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Pol'lutlon Characterlstlcs and Evgluatlon,,of Heavy Metal Pollution in Surface Soil

Around a Mun1c1pal Solid Waste Hicineration Power Plant

LU Zhan-lu' , ZHANG Jin-liang'* , LU Shao-you”, ZOU Tian-sen' , LIU Kai', ZHANG Han', GU Ya-ya'
(1. Chinese Research Academy of Environmental Sciences, Beijing 100012, China; 2. Shenzhen Center for Disease Control and
Prevention, Shenzhen 518055, China)

Abstract; To investigate and evaluate the pollution levels of heavy metals in the soil around a large Municipal Solid Waste Incineration
power plant (MSWIPP) , a total of 29 soil samples were collected around the MSWIPP and away from the power plant area. The
contents of 10 selected heavy metals (Cr, Mn, Ni, Cu, Zn, As, Ag, Cd, Hg, and Pb) were analyzed. The results showed that the
content of each heavy metal element did not exceed the values for Soil Environmental Quality of Risk Control Standard for Soil
Contamination of Agricultural Land (GB15618-2018) and Development Land ( GB 36600-2018). The mean contents of Mn, Cu, and
As were higher than their respective background values of Anhui Province, where As was 1. 03 times the background value, and Cu was
1. 07 times. Compared with the control points, the contents of Cr, Ni, Cd, Cu, and As were lower than the control points, and the
difference was statistically significant (P<0.05). The spatial distribution of Hg was more obvious in the soil around the power plant,
and other heavy metals were not obvious and uniform. The content of Hg was the highest in the 500 m soil of perennial dominant
downwind and sub-dominant downwind. With increasing distance from the power plant, the content gradually decreased and it was
lower than the level of the control point. The pollution degree of heavy metal elements in the soil around the power plant and in the
plant area was mild. The Nemero comprehensive pollution index (PT) was 1. 1-1. 2, and the control point had also mild pollution (PI
was 1. 5). The potential ecological risk was slight, and the comprehensive potential ecological risk index (RI) of various heavy metal
elements was 60. 2-67. 7. The contribution rate of Hg and As to RI were large, and the control point had medium ecological risk (RI
was 116. 8). Based on the results of principal component analysis, accompanied with the content, spatial distribution characteristics ,
Pearson’s correlation, and hierarchical cluster analysis results, three groups of heavy metals with different spatial distribution were
identified; (DNi, Cr, As, and Mn originated from lithological sources; @Cu, Zn, Ag, Cd, and Pb affected by both lithological and
human sources (e. g. agricultural and traffic sources) ; 3Hg likely originated from the diffusion sedimentation of MSWI flue gas and its
accumulation in the soil. The above results indicated that the unique pollution characteristics of Hg deserve serious attention in
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e, A RS Y A R AL FRRERR Heg 1]
RBAZ 20 T HLT 5.
2.3 PHFIE YR BOR A P L5 A E Y AR SO TN

