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Integrated Analysns on Sourceuexpﬂ"sure Risk of Heavy Metals in Farmland Soil Based

on PMF Model A Case Study in/ the Eéwaste Dlsmantluig Arealin|Zhejiang Provmce
FANGJia', HE Ying', HUANG Nai-tao® , ZHI Yl} you KU '{Vel -jun"

(L. Cfﬂlege q,f Environment, and Resource Sciences, | Zhejiang AGF Umversuy, Lm an 311300, China; 2. Col lege of Resourcestand Environmental Sciences, Nanjing

Agrlcuhurdl Umversny, Nanjing 210018, China) r 5, Wi l_.-"

Abstract; In order to explore the characteristics and sources of heavy metal% in farmland soil and their risks to human health and to provide an important scientific basis for
farmland pollution control, 133 surface soils (0-20 e¢m) were collected from typical agricultural production areas in Zhejiang Province, and the contents of soil Cd, Pb, Cr,
Cu, Zn, Ni, As, and Hg were determined. Various methods were applied to evaluate the degree of heavy metal pollution in farmland and its ecological risks in the study area.
The method of combining Kriging interpolation and positive definite matrix factor analysis (PMF) was applied to analyze the pollution sources and quantify the contribution of
each pollution source. Combined with the health risk assessment model, the risk to human health of each pollution source was evaluated from the perspective of source
exposure. The results showed that the average @(Cd), w(Ph), o(Cr), 0(Cu), @(Zn), @(Ni), @(As), and w(Hg) were 0.76, 65.22, 92.02, 103.92, 198.49,
36.65, 5.97, and 0.20 mg-kg ™", respectively. The average contents of Cd and Cu were higher than the risk screening values of soil contamination of agricultural land, and
85.71% and 96.24% of soil was contaminated by heavy metals. The average contents of Pb, Cr, Zn, and Ni exceeded the soil background values of the Wenhuang Plain in
Zhejiang Province, and the As and Hg contents were within the limit values. The potential soil ecological risks were mainly light-moderate , accounting for 90. 98%, and both
high and higher risk accounted for 4. 51%; Cd was the main potential ecological risk element. The main sources of heavy metal pollution in the study area were the sources of
the electronic waste dismantling process (26.82% ), the mixed sources of coal combustion and traffic emissions (34.50% ), mixed sources of natural parent materials and
agricultural inputs (25.59% ), and e-waste pickling runoff and solid waste leaching sources (13.09% ). The health risk of heavy metal exposure to children was significantly
greater than that in adults. Mixed sources of natural parent materials and agricultural inputs contributed the most to human health risks, and Cr was the element with the
greatest contribution to human health risks.

Key words: farmland ; soil heavy metal; spatial distribution; pollution source apportionment; health risk assessment
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Table 1  Descriptive statistics of soil heavy metal contents
WiH pH cd Hg As Pb Cu Ni Zn Cr
% /ME/mg kg ™! 4.34 0.05 0.04 2.32 26. 81 9.39 7.34 49.6 20. 96
R/ mg-kg ™! 8.52 7.69 0.74 11.2 286.31 1001.61 59.41  1527.99  152.36
FH{E/mg-kg ™! 5.92 0.76 0.2 5.97 65.22  103.92 36. 65 198.49  92.02
FRiEZE/ mg-kg ™! 0. 88 1.16 0.1 1. 44 30.57 114.52 10. 35 164.06  24.45
55 R E % 14. 86 152.63 50 24. 12 46.87  110.2 28.24 82.65  26.57
HHEY /mg-kg~ —b 0.23 0.237 7.19 44.37 28.27 29. 88 109.57  65.65
pH<5.5 0.3 1.3 40 70 50 60 200 150
R /mg kg 5.5<pH<6.5 0.3 1.8 40 90 50 70 200 150
6.5<pH<7.5 0.3 2.4 30 120 100 100 250 200
pH>7.5 0.6 3.4 25 170 100 190 300 250
HPRA/ % — 85.71 24. 81 18.8 86. 47 96. 24 75.94 83.46 84.96
IR/ % — 69. 92 0 0 18.05 66. 17 0 23.31 0
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(24.12% ). BR bR A5 B 5846 th )78 5 & 2D
1690, 9 55 7% ﬁ A T B A7 SRR *ﬁ\ﬂ:
16%~36%7’<:IEP£"% S5 Ei)ﬁ{%xﬁﬁ(ﬂ/\jﬂ
2R G i 2Ok T 369 Hﬁﬁﬁﬁ“ﬂ i
j‘z%f%x/\jﬂ.”ﬁ/”ﬁ % Ni. CIJ" ﬂl As Zdilqu‘r
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ﬁEZ?EHiL%%ﬁF'ﬁEﬁEE’JCd Cu.. Pb 1 Zn % 4
TR 1 B, 5 Tl e L 5 i A T 4 25 %6 4

s 612315 1 1 s R 2

BB 3) Gl efi : e Hb L 5875 S XU 075 6 (8 ( GB 15618-2018 ) [3%)

