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Spatial distribution and source analysis of heavy metal contamination
in soil surrounding a municipal solid waste incineration plant in Chongqing
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(1. College of Environment and Resources, Guangxi Normal University, Guilin, 541004, China; 2. Key Laboratory of Ecological

and Environmental Protection of Rare and Endangered Plants and Animals of Ministry of Education, Guilin, 541004, China)

Abstract; This study characterized the spatial variability and pollution changes of heavy metal in
soils around a municipal waste incinerator in Chongqing using geostatistical approach. 110 soil
samples were collected from the top and deep layer of the soil near the plant to investigate heavy
metal contamination. The results showed that the concentrations of Cr, Mn, Cu, Pb, Zn were
216.74, 639.33, 33.67, 47.96, 69.79 and 38134.93 mg - kg™', respectively. The average
concentrations of heavy metal in soil samples exceeded the natural background levels in Chongging
by approximately 20% , except for Fe and Mn. The source apportionment analysis demonstrates that
Fe and Mn are manly affected by geological variations. Additionally, the content and distribution of
Cr, Cu, Pb and Zn are influenced by anthropogenic activities, which are mainly industrialization
and transportation practices. The results indicate that particulate emission from municipal waste
incineration has no impact on heavy metal pollution in soil yet.

Keywords : waste incineration plant, heavy metals, geostatistics.
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Fig.1 Distribution of soil sampling sites
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FEREZ AT YU PR SR R 3 AR RS T A B S R0 T A v 14 ] 320 90 B 40 50 A ol ARl DT 3 0] 5 46 5
VRSB A B R Ml B S R B R 1 24 1.7 ke, $i b 150 B BFSE Y0 B g HE i 1 R AL 4% FE A1 2.5 km,
ZRZEPZEI K, FEONZEH 2.5 km, A KNI 500 mx500 m, /T IX BT 52 4%, 3040 SEBRRAE S A
JITRE  SEBRoRAE s AN E 1 TR RS ELAE AT AL T 22 0T (5—12 45) , FFFE A AN SRR A A L
| R EE 7 HFERE (0—20 em) FIRZEZE 13 (20—40 em) JRE G HREZA 1 ke FERAGHES110 4,
SRARRFIE] R 2012 4F 5 H.

1.2.2 HERAEES 5 Hr

FERCRAE T, SIBR L I RDBR B3 M58 S5 S, T B i XU R T i s AR 2 E
A IR EBURE 300 ¢ 224 BT RS, ARG , 12 2 mm JR IO, 77 V00 A HAE ARG ¥
b 5 B A AT BGE B IR T EE I 0.75 mm JE IR, BEAR MG A B AE.

IR S S R Cr Mn Fe DU RAE ARAEAL TR I Ti 4 F XREF 2006500 2 , (4% 0y 55
Innov A &) AS-4000 % | TAEIREVL RN -10—50 °C K HBR A 1—20 mg- kg™ 4R Sl 51 A] S
2 min, AR 3 YK, NN 7 REE 15% DAY B0 2 R RS i 1Y) & B BAIR ) Cu (Cd  Pb, &R -3
FIKIFBCS HE ST, B LA MARS (08 A 5 3t 8 v 400 25 )5 8 A D WG Tl 2 |, BT
FHAES g 55 MR /366 BE 1 AA-6300C (P/N 206-52430) 35 L Ky 0—10 g L7 AN ARE 5
FE 3K KA S RBON£7.35% BRSBTS BT PASW (v18.0 Tl i) #4047, 25 ) 43
A WFFEAIH ArcGIS10.0 158 3R He 4.

1.2.3 BHEHETFIH

AR SCR AR 2 A 3R A (40 22 5 TR )2 A i 00 52 (L A EO SR H s B DU P 4 R %2
AT ATE YRR B & 5 R FInLMEIE , R A CEF( Cultural enrichment factor) .CEF {H &% 1E
RIZ 2R E RIS, — AN CEF>1 R ZEW T2 8 AN, CEF<1 KR EEY
JRBA 32 B RS AR SCIERE Ti P T R, W3R 1R AR .
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o geit ot 4 R W3R 1.
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Table 1 Descriptive Statistics of heavy metal content(mg-kg™")