TGRSR R B JE AT X 4
JETCEGYRRE N R TE Y (£ 3). NP F, T
BT RIARE 5 6 Fn ) XN 4 4% 4B T R
P, 0.0 ~1.5, J& RGBS Yeal oI5 4 X IR S
P, }0.4 ~1.8, WE TR ASTCIS . WPLE,
TP ESFEICEMPI N 1.1 ~1.2, ¥ETRE
1Y, XTSI PLOY 1S, B TR Y. I5 it
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P Flg 2 Spatial distribution of hedVy 'mbt%}el‘éments in soils at dlfferent d{stdryaes dround tho-"MSWIPP il
! i 4 W P . .
< 2 wmu i&ﬁt%)‘lﬂ‘f_ﬂrtwj:iﬁqﬂiﬁﬁn%ﬁg 'aﬁﬂu AREBITGEL /g kg iy |
{i Table 2 Concentration of Hcavy metalé in soils and vompan%on w1 other MSW‘IJ’ mg- kg i '.‘u 4 ]
~Ti [ 4 RH - Cr | .I' Mn J v 'Ni Cu Zn" As Ag Cd Hg ‘“ﬂrf—’b
i I,-" HE - 9.6 6086 2. 5./ 218 463 9.34  0.088% 0028 0025 205
T e 415 5347 23273 136 L1s 0.021 0.087  0.009 2,94
i?&iiﬂ& LTy 59.5 6131 284 21.7 45.1 9.27  0.08  0.000  0.024  20.3
k*“F e 60. 1 591. 4 28.5 21.1 4.6 9.30 0.086  0.000  0.023 19.4
(”—22) /MA 51.2 451.8 23.9 18.9 36.3 7.53 0.059  0.000 0.014 17.5
B R A 66.3 1042 33.8 31.0 98.0 11.9 0.155  0.386  0.052  28.7
iy v i 106. 4 506. 0 32.9 201.0 1450 8. 80 0. 642 5.08 0.029 129.9
¥d 68.6 624.6 34.0 25.7 53.2 11.9 0.089  0.184  0.021 20.5
Frifisz 9.53 152.2 4.51 4.67 8.46 2.04 0.018  0.061 0. 006 4.27
PR U 68.1 610.7 33.8 25.4 52.7 11.7 0.087  0.177  0.020  20.1
(n=7) 68.9 549.5 33.9 25.9 52.1 11.1 0.085  0.154  0.020 18.7
e/ ME 55.5 507.7 28.4 20.3 44.6 9.82 0.067  0.133  0.013 16.9
VNI 85.9 901.0 42.7 34.1 71.3 15.9 0.120  0.303  0.030  28.8
TR IR Sl 66.5 530.0 29.8 20. 4 62.0 9.00 0.1960 0.0970 0.0330 26.6
GB 15618-2018 120.0 — 100.0  100.0  250.0 30.0 — 0.3 2.4 120.0
GB 36600-2018 — — 900 18 000 — 60. 0 — 65.0 38.0  800.0
PSHEF Montcadal® 17.7 — 17.4 — 97.8 9.71 — 0. 400 0.110 54.2
PGHEF Tarragonal '8! 11.3 — 8.74 — — 5.56 — 0. 150 0. 050 25.7
Jp 27 285. 1 — 10. 1 13.5 — — — 62. 1 — 15.0
TR AR 1) — — — — — — — 0.126 — —
1\/4%{%1 i MSw1 2] 76.7 — 28.4 36.0 120.0 — — 0.291 0.081 46. 1
FEi TRYI T gk L) 51.7 — 6. 00 11.6 6. 00 9.39 — 0.120  0.058  27.6
75K F| Pisal'?! 84.7 — 73.4 68.7 127.0 5.89 — 0. 460 0.170 68.7
L] 174. 1 — — 47.7 — — — — — 42.0
i pel3o] 218.0 — — 31.8 71.0 — ND ND 35.7
BRI = A 1) 31.5 — 7.13 17.6 82. 4 11.5 — 0.183  0.081 34.8
JH B 18.3 — 5. 60 2.21 — — — 9.96 — 5.91
Jrgeis2l 52.0 — 24.0 28.0 100. 0 7.70 — — 0. 088 19.0
) 76. 4 — 31.8 30.5 120.2 31.2 — 0.380  0.140  26.7
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Table 3 Classification results of single factor and Nemerow comprehensive index method in soil from different directions around the MSWIPP
H A -
J7IX FEF M K WS KT KUm F MR KA 45°9 47 EFM A Xof I8
Cr 1.0 0.9 0.8 1.0 1.0 1.1
Mn 1.3 1.3 1.3 1.5 1.4 1.4
Ni 1.0 1.0 0.9 1.0 1.1 1.2
Cu 1.1 1.1 1.0 1.2 1.1 1.3
Zn 0.8 0.7 0.7 0.8 0.7 0.9
As 1.1 1.1 1.1 1.1 1.2 1.4
Ag 0.5 0.4 0.4 0.5 0.4 0.4
Cd 0.0 0.0 0.0 0.0 0.0 1.8
Hg 0.8 1.0 0.9 0.9 0.8 0.7
Pb 0.8 0.7 0.8 0.8 0.8 0.8
Pl 1.1 1.1 1.1 1.2 1.1 1.5
154K P R R R REZ REZ REZ
D) P, FoR AT, PLATR AR SR B 105, W Zr Ut W3 1
2.4 RS KUEITG fe¥, Hr Cd 19 E, 953, 1, iKBIh a8 e d.

