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Pollution Characteristics, Source Analysis and, Potentlal Ecologlcal ~Risk
Assessment of Heavy Metals in, Soils Surroundlng a Mun1c1pal Solid” Waste

Incineration Plant in Shanghai | * “ ¥ a2 b

GUO Yan hal SUN Xu chao, ZHANG Shl bg}g Yﬂ Guang -jie, TANG* Zheng, LHJ_ Zkién- hong, XUE Gang, GAO
Pin & =il

(State Env1r0nmental Protectlon Engineering Center for Pollutlon Treatment and Contr{l‘ in Textile &ndustry, College of EnVlronmental

.-‘

Seietice and Engmeermg, Donghua Unlversﬁy;, Shanghal 201620, China) .
Abstract 3 /The, contenis of ten heavy metals ( A8, Cu,.Cd, Cry Pb Ni, Zn, Ti, Mn, and Hg) were“determined in the surface soils

%urroundmg a muricipal solid waste incineration plant‘in Shanghal u%lng atomic spectroscopy. The spatial distribution and sources of the
detected heavy metalsiwere studied by enrichment factor and multivariate statistical and spatial interpolation analyses. In addition, their
potential: ecologlcal risk was assessed. The results showed that all heavy metals, except Hg and As, were detected with mean contents
ranging from 0. 399 to 4 220 mg-kg~'. The mean contents of Cu, Cd, Cr, Pb, Ni, Zn, and Mn were higher than their respective
background values in Shanghai. In particular, the mean content of Cd was 2. 9 times its background value. The results of the Pearson’s
correlation, principle component, enrichment factor, and spatial distribution analyses of these heavy metals indicated that Ti, Mn, and
Ni primarily originated from natural sources, while Cd, Cr, Cu, Pb, and Zn originated from industrial manufacturing, combustion, and
traffic emissions. The potential ecological risk assessment showed that soils surrounding the municipal solid waste incineration plant
suffered from a moderate-level risk. The mean value of the potential ecological risk index of these detected heavy metals was 108. 92,
of which Cd contributed as high as 79. 63% , deserving much attention.

Key words: municipal solid waste incineration plant; surface soil; heavy metal; pollution characteristic; potential ecological risk
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Table 2 Descriptive statistics of heavy metals in soils of the study area
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- S 3 i3 W& fiF
JLHR /mg kg /mg-kg"! bR W £33 % Jmg-kg! Jmg-kg!
Cd  0.083 ~1.065 0.399 0.22 1.81 3.49 55.1 0. 138 0.6
Cr 66.5 ~201.0 85.2 26.31 .99 17.85 30.9 68.5 250
Cu 18.3~65.5 31.4 9.81 1.91 5.48 31.2 27.2 100
Mn  466.8 ~794.6  605.8 97.78 0.59  -0.56 16. 1 548.0 ey
Ni 24.6 ~41.7 31. 14 4.63 0. 67 0.26 14.9 29.9 | [ 608
Pb 15.5 ~43.2 27.36 6.38 0.55= 0.51 23.3 25.0 3500 S 0=
Zn 59 ~153.5 99.20 23.32 0.56 4= 0.18 23.5 | 181.3 300,/ =
Ti  3775~4648 4220 246.65  -0.09  -0.77 5.8 fapoo |0 < & |
Hg ND — — £ — — /" 0.095¢ ‘ 1% A
As ND — — — = — [ ¥o.1%% | 25
R J%éﬂcaw% HIDGHR; N0 AR / 7 i y &
L i J . B ar
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Zn Fll Pb 2 [8) A 5¢ & B 43 51 o 0.563 . 0.694 Fl

iﬁ**?‘)‘)*lﬂii%% ONEL TR Mo Z LA 2 0,608, [AAEELATHL B AEHE(P <0.01).
x3 ELESEREXESHTY
Table 3 Pearson correlation analysis of heavy metals
Cd Cr Cu Mn Ni Pb Zn Ti
Cd 1. 000
Cr 0.125 1. 000
Cu 0.244 0.174 1. 000
Mn -0.039 0.211 -0.138 1. 000
Ni 0. 043 0. 067 -0.073 0.786 " 1. 000
Pb 0.264 0. 205 0.486 " 0.192 0. 400 1. 000
Zn 0.563 0.313 0. 694 ** 0.219 0.217 0. 608 ** 1. 000
Ti -0.163 -0.207 —-0. 149 0.592 0.821 " 0.339 -0.049 1. 000
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Table 4  Principal component analysis of heavy metals in soils

TR PC1 PC2 PC3

cd -0.094 0.619 0.127
Cr 0. 022 0.176 0.933
Cu -0.157 0.828 -0.015
Mn 0. 851 -0.038 0.327
Ni 0.954 0.104 0.037
Pb 0. 396 0.739 -0.034
Zn 0.124 0. 896 0.240
Ti 0. 898 -0.051 -0.309
FRAFEE 2. 649 2. 464 1.150
J5 2 BT/ % 33.12 30. 80 14.37

FI TR/ % 33.12 63.92 78.29

F 53 (PC3) 2Tk R R 14.37% , Cr H
B E s, HE T3 0.933. dhF 2 w5,
AR XL G F e TER&E, B

H 3 H
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ﬁﬂ%@ﬁﬂﬁfiﬂzﬁxLi 7
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25% i S RIUN I E. BaT W, i Ti
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2.89, J@ TSR E Y, Hop R BT SI
(5.38) . S10(3.50) . S11(3.08) . S20(3.31) Al
S23(3.14) N A m RIS YK, fERFES 4
(6.79) A1 S15(7.72) ik E] @15 4 /K. Cr, Cu,
Mn, Ni, Pb Fl Zn V54 ZECFHE 3008 1.24

1.16, 1.11,1.04, 1.09 F11.22, MHEZEI5 YLK,
Ti {59 2 B ¥ R 0. 98, J& B35 YL 7K .
I, SESEGEBRE R &AM R Cd > Cr >
Zn>Cu>Mn >Pb > Ni>Ti, 5548 & EFE
Brad e —3

R5 UFeASURERIETECREEET

Table 5 Enrichment factors of heavy metals with Fe as the reference element

EEIR cd Cr Cu Mn Ni Pb Zn Ti
EF{iH  0.58~7.90  0.88~2.99  0.69 ~2.28 0.79 ~1.37 0.75~1.26  0.64~1.63 0.75~1.93 0.81 ~1.05
EF Y9{4 2.72 1.17 1.09 1.04 0.98 1.03 1.15 0.92
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§
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B3 MIREEBHEHESETLERY Foa

Fig. 3 Contamination factor of heayy-metals -

inesoils in the study area |
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Fig. 4 Spatial distribution of heavy metals in soils in the study area
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