CEF=

R %t@:ﬁ) ¥y (i rk%%ig£=ss> Py A ?%#@ ;&E«D"J jcﬁk-
e 7 e T 2H % S 5 i L1012
Cr 43.5—358.0 217.99 37.0—810.0 219.99 26.85 216.74 111.78 64.45
Mn 86.0—1193.5 639.33 99.5—1342.5 638.31 25.16 639.33 640.5 —
Fe 11050.0—61898.0  39960.3 11891.0—72444.5 41874.41 19.88 38134.93 37471.56 —
Cu 23.0—45.0 31.76 12.5—53.0 29.94 25.32 33.67 18.38 22.87
Zn 18.0—229.5 70.98 21.0—107.0 66.11 28.39 69.79 57.69 78.22
Pb 21.0—75.0 35.65 21.0—107.0 61.31 31.46 47.96 36 22.2
Cd NA — NA — — — — —
Hg NA — NA — — — — —
Ti 2211.0—7630.0 4686.8 3213.0—7558.0 5357.7 — — 6907.2
T NA AR

IR DR TOFR X EURZ KR Z IR AR 0 A & R LIRS SIS Cr,
Mn Fe Cu.Zn .Pb (&858 216.74 639.33 38134.93 .33.67 .69.79 47.96 mg-kg . 3% 1 5 HIH
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9 FPICER T, Fe & it Mt 1 50H , Mn & S AR T8 S8, (B AH 20N Ti B & S8 T8 S8, X T RE &
FoRAE AT SRR KR R, — e G i Wi 24 A rE 9 58 IR, ATk R
{22 3 + BT lie Ae A R TR RS A TR R I, 38 T 4 a8 B DRRE SR - 380 R B R TRl T A
JIF 25 5. P IIRER 2 1 4w (A v B W] B 5 TR 2, X5 KA DTRE I iy + 1 4 s i Y e B o0 A1 #1
HEARSF A TR RS R A A Cr AP 588 216.74 mg-keg™" , W i T Mg A5 1 BR
i+ E 48 Cr B F & B 53.7903+14.1037 mg-kg™'.Pb BISFH) &8y 47.96 mg-kg ™', m T E£H
U SRS 4 P T 8 AN IX H 4 Ph (93 37.30 mg-kg . Cu FIIVREE K 33.67 mg-ke !, T
VAR AR B R IR X - Cu IOMREE 19.63 mg-kg™'. Bl T4 & & B T H AL A BT
LA, AT BESRAZORAE Xk P 22 3 | TR AR =S N R £

S BB BT SARREA T R S AR B R, LT S R R EEAER T It EZ A
s R BIAR R N TR 2 DAY S i o 3 AR S RBOCR W R B AT R 9 43 A W]
REZ RN L NI A% K I 6 Fh 5 4@ 147 19728 SR B 1l K BN ITUT 24 - Ph>Zn > Cr> Cu>
Mn>Fe. i #3745 5 REHIE 43 HT AT AL, P Zn  Cr AT REAZ 24 K B B I A SE T Fe 19748 57 R BUBAIR,
FELRIN I 558 .Cd He & 2%, A K.
2.2 HEE A RSG5 H KRR BT
2.2.1 Pearson fHERE T

JH Pearson AHICREL M4 Fh TR Z [H] 9 AH JCPE, 45 2L WL3% 2. L AH C R B i I P T 3 2
Fe I Mn LK Pb il Zn , HAHE REGA R T 0.651 F10.702 , 32 W HAR v] GE HAG LAY K PR a2 T2 532 5|
ARBLPR 22 5 M. 65 45 T S8 S R B0 AT, Fe T Min J2 728 53 R BURARAY G |, IR ILAR ] REAR A B 4K
SR 5, 1M Ph A Zn 28 5 R B0, HAFAEAR 35400 R WL AT 6B 32 21 T AR A A 5 YL 5 52 0.

R2 DEEESRITR MBI

Table 2 Correlation matrix for the concentration of heavy metals

Cr Mn Fe Cu Zn Pb
Cr 1.000 — — — — —
Mn 0.341" 1.000 — — — —
Fe 0.463 %" 0.651 " 1.000 — — —
Cu 0.198 0.129 0.305 1.000 — —
Zn 0.231 0.372** 0.502 " 0.383"" 1.000 —
Pb 0.348 " 0.469 ** 0.616"" 0.447"" 0.702 " 1.000

