd and As accounted for more than half of the soil samples in

the study area; therefore, it is necessary to focus on the monitoring of Cd and As in the local soil.

Keywords: heavy metal; soil; Tianjin suburbs; contamination evaluation; multivariate statistical analysis; source apportionment
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Figure 1 Location of the study area and the sampling sites
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Table 1 Content statistics values, background values and risk screening values of seven heavy metals in soils

I H Ttems Cr Ni Cu Zn As Pb cd
B SE DB
Al il /mg - kg™ 72.87+15.70 30.70%6.65 30.36x15.16  101.97+46.06 16.62+7.83 30.14+9.70 0.21x0.21
S A I HL/mg - kg™ 71.69+18.29 33.12+20.88 25.08+7.48 97.1063.02 18.84+9.16 30.8629.54 0.1620.07
Colb B /mg - kg™ 66.0334.81 35.31+39.09 24.1029.85 97.49+55.83 18.48+10.27 29.5110.31 0.1620.11
H/mg-kg! 71.47+20.49 32.15+19.66 27.77+12.77 99.78+53.20 17.59+8.69 30.27£9.72 0.1920.17
LB X /mg - kg ! 58.15+6.74 21.22+2.35 26.789.21 78.03+17.56 7.99+1.31 22.6446.51 0.20+0.10
RHTGHEX /mg-kg ™ 64.19+12.25 32.08+7.42 28.15+9.45 129.08+56.23 — 15.62+6.34 0.46+0.22
[ 5 /mg - kg ' 61 26.9 22.6 74.2 11.2 26 0.097
KA S /mg - kg™ 84.2 333 28.8 79.3 9.6 21 0.090
B B (1 /g - kg1 250 190 100 300 25 170 0.6
225 (PAE)
ol 5t 0.596 0.292 0 0.490 0.057 0.572 0.002
JEA S 0.222 0.674 0.528 0.972 0.841 0.459 0.699
Alb 5 Tl 0.216 0.445 0.011 0.592 0.273 0.714 0.119

T P>0.05 FR H AAAEREVEZE R

Note : P>0.05 represents no significant difference.
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Figure 2 Spatial distributions of seven heavy metals in soils from the suburb of Tianjin
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Table 2 Geo—accumulation indexes, Nemerow indexes and ecological risk factors of seven heavy metals in soils

5 H Ttems Cr Ni Cu Zn As Ph cd
T SRR AL L Al b -0.83+0.32  -0.74+0.32  -0.64+0.59  -0.33+0.53 0.06+0.65 -0.12+0.39 0.3720.83
i R b -0.86+0.35  -0.7020.48  -0.86x0.50  -0.42+0.54  0.19+0.83 -0.09+0.42  0.0720.61
Tl -1.12+¢0.82  -0.7520.67  -0.99+0.73  -0.44+0.63  0.03£1.19  -0.19£0.55  0.01+0.84
JSRIN -0.88+0.45  -0.7320.44  -0.76£0.60  -0.38+0.55  0.10+0.81 -0.12+0.43  0.22+0.79
W% 5 G R Al Hhy 0.40 0.22 0.88 0.96 1.56 0.45 2.22
Ji I it 0.44 0.80 0.34 1.49 1.36 0.28 0.63
Tk i 0.72 1.05 0.41 0.83 1.21 0.26 0.75
SREN 0.72 1.04 0.87 1.49 1.56 0.45 222
A BB £ I 0.20~5.80 2.07~41.86  0.76~20.90 0.43~7.86 0.57~54.59  1.44~25.01  11.37~623.37
EEMEARMER 2 1.70£0.49 4.83+2.95 4.8242.22 1.26+0.67 18.32+9.05 721£231  62.74+55.78
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Figure 3 Spatial distributions of pollution load index and ecological risk index of heavy metals in soil
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Table 3 Spearman correlation analysis of seven heavy metals in soils

Cr Ni Cu Zn As Pb Cd
Cr 1.000
Ni 0.791%* 1.000
Cu 0.675%* 0.783%:* 1.000
Zn 0.578%:* 0.725%:* 0.724%* 1.000
As 0.285%* 0.052 =0.117%* —-0.168%* 1.000
Pb 0.597%* 0.773%%* 0.689%* 0.687%* -0.087 1.000
Cd 0.470%* 0.588%:* 0.746%* 0.766%* —-0.2857%* 0.560%* 1.000
1 ¥+ PR P<0.01, ¥R P<0.05.,
Note: ** represents P<0.01, * represents P<0.05.
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Figure 4 Principal component diagram(a) and dendrogram(b) of seven heavy metals in soils
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