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Abstract; The municipal solid waste (MSW ) incineration has been well known among key sources of heavy metal (HM) emission. To
investigate the multivariate relationships and spatial distribution of HMs from this source, 9 HMs (Hg, As, Cd, Cr, Cu, Ni, Pb, Se
and Zn) were analysed by multivariate statistical analysis in 80 representative soil samples including surface soils and subsurface soils
around the Shenzhen Qingshuihe MSW Incineration Plant ( MSWIP). Results show that, the concentrations of Hg, As, Cd, Cr, Cu,
Ni, Pb, Se and Zn range 0. 012-0. 136, 0.23-75. 89, not detected (ND)-1.17, 21.7-116.0, ND-61. 1, ND-47.0, ND-133.0, ND-
16.4 and 8. 6-246.9 mg-kg ™', respectively. No significant elevation of concentrations of HMs in soils is observed, compared with the
natural background. Based on the hierarchical cluster and historical analysis, the spatial correlations of HMs have been changed by the
impact of MSWIP. According to the similarity of concentration, the HMs can be divided into 3 categories; (DCu, Ni, Cr, Se, Zn, Pb;
@As, Cd; @ Hg. Factors analysis was also performed and shows that the HM distribution patterns are dominantly affected by 3
principal components: local biogeochemical characteristics (48. 6% of variance) , impact of the MSWIP (16. 6% of variance) as well
as topographical characteristics (13.2% of variance ). Subsequently the 3 maps of factor scores are calculated and exhibited. This
study favors to estimate the long-term effects of HM emission from MSWIP on surrounding soil environment and facilitate the local health
risk assessment.
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Fig. 1  Sampling distribution on the contour map
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Statistical parameters of heavy metal concentrations in surface and subsurface soils and comparison with other MSWIs/mg-kg ™
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Table 1
w4 F1(n=40)

e [3,9,11,21]

& e B 3 Rl ¥iA e i [l ¥iE E pfH ] 4 120 Hampshire Montcada  Catalonia Newecastle
Hg 0.012 ~0.136 0.058 0.014 ~0.100 0.051  0.895  0.007 0. 104 0. 044 0.1~2.8 0. 09 0. 05 0.50
As 0.49~75.89 9.39 0.23~18.88 5.86 0.385 0.130 8.96 8.9 2~18 8.23 5.56 20

Cd  NDV ~1.17  0.12 ND ~0.71 0.08 0.572  0.170 0. 067 0. 026 0. 65 0.39 0.15 0. 65
Cr 21.7~115.7 51.7 28.1~116.0 51.6 0.924 0.971 27.8 42.3 30 17.57 11.3 55

Cu ND ~59.9 11.6 ND ~61. 1 9.6 0.944  0.020 10. 8 12.0 — — — 233
Ni ND ~44.0 6.0 ND ~47.0 5.2 0.959  0.041 10. 6 9.5 4 ~87 12.51 8.75 30

Pb ND~133.0 27.6 8.4~96.4 27.9 0.664  0.728 38.9 22.5 16 ~ 8300 71.03 25.7 350

Se ND ~16.4 4.7 ND ~16.4 4.5 0.664  0.728 — 0.318 — — — —
Zn  9.1~233.0 47.2 8.6~246.9 45.6 0.815  0.901 59.0 29. 00 — 108. 8 — 419
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Table 2 Comparison of present and historical ratios of the heavy metal concentrations in surface soil to that in subsurface soil

KR Hg As Cr Cu Ni Pb Se Zn
KNI 1.14 1.60 1.50 1.00 1.21 1.15 0.99 1.04 1.04
1990 4F + 475 51 1.25( ~0.87'%7) 0.88 0.81 0.98 1.05 1.02 1.07 — 0.73
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Fig.2  Hierarchical cluster analysis dendrogram for soil samples surrounding MSW incinerator and relevant classifications
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Table 3 Pearson’s correlation matrix for the metal concentrations
Hg As Cd Cr Cu Ni Pb Se Zn

Hg 0.979 0. 054 0. 045 0.013 0.233 0. 169 0. 002 0.013
As 0. 004 0. 000 0.725 0.458 0.382 0. 154 0. 142 0.352
Cd -0.307 0.553 " 0.188 0.091 0. 042 0. 632 0.523 0. 054
Cr -0.319" -0.057 0.212 0. 000 0. 000 0. 001 0. 000 0. 000
Cu -0.389" -0.121" 0.271 0.762 " 0. 000 0. 000 0. 000 0. 000
Ni -0.193 -0.142 0.323 " 0.789 ™ 0.810 " 0. 000 0. 000 0. 000
Pb -0.222 -0.230 0.078 0.523 ™ 0.594 0.625 " 0. 000 0. 000
Se -0.478 " -0.236 0. 104 0.633™ 0. 685" 0.694 ** 0.707 ** 0. 000
Zn -0.388" -0.151 0.307 0. 608 ** 0.759 ** 0.762 " 0.565 " 0.662 ™

1) RAIKZET T AR RE A L7 BFEMKF; « 3RIRTE 0. 05 BFEMAKT ARG, #+3R/R7E 0. 01 B MK LARSG

R4 TEFEESEIMSHT

Table 4 Rotated component matrix for metals in soils

(PCA loadings >0. 4 are shown in bold)

AR B Wiy
PCl1 PC2 PC3
Hg -0.215 -0.073 -0.958
As -0.196 0. 879 -0.059
cd 0. 396 0.790 0. 188
Cr 0.838 0. 094 0. 053
Cu 0. 899 0. 097 0. 185
Ni 0. 930 0.119 -0.023
Pb 0.707 -0.183 0. 240
Se 0.792 -0.103 0.295
Zn 0.795 0.114 0.223
FEAE(E 4.38 1. 49 1.19
T E TR/ % 48.6 16.6 13.2
2t TTEk R/ % 48.6 65.2 78. 4

1) R $2 W00 15 2 A3 43 B (PCA ) 5 B % T sy IE 38 % il 12
( Varimax with Kaiser Normalization ) , BBAR /R # AT >0. 4

Pcy -0.5

B3 IMESCEERSHTE

Fig.3 PCA loading 3-D plot (PCl vs. PC2 vs. PC3) for metals
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Fig.4 Maps of the factor score of the first 3 principal components
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