W # FIORTE 0.05 AT (XU WA + + FIRTE 0.01 /K- OB | A

2.2.2 FRLGT 53T B 4 e R AT

X450 S BT R 4, Herf KMO ( Kaiser-Meyer-Olkin ) K58 K 0.866 , B AR FIAFERIE
( Bartlett Test of Sphericity ) Kz 50 5 P<0.001 , Ui BHLEAREAAH AR B A AR SRR, 5 A4 R B
A Gt 2E R AR RHE ) S P HGE (FRAE(EL> 1.0) |, FEERHR 4 A F sy, UL 3.1 2 X i 4% H 4
Ji g 2R AT R L.
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Fig.2 Rotating components load scatter plot for metals
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Table 3 Rotated component matrix for metals in soils

Eo by BR N 22T I AT
1 2 3 4 1 2 3 4

Cr 0.121 0.205 0.963 0.077 -0.077 -0.207 1.065 -0.078
Mn 0.179 0.931 0.103 -0.001 -0.263 0.829 -0.241 -0.037
Fe 0.378 0.733 0.304 0.174 -0.058 0.467 0.038 0.048
Cu 0.231 0.066 0.078 0.964 -0.235 -0.011 -0.078 1.078
Zn 0.922 0.178 0.057 0.136 0.801 -0.267 -0.084 -0.246
Ph 0.778 0.347 0.181 0.263 0.506 -0.065 -0.006 -0.031
FHIEE 3.127 1.002 0.758 0.538 1.697 1.602 1.073 1.053
T E TR % 52.123 16.693 12.632 8.973 28.287 26.703 17.875 17.556
BT, % 52.123 68.816 81.448 90.421 28.287 54.99 72.865 90.421

MF 3 ATLUE L, S RN 28155 e S — A E 2R Pb Zn f R, H 7 H faf 75 0.506—0.801
Z08) 58 s BB Mo Fe 41, HH 7 faf 7F 0.467—0.829 Z [1]; 55 = F s> FEJE Cr, HH
T far 1.065 ;55 DU F hesr EEE: Cu, HF ik 1.078.

H— TSyt P Zn A%, B 3(a) 3(b) AIHI, Ph Zn M EE A 7E B R BE ) M SE J7 [) ) B —

I e R R DX, 12 X3 A 7 32 5 U] 118 AU . — g 28 A R R AT I iR 4 35 e X 22 Sy e R
A, T ASHIEFE W Jmy 38 DXl 30/ LA P Zin B3R A, 3T Jn 286 0L 4 38 e 55 % 1) 43 A R AiE. Ph 1Y
EAENF OSSR Z X IR RS CEF 20 /T 1, HiZIX 38 CEF {4 0.592. £ Bk #
EESRWE I B TRZ, X5 KT RS B + 35 48 15 Y 1 1 A AT

b (®) R ©

Mn

SR

SRS

19.5—39.0 92.8—403.0

39.0—-51.8 403.3—568.7
. 51.8—60.2 568.7—656.9
77 60.2—73.0 7 656.9—703.9

B 73.0—92.5
B 92.5—122.1
B 122.1-1673

703.9—792.0
792.0—957.5
957.5—1268.0

®

N

A

Fe

FFMEEL

11470.5-23626.2
23626.2—31858.2
31858.2—-37433.2
17137433.2-41208.6
41208.6—46783.5

Cr

BT EE 4 BT SEL
4027—108.38 22.0-25.0
108.38—160.03 25.0—26.9
160.03—202.83 126.9—-28.9
202.83—241.07 28.9-30.1
30.1-33.1
33.1-37.6
37.6—44.0

46783.5—55015.6
55015.6—67171.3
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Fig.3 Spatial variation of metal contamination
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DL LR 22 B, Ph (14 s v B AR T 68 3 ke 51 LAl PR 3R i N & A b R A B 1 R R A R) 9 JE
PR 33 Zn e AR , A5 2 A0 45 S5 Ph L. Sl IR A 17 10] 24 e B DL R A B Y M0 2k &k
AW IR0 AT & —LemiiR P AR A/ NI GRE T2 Ph  Zin 7 ¥ FE DX Sl I 2t sk 2/
TIGERE T B B i — e 15 Y i XK 2 2 3 Ph Zn &8, HEIAG AT REIR A Jm 3 1 15
() EH S HEHE. Ph  Zn A B 57— F ALY DT R 5 K, 15 5] 28.287% , 28 B HUR A X I = 2L i) 15 YL P 7

