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Fig.1 Annually average wind direction diagram
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Fig.2 Distribution of soil sampling sites
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Mr, HFCd, HgRK, FrLALLN EZXfCr, Mn,
Cu. Pb. Feiff7 7 4r#r. ITifEAPRIEILICE,
XFSFP 4R A FE S R E E W i A,
HAPCEFE<1AYA Cr (0.66 ~ 1.48) , Mn (0.51 ~

CEF= (3)

1.57) , Fe (0.66 ~1.45) ; 1<CEF<2iJ4 Cu(0.95 ~
1.44), Pb(0.78 ~ 2.01) NILIANCr, Mn, FeFZ N
HARUE, AIRE S IZ XK A B -7 S AH G Cu,
POIMAR AT RESZ BN AHTS Y . S Y CEF<I,
R SRS A R
22 EFHAMHMELEZTELSM

HA i 1 BartlettBRIE K0 E (p <0.001), FE53
Wrai R EA G L HAa R EEAHDCHE R an sk
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*2 EEL£ETEMpearsontlXiEFE

Table 2 Pearson correlations of heavy metals

Cr Mn Cu Pb Fe
Cr 1 0.158 0.049 0.416 0.000
Mn 0.170 1 426 0.096 0.000
Cu 0.353" 0.041 1 0.066 0.337
Pb 0.036 -0.219 0.323 1 0.280
Fe 0.616" 05917 -0.093 -0.099 1

PRI AR, A7 B B KT 0.05 KT i
ERKFHTE 0.01 K F B EMX

R3 IEERSERE
Table 3 Rotated component matrix
A
1 2 3

Cr 0.826 0.168 0.251

Mn 0.612 -0.483 -0.137

Fe 0.914 -0.103 -0.257

Cu -0.039 0.080 0.976

Pb 0.024 0.927 0.060
FEIF(E 1.894 1.137 1.103

T3 2 TR/ % 37.88 22.74 22.06
R TTIRE/ % 37.88 60.62 82.68

PR B Ty ek BAT Kaiser SRl IE SR 5

R PR3 #7 28 Varimax i€ 5% J5 5 34 32 50 o0 M 45 Fb
GlEakfr, 522 B Tiikis82.68%. K4 M| kXt iz
K45 H 4@ 3DEA K], AR L IR A ] A

F1 REMRREIRESERES BB ESIT I

Table 1 Descriptive statistics analysis of heavy metals in surface and subsurface soil

#+ (n=37) /mgkg’ K-S Ka 46 WFEL (n=37) /mgkg" Pearson
HEETR - - ¥l - - ¥IfE

N [CINI] Asymp.Sig( 2-tailed) fe/IME fCN! P33
Cr 124 244 174.05 0.722 125 251 182.4 0.281
Mn 417 1186 707.76 0.983 489 1508 780.4 0.422"
Cu 33 131 47.68 0.771 18 100 3991 0.700"
Pb 29.01 70.99 41.95 0.029 24 63 40.21 0.996"
Fe 29320 51065 39057.89 0.774 31009 53944 40463.51 0.528"
Cd ND ND ND ND
Hg ND ND ND ND

*1E 0.05 7K OB ) [ S EAHDE; **7E 0.01 K- (XU EREFE, ND JyRA
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Fig.3 Component plot in rotated space
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Fig4 Spatial variability of contamination of heavy metals
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Pbit & BARPEAE A A8 15 YL IR AR,
ERRIFE X (E2448,2009)

TEWFFE BRI, g5 A KEERE, HE S Xm
TRUE (W,SW,NW ) [X 355, 7 30 H i 25 4 e i el B
BRI E SR SR RN B A, APbEE
5B IE R 2 A2 p<0.05), fEy 5 ] Eik H
TRy HOGHRIR . BRI, 55 R
AIRERAE T R A be ) HERCI Y . UUREAT A%t
NSRRI, % X, T HERR
JERISZ . TPbREAI XL B AL 2 B il B R Ik
FEJEH K EFRTRY SR, WS R, K
FYIM., Pb, Cd. HgZ AR ESE,
WA R A HE ) EE AR Y, gk
B 58 e e A CHE AR v HR X B 4 A 4R AR R R
HIRFPb, Cd. Hg—=Ii, %) W& B 5E ke
BEAHHEPbIE R0.51 t-a, It K FCd( 3.7x107
t-a') FfiHg (6.7x10™ t-a'), H1FCd., HgHEHRR
i, SEPREHERFEHTARKH, HIPbHEIESVEN
B AEBER AT R . T ESEE TR
BEH T AR, DiRES] 35 BB R, PbiY
VL 1 8 R I N o B P b B b R € O
J& B, NEZM.

o5 = A BTk E22.06% , 5 Culg ARG B ik
0.976. ME4(d)r] LIF H Cufe Pa -5 4 ma 45 2R
— A RLEAR B FE X, XA X JE R
FRAEIX, H B T /K R ol S e it FH 174 A 25 1 1l o
K—26, FEFPRLIS R ] BEMG T & Cud R A 24
(4nCuS0,) , ffi +3E P Ay Cu sy & i (LTUZE, 2006;
FHZE, 2008), PO, TAcil 2w, Hyggelx
W S AR, X AT AR T AL 538 py 4t
FI5YY, fATA, 5 = R DR ET R 3,
WAFTETR P ACE TG YL AT
23 TEELEMERITE

