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Pollution characteristics and source analysis of heavy metals in soils surrounding a typical solid waste disposal
plant

NI Xiao—kun'?, FENG Xue’, YU Yong’, JIANG Xiao—xu’, LI Zong—chao’, LI Yu', XIA Xin'*

(1.School of Energy and Environmental Engineering, University of Science and Technology Beijing, Beijing 100083, China; 2.China Na-
tional Environmental Monitoring Centre, Beijing 100012, China)

Abstract: In this study, we explored heavy metal pollution characteristics and sources in surface soils surrounding the typical solid waste
disposal plant. Two hazardous waste disposal plants and one municipal solid waste plant were selected in this study, and five types of heavy
metals(Cd, Hg, As, Pb, Cr) were determined in the soil surrounding them. Single factor pollution index, Nemerow comprehensive pollution
index and potential ecological risk index were used to investigate the pollution characteristics. Multivariate statistical analysis was used to
investigate the pollution sources in the study area. The results showed that Cd was the primary pollutant in the soil, with 56.25%, 50.00%,
and 58.82% of total pollutants for each of the plants. The soil pollution around the hazardous waste disposal plant was more serious than
that in the municipal solid waste plant, with Cd, As, and Cr being the obvious pollutants. The results of the multivariate statistical analysis
indicated that the sources of heavy metals in different solid waste disposal was plants were different. Cd, Hg, As, and Pb pollutants originat-

ed from hazardous waste and disposal, while Cr primarily originated from natural sources. The potential ecological risk assessment showed
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that risks Cd and Hg were high around the study area, and the contribution of Cd to risk was the highest among the five heavy metals. The
E! of Cd and Hg were 604.26, 1 473.08, 165.13 and 202.99, 441.83, 139.64, of three plants respectively. The hazardous waste disposal

plant had high levels of potential ecological risk; therefore, methods to control the effects of hazardous waste disposal plant pollution must

be developed.

Keywords : hazardous waste disposal plant; municipal solid waste plant; heavy metal; pollution characteristic; potential ecological risk
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Table 1 The profile of study area general situation
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Study area Completion time  Disposal plant type Disposal mode and proportion Annual throughput and type proportion Number of points
Al 2008 Yo 558 (66.7% ) FIL (33.3%) 2.8( 1Mk 100%) 16
A2 2011 fak Bepe 14(Tlk :50% 27 :50%) 16
Bl 2011 ARG SR Sl 37.8 17
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T2 KA TIETEXEFIEE(GB 15618—2018)

Table 2 Risk screening values for soil contamination of

agricultural land(GB 15618—2018)

JCE Element pH<55  5.5<pH<6.5  6.5<pH<7.5  pH>7.5
Cd 0.3 0.3 0.3 0.6
Hg 13 1.8 2.4 34
As 40 40 30 25
Ph 70 90 120 170
Cr 150 150 200 250
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Table 3 Classification criterion of single factor pollution index

and Nemerow comprehensive pollution index

FRHE I 5 YL
. . P; Py .
Environmental quality Pollution level

1 P<0.7 Py<0.7 I
2 0.7<P<1.0 0.7<Py<1.0 ik
3 1.0<P<2.0 1.0<Py<2.0 RS Y
4 2.0<P<3.0 2.0<Py<3.0 TG Y
5 P>3.0 Py>3.0 RS
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Table 4 Classification criterion and potential ecological risk

index of heavy metals

E: RI & TR Risk level
Ei<40 RI<150 BRI 2 KU
40<Ei<80 150<RI<300 v AR S XU
80<E<160 300<RI<600 AR AU
160<E<320 RI=600 AR5 A 25 AU
Ei=320 Gy
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Table 5 Descriptive statistics for heavy metals in soil in the study area