B FE R FEEIEH Fe Mn 4L, HHF AT 7E 0.467—0.829 Z[H], RIALL L 2 Foc R Z W HA
AR I AE CHEAE Fe 19 55 NEES T, A 52 ANFE R CEF 4 F 0.9—1.1 Z[8], 1/l Mn A5 90.9% ¥ 1. 1)
CEF<1,RUIXMAE SR ILPAZ AN TH.E5EE 3(c)  (d) WA LUE i, Fe Mn B9 %5 [ 7345 L
A3, TCRHAR AR AT DL R 3 — = 0 02 H AR IR, SEBR b bR Ak 2% A 38 43 A v — et
Mn Fe 150 L3R [ ARAROCE T X4 Jm 2SN R BE R /DN | 28237 Al i AR R 3 A5
BOA A AR g Iy S e MRS [ B A bR ALV E

SR TR Cr, 25 A2 M 22(EHE 3(e) , 40T S SE Jy [a] i MR BE XIS 16 ANBE A ) CEF 4
B> 1, F M2 2 E A T X B R X 8, Cr A B i & T 75 SH(E IR B % 3 — gk
HARME(pH=7.5 B R <250 mg-kg™) , MR R A X I Cr &2 544.7 mg-kg ™', O 4 bR 1.18 i,
VLA H B 22 B HE 1) Cr 7592, Cr 2 HRE 40 A X Inl B2 S B ) 285 A 195 100 10 W 4 336 61X 0l L2 il 2 Kk
B Cr #h A7 BOLsE HER ST e (18 1) BRI @ iaT , BUR B A K E a3 R 1 1
HER Tz i Yl ™ F ) DRI 368 o8 A 1 38 05 QL ARARAR B 3 X BlUmy S V5 G 3 30 T Cr TS L4
G UN TR

500 TR E B Co, H MR AR B B 8 A A T30 1 1 FIE] 3(6) 05 1 212 [HiE 5 5
BTLASI XN, Cu RIS B v % e vk JBE 43 A, W HE 5 583 75 v 2% DI AH G Bt o 61 8 i A SI2 it 1) 2 03
TeERIMAL 1 AR A 15 YL IR PR IR AT R 25 T AR IR A = S ZE R DL S T ML el i
T AE S R AR T W 5 e s AP R SRR T AR T 2B A LR T TR D R AR X ) AR
S R Cu A BRI, = Cu MM A IS Cu Fe e 4278 JR 1) £ 3%
A A 15 YL R AR R T R AR 3 () AUMIA AT — A Cu BYT5 YL X, 3% X IR F B S el | 7 F s
IR T Cu R 25 (AR IEE) A IR Co B R R, S e S EEOR A TR, X R
Bretzel #5315 Cu 2k B T4 B9 2518 —3K.

Hg As Pb SN KSR A B 4, R 4 S 3 b 2 AR 4 8 V5 Y (b di e R 1020 i A A
BN IT A FE G He  As YREGH  Ph 09 & XA Rl | X AT 8 55 7 3 U5 rh b 1 i 4 s 1) 7 A G TR
I Ph VR RZR XA be B AR & TR A 3 B, SR 1T h 1 ol 75 Yo 8% BA 1 A 40 X351 Ph YR 3 0 3
T, 5 T A8 B AR T e o ik 3 A RS2 % T 428 Ph, 7E R V5 4L IX (18 3 (a) ) LLAMK
D3k s AT LA A) , ELBARRS & T S, Y CEF HBAUUEME = T 1, H CEF ¥{H0 1.12, £
¥ A 32 B 5 A AR R A5 Y JF HL Ph A SRR B 43 A I S L5 B 9 U] R AR 3T R 2 7 T i
AL TR VR R A 285 51 - — 2 X N S 45 1, 21 X I 1A IH d i B 4 J RIS YRR A L
BATIE 20 JUFERY IR Pisa S8 5858 8 8 R A B & 19 Ph SR B, AT BBt TEE IR be) iz 47 A
[ 45, J) a0 - B v i AT Bl 7 SRR

3 458

() BT R AEBE T J8 30 K ) 2 )2 L3, Cr Mn  Fe Cu,Zn Pb W F-34 5 &5 518
216.74 .639.33 38134.93 33.67 .69.79 .47.96 mg-kg ' AL 5 REIHT R A WF5E X A L3 Pb Zn Cr,
Cu 52 | — 2 B E AN T,

(2) FHAHC REON W05 0 B s B3 be) JRl i 1380 6 FheE 4 )8 vl 43 4 25@OPb  Zn,@Fe |
Mn,@Cr, @Cu.Pb Zn FEIR T T V5 YL 88 s Fe Mn F IR T HBRAE WL FAVERT; Cr iOT5 4 F 3R
F TG ; Cu F BT 388 A 25 . i A e A A5 L I B A B 4R 5 .
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