TGRSR W) TR AT X - A
JRITCRE NSRBI A R (R 4). WNEE, L
WP ESEITEN E N0 ~37.6, iRFIRMIES
fE% , WA E, 9.0.9 ~53. 1, Jfisok a2

IDNNIDN gany

Fd4 EFEMREES FEJ_JEI EU_ E_l*] iiﬁﬂPEﬁEm?EﬁLgEi*mﬂb?ﬁé‘i
Table 4 Potentlal rlslf'Jndgzgabf heavy metals in soils arpund the MSWi fP -‘_‘.-:."‘

m%‘i%$iAEm?MM¢%ozsyraﬂ
KBRS TG IgﬁA@ﬁM%iﬁK&k
T£@ﬂﬂﬁmﬁ$HMMfﬁﬁjﬂ%
ﬂ%£ﬁ¢£¢uﬁﬁduﬁn6w ' d py.

> ir. £l u =

i & TR ERATAR U\ITE'FJ—LFJ"LYEJ‘ TR RS ;@fﬁ E LA 8

Cr .o & 1.9 , 1 1. § 2.0 2.2,
“Mn 13 1.3 ¥ I L3y L5 1.4 1.4
L 5.2 50 46y Fa) 5.1 543 6.0

ch L@ 5.3 o = f_)-.:-“" 6.0 5.6 6.6

! 03l 0.7 0. 7% 0.8 0.7 0.9

As g 1009 1.3 11.0 10.7 1.7 14.0

cd 0.0 0.0 0.0 0.0 0.0 53.1

Hg 33.2 39.8 37.2 35.8 30. 4 28.9

Ph 4.0 3.6 3.8 4.0 4.1 3.9

RI 63. 1 68.9 65.4 65.9 61.2 116.8

i 2 i i i LR LR g

1) EL IR KUST AN 185, R

2.5 HEEJRITERIEHT
2.5.1 MM

DT ZWH T RiEhESEITER
B IRPER . ARWFFE ) Pearson’s #H &4 73 #7145 -
WS, 10 MELJEITCRZMAFAAE 6 4B EM
MHXXKZR, Hd Ni 55 Cr, Ni #1 Mn, Zn 5 Cu,
Cd 5 Zn Ml Ag S50 2 2 [0 ¥ 47 Mt 38 15 A0 G 1
(P<0.01), Mn, Zn, Cu % 8 FhE 4 Bt Xl
R o A rp R XAk, A2 B R A,
M52 A8 30 55 52w AR 6 38 /. Hg 5 Ni Fl As 5§
TR Z A 5 A OE, X 5 R A X BRI
YN T R I BE R i A 4 0 B Y A5 R
£, Hg 5 As, Cr, Cu fil Zn 0% 2 8] & I & 7
A, Ui He kIR 5 H b 5 4 8 o0 2 A 7 22