T A 2 B T 75 e 45 50T 39 1 s Ca (Bep8) >
Cd(3.32) >Zn(1.81) > Pb(1.47)>Cr(1.4) >
N1(1 23) >Hg(0 85),> As(0.83), j:b;@ﬁv‘f)%
e it L6 2K Cu (96) 24% ) > Ph(86. 46%) > Gd
(85 71%) > i 84, 97% ), > Zn (83, 46%) 'ni

(75.94%))/5Hg(24. 81%) > As(18. 8%)(%%2)
Cd Al Cu f)'SPI %i’fﬂﬁf 3L, R Ffjr“fiv
e TR UHOE 5 9 % B 25.56% 0
38. 349% Bl MOy LA BRI Cd Al Cu ¥5
Y. Cr, Pb, Ni il Zn SRR I N 05 94, As Fl
Hg SRR ToT5 4, KER 4 LR S Cr, Pb, Ni
%ﬂZn FR IR TS Y 0. 75% F 1. 5% By TS AE
w4 Pb 15 B 7K 7 43 5] Sk v BE RN B 18. 8% %n

T AR E 4w 23.31% B 3ERE L 2 5] As I He 518075 Y
2.2 HEJRIGYIN A 0.75% 1)+ HERE & 32 3] He E’JPTHZEF'T“
PIAR FH 3t A 33 7 g IR 1 0% (8 R BR 1 A V54
R2 AEAFLEETIEFREENSESEITCA
Table 2 Summary of statistical values related to the number and proportion of soil samples at different degrees of pollution
T H e SPI,, SPl,, SPI, SPly, SPI, SPI,., SPI; SPI,,
SPI E-HE 1.4 1.47 3.32 0.85 0.83 3.68 1.23 1.81
Jei5 e 20 18 19 100 108 5 32 22
AT Y 110 102 57 31 25 45 101 82
FEMBUE/AS RS 3 10 23 1 0 32 0 12
G Y 0 1 17 1 0 22 0 14
T Y 0 2 17 0 0 29 0 3
Joim e 15.03 13.53 14.29 75.19 81.2 3.76 24.06 16. 54
s Y 82.71 76. 69 42.86 23.31 18.8 33.83 75.94 61.65
et tb/ % RS YL 2.26 7.52 17.29 0.75 0 24.07 0 9.02
Fp G e 0 0.75 12.78 0.75 0 16. 54 0 10. 53
TG 0 1.5 12.78 0 0 21.8 0 2.26

TR R R s R AR R(1,,) PR
H:Cd (2.23) > Cu(0.85) >Ph( -0.12) >
Cr( =0.15) > Ni( - 0.35) > As ( - 0.88) >

Hg( —0.96) >7Zn( - 1.43). +3Em HF5 Y 5 1L
J:Cu(74.44% ) > Cd(61.90% ) > Cr(53.38% ) >
Pbh(42.86% ) > Ni(22.56% ) > Hg(6.01% ) > Zn
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(1.50% ) >As(0.75% ) (£ 3). L3S AL Cd 754 Hg(34.09) >Cu(18.38) >As(8.3) >Pb(7.35) >

U H MR TR - E S Y 35, 34% ) 3 A Ni(6.13) >Cr(2.8) >Zn(1.81),[% Cd 4, 4
Cd HRRREETG Y WP EETS YL N 15.79% , P E-TJETS 4@ A SRS RO, Cd AR 28 XU R 2 1 %8 i

Yeoh 4.51% , EEI5Y N 3.01%, & - W JE 59 R K. T 3ERES Cr. Pb. As. Zn Fl Ni RO

2.26%, Toi5 Y Ui 39. 10%; 23S Cu BA A 28.57% L3RR S Cd AR 28 XU S A v AU Bl B
BTG 42, 11% W B AL Cd AR g, RE A ARSI s KU S 17.29% , 8 FE XL
JEVG YR 21.05% , PR - TS Y4l 8. 27 %, B JETS Bk 6. 02% , M S XU 5. 26% . He M BE A= 28 XU
Yeo 2.26% , B E-WBEVS YN 0.75%, TLis G tb il Ry 23.31%, 88 KUK R 1.50% (4 4). AR 48 RI 43

N 25.56%; KA & Jm # RAFEECIY/N T 0, SR 9 12 IXUEUA AR 25 XU g R B2 XS, 3k ]

NI YARZS H Cr F1 P BRI R LA LOKF THE S PE N R BOR ), B4R Cr. Zn, Ni,
W9 N 53. 38% 1 35.33% . Pb. Cu & - EA I THA R G m AR (HRE

4 B A S KN Cd(99.69) > ATTAYEEPER N R BT A UEARAE .

x3 FAEHERFRATIEERBEMSLLEITCR
Table 3 Summary of statistical values related to the number and proportion

of soil samples under different geo-accumulation pollution
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Table 4 Summary of statistical values related to the number and proportion of soil samples at different
degrees of ecological risk (ER) and potential ecological risk ( RT)
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Fig. 5 Relationship between health risks caused by heavy metals and pollution sources
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