X i e %Ziéj{ﬁiﬂi‘(ﬁg . i#‘?ﬁﬂl i e WL E SE M
Study area  Element Content raﬁr:ge/ Mean—standardtﬁll)ewatlon/ Coef-ﬁc.lent of Skewness  Kurlosis Background Xalues/ Proportion
mg-kg mg-kg variation/% mg-kg
Al Cd 0.042~6.000 1.410+1.660 117.55 1.59 2.71 0.07 20.14
N°=16 Hg 0.018~1.550 0.436+0.470 107.15 1.29 0.77 0.086 5.08
As 3.40~58.70 19.48+15.33 78.69 1.18 1.25 9.2 2.12
Pb 18.9~56.6 34.4+10.1 29.31 0.75 0.46 23.7 1.45
Cr 16.8~1 186.0 151.7+277.1 182.73 3.93 15.63 529 2.87
A2 Cd 0.055~42.300 3.437+10.460 304.21 3.89 15.32 0.07 49.10
N=16 Hg 0.026~12.800 0.950+3.170 333.32 3.97 15.85 0.086 11.05
As 10.20~1 512.00 136.10+371.53 272.98 3.84 15.05 9.2 14.79
Pb 41.4~5 856.0 754.0+1 726.4 228.95 2.61 5.83 23.7 31.82
Cr 27.8~1837.0 185.4+440.9 237.78 3.99 15.92 529 3.51
Bl Cd 0.210~1.120 0.385+0.210 55.22 2.86 9.52 0.07 5.53
N=17 Hg 0.120~0.800 0.300+0.170 54.95 1.77 4.08 0.086 3.59
As 4.08~14.70 6.40+2.33 36.38 3.07 11.18 9.2 0.71
Pb 52.3~119.0 83.2+17.5 21.03 0.50 0.25 23.7 3.51
Cr 28.6~80.2 44.0x16.5 37.54 1.08 0.29 52.9 0.85
T o HGHTTAS W SRS AR (B s b P BL= 9 p 5L 3 a5 e S /A VT A B B i W S (L o NV O R iR S S

Notes: a.The arithmetic mean of the background value of Zhejiang Province ; b.Proportion=Measured value / The background value of Zhejiang Province ;

¢.N means the number of sampling points.
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Table 6 Eigenvalue statistics of single factor pollution index and Nemerow pollution index of heavy metals in the study area

ANV EEG TS5 G AL L

. . FEAE R Proportion of pollution levels/%
PR s P PP il Wik B Rmgl  PuEsg mAR
Study area  Element . H N TR TS SN AT
Pollution rate/%  (P<0.7) (0.7<P<1)  (1<P<2) (2<P<3) (P>3)
Clean Warning  Low pollution Moderate pollution Heavy pollution
Al Cd 2.63 0.14~10.00 56.25 4375 0 12.50 6.25 37.50
N=16 Hg 0.14 0.01~0.45 0 100 0 0 0 0
As 0.75 0.09~2.35 37.50 56.25 6.25 31.25 6.25 0
Pb 0.23 0.11~0.33 0 100 0 0 0 0
Cr 0.64 0.07~4.74 6.25 93.75 0 0 0 6.25
Py 2.15 0.22~7.32 56.25 4375 0 12.50 12.50 31.25
A2 Cd 7.05 0.18~70.50 50.00 37.50 12.50 1875 0 31.25
N=16 Hg 0.32 0.01~3.77 0 100 0 0 0 0
As 5.04 0.26~60.48 25.00 56.25 18.75 6.25 0 1875
Ph 5.75 0.39~36.39 50.00 31.25 18.75 12.50 12.50 25.00
Cr 1.00 0.14~9.19 6.25 87.50 6.25 0 0 6.25
Py 6.68 0.44~55.32 50.00 31.25 18.75 6.25 25.00 18.75
B1 Cd 1.25 0.53~3.73 58.82 17.65 23.53 52.94 0 5.88
N=17 Hg 0.20 0.06~0.44 100 0 0
As 0.17 0.10~0.37 100 0 0 0 0
Pb 1.05 0.52~1.70 58.82 17.65 23.53 58.82 0 0
Cr 0.29 0.16~0.54 0 100 0 0 0 0
Py 1.08 0.44~2.76 41.18 11.76 47.06 35.29 5.88 0

T« LTS e =T Yok B 15 Y SR DA I REA B REA R

Note : Pollution rate =Samples up to low pollution / Total samples.
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Figure 2 Spatial distribution of heavy metals in soils in the study area
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SASE TR, ey 0 b DX IR A 5, 7T B A A v A DX R ARRXRELIREEBTREMNAMER
SRR XI5 e R (£ 10) . AT B R AL Table 8 Principal component analysis for heavy metals in surface
Qb 5 37 JA 10 A SRAE R TR TE A S KUK 22 380N, e soils from the study area
e 14757 L 58.829% f i 7 b T Fp RE KUK L 3k 5 5 2= WFFEIX Study area JLE Element PCl1 PC2 PC3
Al Cd 0.975 0.025 —
R RETESESERRBEXSH N=16 Hg 0928 -0.063  —
Table 7 Pearson correlation analysis for heavy metals in topsoil As 0975  -0.125 —
e — Pb 0.691 0.375 —
B R cd Hg  As Ph Cr . B -
Study area  Element Cr 0.108  0.958
Al Cd 1.000 FHIEAEL 3252 1.079 —
N=16 Hg 0.901%  1.000 J2ETTHkR /% 65.046  21.577 —
As 0975%% 0.895%% 1.000 FIPTiikE/%  65.046  86.623  —
Ph 0585% 0477 0570%  1.000 A2 Cd 0.986 -0.165  —
Cr ~0.041 -0.099 -0200 0.121  1.000 N=16 He 0964 -0264  —
A2 cd 1.000 As 0.990 -0.141 —
C B
N=16 He 0.994%%  1.000 Pb 0.929 0.370 —
As 0.999%* 0.991**  1.000 Cr 0218 0.976 o
FHIEAE 3792 1.206 —