LERBIETE AT IR AL, P DU 15 Ag TRMESAL, AT T A 25 U 5 2L

S, PORAETES IR LT HE W He AT REAT i T
Jih T 4 JE ou R Z B, R N
BLHNA 75 i — 2 AR

2.5.2 FAE4Hr

KA R 28V 43 AT As s b i, IR s o

KAV HRRCHE, %10 FESJE TR T RL
M, GESR LI 3. BeE 10 ML Rl EE B kR, 7R
TEBRAE e R M) A LT IX N R Cr, Ni
Ml As, Cu, Zn, Ag Fil Cd, Mn 1 Pb B }y—2%, Hg
H—28; XFREAS 3 Cr, Ni 1 As, Ag, Pb,
Cd, Mn, Cu, Zn # Hg =y, ﬁﬁgﬁﬁ%[m i
Abanades %L%W%ﬁﬁiﬁiﬁiﬁﬁ%%ﬂ$%qj, R 4
HAJBICRTE CIRKIRTE A 5340 FI e SRR FE AN R4 43
Hh4 s, LG,
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Table 5 Pearson’s correlations matrix for the heavy metal concentrations around the MSWIPP
Cr Mn Ni Cu Zn As Ag Cd Hg Pb
Cr 1. 00
Mn 0.22 1.00
Ni 0.81 0. 54 1.00
Cu 0.36 0. 10 0.28 1.00
Zn 0.26 -0.08 0.12 0.84™ 1.00
As 0.45* 0.46* 0.78 ™ 0. 10 -0.02 1.00
Ag 0.01 -0.28 -0.20 0.17 0.45* -0.43" 1.00
Cd -0.02 -0.24 -0.23 0.26 0.60™  -0.34 0.73 ™ 1.00
Hg -0.30 -0.06 -0.53™  -0.17 -0.01 -0.50"  -0.05 0.12 1.00
Pb 0.12 0. 44 0.15 0.30 0.34 0.12 0.31 0.41°* 0. 14 1.00
1) # 5 FIRTE 0. 01 AKF- (UM EWEAISE, = FRTE 0. 05 ZKF (B EREAHSE
0 5 10 15 20 25 0 5 10 15 20 25
Cu 4 . T . Cr 1 : . : : ,
Zn s J Ni 3 J
Ag 7 As 6
cd 8 J Ag 7
Crol Pb 10 J -
As 6 Mn 2
Mn 2 Cu 4
Pb 10 g s
He o (a) A5G B AR S ) He 9 (b) X A
' g Yy 1 gl B3 EE R AR MRS T RES BT R WRA
i #Fig. 3 R-type cluslft analyes dendrogidin in soil around the MSWIPP and control point
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Table 6  Partitioning and distribution of heavy metals in the refuse incineration process
- H&)R Ea)R EEBITRWITE
o~ TR RS TR B Rt K =,
I Co, Cr, Cu, Mn FlI Ni MEFE R 90% LA I A% 10% JIT i LU BT e
I As, Pb, Zn, Sb Ml Sn  FHERGEL  450% ~60%  Z40% ~50% ,FFAE KR kLY —
| Cd DR 5y S 25 10% 2y 85% 2 5%
I\ Hg Gy ¥R R MEBE S 21 5% 2y 25% 2170%

AT RE Mg hEERITR S &
(L 2)BR G CHR[34,35 ] hE &R 2K n 4 R A
A—F. THAMIOZEF Cr. Ni, Cu, Zn, Mn. As 1 Pb
FHEpMILR FERERMES MR WK E, &
HHA A BT 2005 B O HE R A X b, % i 41+
SRR/ s v 4 R G R A i A DU A
SCRFIX— WA By ¥ R Cd AR vh iy & & AR
KPR SR 6 P —%, CdfER) ik
TaErh R AR CON RIS Y AR
TS T s TR R, RO R 2y 145
¥, U] Cd AT RER A2 ) A b G IR 3 . HL
PR I A AN TG sl R s IV 261y He BEAR
SYBAKRA, HXTR )R g He 1 & 2

g b Ea L —2, 5HAb SR AR,
IR RIS T LT & st R He S5HiK
BBt R DA G,
2.5.3  FWHaHr

22 KMO #6556 F1 Bartlett BR EE A5 56 (P <0.001) ,
TR TR B GRS FEERT 1
JEOON) iy B BRUAY 3 AN 32 o T 25 Bt sk Rk
T4.72% (£ 7), RWZE R —EFRE Fig 2
SIEHb S Bt A T R R R R L) TR R XN - 4
5 R T RO IRAE L.