+ 3 4 R A0 A A BE W AR Y A2 75
YRR, DTSR TR Bk A i B e E0 T
W X N IR A R LS Ao T8 8. T 5 e (E
A 24 3 TG A TP G XUE] 43 S EC T 240 A A
PIE; HERT SR A O A kb e, 155

EHED K

FEEHIIbRER . P<URAETEY, 1< P<2ARE
5%, 2<P<3NHEIEY, Pi=3NEETEYE, Ps
<0704, 0.7<Pa<1 HERLL, 1<P:<2HWRJEF
155, 2<Ps<3NHPEIGYL, Pa=3NEHETGYL,
MEEFR T,

MRAM TR 7T LA i SCERRAE 1)
WRELZEETEMEE R (P=1.83) W& TS
SAH(P=1.49), (EAEMEHW—FE s, HIEm
SERAEA LU A i SRR 1) BATE
PAREO TIR2Z 8], FIIZ X545 4R A
BIRMISYLRML; 2) Cu. PbIRSYL L & T-Cr.
Mn, Fe, JUHZPb, HigYefefEif g & T HALE
&I, MRS Y BT R . POPE AR R
M EZARAMEICER,, BOZI5 Y45 R n] 1 48 e
AT YR X kA 18 T 4 R 5 Y i ) B R UR
Z—
M5 RSP REE A LR T LUE Y, SR
Crif )2 & B IR bR, (H S
TR B 525 SOk B i 3 X — bR
HHSRZ LSS EEARE, HILAT LA R Cr
FEAs EEEIR T BRI E S5 5. S
J&Cult ARZR)ZE & i E A ) IR, 2
AN S T R, RAELZE TR RN
M, A JRPOEARZE L E I ETE LT -
FOAEEARE, (HREE S TR, RPHZR T
TEA PN AL
3 it

1) mbr A he] Jih IXR = - i E 48
Cr. Mn. Cu., Pb, Fe'V-¥liar &3l 174.05.
707.76 . 47.68. 41.95. 39057.89 mg-kg', £EH
L7268, Cr. Mn. FeleA AN R +IEFRES 1 1 i5
e, Cu. PoXIFASRERE B T FE05 4L .

2) WForHr A ECr. Mn, Cu, Pb., Fe/)
W =2&: OCr, Fe. Mn; @Cu; @Pb, Cr,
Mn, FeFZORIEFHBRILFAIEA, Cu. PbZE|T
NN . Cunl i 3= 2R 5 fel 4 24 it 1 7= A I
S JEIE Y, PR n] GEVR T be B S B HtI %
JHAE - Erh g B, HYREE A SRR . KU

x4 SHEH
Table 4 Pollution index

SRR i

TS5 E A

IR S/ T HERRSERE (Z40) /

L (mg-kg™") (mg-kg™") PR (mg-kg™") PR (mg-kg")(pH<6.5)

Cr 174.05 168 1.04 182.61%1 0.95 150

Mn 707.76 611 1.16 609" 1.16

Cu 47.68 33 1.44 30.6314 1.56 50

Pb 41.95 25 1.68 194112 2.16 250

Fe 39057.89 38369 1.02 29400 133

Py - 1.49

1.83
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Spatial distribution and pollution evaluation of heavy metal in soils surrounding
a typical municipal solid waste incineration plant

ZHONG Shan, GAO Hui, ZHANG Lishan, SU Hongfeng, ZHANG Cheng

1. College of Environment and Resources, Guangxi Normal University, Guilin, 541004, China

Abstract: Incineration of municipal solid waste (MSW) for energy recovery is a desired option in modern societies as increase in
quintiles of MSW. However, the gaseous and particulate heavy metals emitted from MSW incinerators may accumulate in the soil
entering via dry and wet deposition, which can cause great concern for the population living nearby. In this study, soil samples
around the typical municipal solid waste incineration (MSWI) plant in Hangzhou-Jiaxing-Huzhou Plain were collected. The
concentrations of heavy metal were determined with X-ray fluorescence spectrometry (XRF), atomic absorption spectrometry (AAS)
and mercury analyzer. Mean concentrations of Cr, Mn, Cu, Pb and Fe were 174.05, 707.76, 47.68. 41.95 and 39 057.89 mg'kg"1 in
this region, respectively. Compared with background values by Cultural Enrichment Factor (CEF), Pb and Cu concentrations were
higher than their corresponding background values, respectively. Factor analysis of geo-statistics was also performed. The results
showed that the heavy metal distribution patterns were dominantly affected by three principal components: local geochemical
characteristics (Cr, Mn and Fe, 37.88% of variance), impact of the pesticide application (Cu, 22.06% of variance) as well as MSWI
plant (Pb, 22.74% of variance). The results also showed that the investigated region has low degree of heavy metal pollution. The
major heavy metal pollution contribution is Pb (Pollution index=2.16). MSWI plant has a noticeable impact on heavy metal
accumulation in surround areas.

Key words: solid waste incineration plant; soil; heavy metal; spatial distribution; pollution evaluation