Pb 0.854%% (.798+% (.867** 1.000
WETIRRI/%  75.842  24.117 —

C 0.054 -0.047 0.079 0.563%* 1.000 o
' Sl ER/% 75842 99.959 —
Bl cd 1.000

BI cd 0.840  0.096  0.399
N=1T7 He 0-256 1000 N=17 He 0427 0799  -0.402
As 0.819%% 0438  1.000 A 0936 0152  0.143
Ph -0.307 -0.074 -0.417  1.000 b ~0607 0491 0577
Cr 0.524*  0.103  0.657*%* —0.491%* 1.000 Cr 0793 -0335  0.067
T 0 RIRTE 0.01 KF E RIS ;% FRTE 0.05 ACF b A RFOEE 2761 1025 0.679
Ko FETHRRI/% 55229 20497  13.585
Note: ** and * indicate significant differences at the 0.01 level and STt/ % 55200 75726 89312

0.05 level, respectively.
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Table 9 Eigenvalue statistics of potential ecological risk of heavy metals in the study area

R[] S5 A 2 AU 454 | P ion of risk levels/%
Wi e A AL AN S8 A 75 U S 9% L8] Proportion of risk levels

B (E<40) ¥ (40<E<80) HR(80<Ei<160) fR3#(160<E<320) 3t (E1>320)

Study area Element ~ Mean Variation range
Low risk Moderate risk Considerable risk High risk Significantly very high risk
Al Cd 604.26  18.00~2571.43 6.25 25.00 6.25 18.75 43.75
N=16 Hg 202.99 8.37~720.93 2500 18.75 12.50 18.75 25.00
As 21.17 3.70~63.80 87.50 12.50
Pb 7.25 3.99~11.94 100 0
Cr 5.73 0.64~44.84 93.75 6.25
A2 Cd 1473.08 23.57~18 128.57 18.75 6.25 31.25 12.50 31.25
N=16 Hg 441.83  12.09~5953.49 50.00 18.75 12.50 6.25 12.50
As 14793  11.09~1 643.48 68.75 12.50 6.25 6.25 6.25
Pb 159.08 8.73~1 235.44 62.50 18.75 6.25 0 12.50
Cr 7.01 1.05~69.45 93.75 6.25 0 0 0
Bl Cd 165.13 90.00~480.00 0 0 64.71 29.41 5.88
N=17 Hg 139.64 55.81~367.44 0 23.53 52.94 17.65 5.88
As 6.96 4.43~15.98 100 0 0 0 0
Pb 17.56 11.03~25.11 100 0 0 0 0

Cr 1.66 1.08~3.03 100 0 0 0 0
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Table 10 Eigenvalue statistics of comprehensive potential ecological risk of heavy metals in the study area
e ety (i AL T [ S50 A= 25 AU S5 4% L 151 Proportion of risk levels/%
H R 2
Study area Mean Variation range £ (RI<150) 1 (150<RI<300) 3% (300<RI<600) AR5 (RI=600)
Low risk Moderate risk Strong risk Very strong risk
Al 841.41 38.58~3222.75 25 18.75 12.50 43.75
A2 2228.93 71.04~26 964.40 31.50 18.75 18.75 25
B1 330.95 182.42~753.67 0 58.82 35.29 5.88
100 O Cr Cd As Fl Cr 2 BRI . Tl i 2 Al A2 3 iz i (4 2L [A]
oo SO, Mg ST R AESRIE P S B SRS
$ 807 O Hg Tk EICRE T A5 2R
B 70 F Ocd
: BEuw:
2 60 -
E 50 F [1] Zhang H, He P J, Shao L. M. Fate of heavy metals during municipal sol-
40 b id waste incineration in Shanghail]]. Journal of Hazardous Materials,
20 2008, 156(1/2/3) :365-373.
Al A2 Bl [2] SR, MR, sk L5, 45 RIS AR IR RIS A 1 L 4

WX Study area
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Figure 3 Contribution characteristic of heavy metals to potential

ecological risk in the study area
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