FRLA 1 (PCL) BY 5 22 5Tk R A 32.63% , Ni,
Cr, As Fll Mn #BE AT B KB IE 2 7. Mn 3l 5 1E R
TR RBEARRICER, 2R T m i, &
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Table 7 Rotated component matrix for metals in soils

of the surrounding and factory area of MSWIPP

_ FE RS
BRI PCl PC2 PC3
Cr 0.726 0.268 20.205
Mn 0.613 ~0.071 0. 664
Ni 0.958 0. 064 ~0.074
Cu 0.344 0.707 ~0.113
Zn 0. 109 0.888 ~0.121
As 0. 861 0. 165 0. 007
Ag ~0.343 0.721 ~0.142
cd ~0.335 0. 808 0.019
He ~0.554 ~0.008 0. 561
Ph 0. 184 0. 560 10:690
FRIE(E 3.263 2.881 - 1.328
5 2 TR % 32.63 28. 81 13.279
Zitsuiks % S [32.63 61/44] | 74715
r

DB RO B (Pon) s e B i

( varitnax with kaisqrﬁohgé.ﬁzation) ; MR RN SO, 47 '

2 (PC2) 7 2 TR 8 8192 Cu

Zn A /G A Ph FAEOK IE B 450 Lok did
PEGSTT S E M AT S ST 0, A TR O e

J A Zn | Ag Al Cd 45 3 T G2 JE TR T
B AR T A M X RS SRR B R o e, ROR
AIREEEON HARORIE. T Lv 457 A Cai 257 (A
SR Cu, Cd F Zn B ElR] — BT, 7EIX
WREE A Z BN TGS 5. BRI s be )
WRBIR S HEGE W Ah , Al iG 3 OGTE SIS | AL
BRI TR A 38 175 3l A5 2 1) JE] 0 BR B HE A Ph
Cd, Cu, Ag Ml Zn"*~*) ZEG AR 58 K IR NAFLESS
HET R LGS Z R A s QYRS O, Tl
W PC2 AT REAZ 2] F AR Ry i Y [R] 5.
FRLA 3(PC3) 7 22 TTHR#E K 13.28% , Mn
Hg 1 Pb B KIE# 7. PC3 AR AT BEFRAL T B
B HEC Y1, DUREAT Ry Xt S 3+ A BE 1 5
M. % X IR P38, T HERR HOR 2w, A2
B A3 AT RRAE 45 S 0T LU 7R, He A9 25 5t Bl AR 007 B
AL R B IR G. i3 B8 e aod i P i 4 T
RITBAHIERE , He BZATRB 2 UKAURSH, X
— RGN R SR ITEA S BB
BT S 83 43 BT AR AE S A AR DL PR AT 0 B A B 5%
X JZ TP Y He v B85 Br B8 be ) 0 HE ik A7

FEREUNILPS
3 &ig

(1) A TGRS e Je v T Jd s A XN -3 v
A5 H B TR A KPS R A (PR
=) (GB 15618-2018) F1( GB 36600-2018 ) H + 175
Y KU I (B2 oR 5 A M, Cu Il As AP35 & i
TR L BE, S IEX L, Cr,
Ni, Cd, Cu Fl As & EART XA, ZRAGIFE
B (P<0.05).
(2) AR R R e R i T i 3 Hg 7=
(] 73 A7 55 2 4 3= KU B DI AROC. TR A £ KR
PR AR S KR AU 500 m 3 R, 2Bl
E- Vi ELE NN N TRESY T N oy S RO Y
KT _ W
(3) AR R A b s ) Rl A by e p
2T 42 T 3% 0 YR B 0 R U e AE AR 5 R
. Heg As KHEE G 2E2E 250 8 (R1)
R TTRR R AR S k. S
(4) FEF LR B ARIOLE R, 5% Il 15 B
S A A7 IR XN E I 4% B 4 J U M
E RS AR AE L AR S AT R R 4 7
S 4 10 R SR T 4k 3 25 DN, Cr, A¢ R
Mn; @CuZn,Ag, Cd fil Pb; @Hg. HH Ni, Cr,
As Fl Mn KI5 252 TIEREFUEN ; Cu, Zn, Ag, Cd
A1 Ph SR 32252 T 3ERE iR 22 Fh 2615 3 3 [F] 5
Ml Hg WIAR AT REVR T A= 16 b7 AR B A S 4 BT
N HAE e gy B, FER RSB R i i 1 R
LB ICE TG YL T He 15 G4 37 31 8 .
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