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Spatial distribution characteristics and sources of heavy metals in soil in a pepper growing area of county in
Guizhou Province, China
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Agriculture and Rural Affairs, Zunyi 563100, China)

Abstract: 108 soil samples in a 4 km X 4 km grid was collected to explore the sources of soil heavy metals in a chili pepper plantation in
Guizhou Province. Inductively coupled plasma mass spectrometry (ICP-MS) and atomic fluorescence spectroscopy were used to determine
the Cd, Hg, As, Ph, Cr, Cu, Zn, and Ni levels in soil, and a positive definite matrix factor analysis (PMF) model was used to analyze their

respective pollution sources. The results showed that most of the heavy metals content in the pepper soil was enriched to a certain extent
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relative to the background values in Guizhou Province. Soil Cd levels exceeded the risk screening value for soil contamination on

agricultural land, and the distribution of the eight heavy metals in the study area varied widely. Areas with high Cd, Hg, As, Cr, and Ni
content were mainly located in the eastern part of the study area; areas with high Pb content were more scattered, with no significant regions
of concentration; and areas with high Cu and Zn content were mainly in the southwest. The PMF model identified the five sources of Cd as
industrial, natural, traffic, atmospheric deposition, and mixed sources. Among these, the pollution sources of Cd were more complex,
including natural background, agricultural activities, and industrial activities. The pollution sources of Hg and As were complex, including
mainly industrial activities. Sources of Pb and Zn pollution were mainly traffic activities and those of Cr, Cu, and Ni were mainly the natural
background. Some of the Zn might also originate from traffic activities. There was a risk of Cd, Hg, As, Cu, and Ni contamination in the
pepper growing area. The layout of the pepper industry in the future should consider traffic and the impact of industrial and other activities

on heavy metals in the soil surface layer to reduce the source of pollution and lower pollutant emissions. In addition, the application of

fertilizers and pesticides should be rational to ensure the safe production of peppers.

Keywords : pepper; soil heavy metals; positive matrix factorization (PMF ); source analysis
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Figure 1 Distribution of sampling points
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Figure 2 Current land use map
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Table 1 Grade standards of soil pollution index

AT R R GAETS AR
e Individual pollution index Integrated pollution index
Grade P TG YL P, YRR
Pollution degree - Pollution degree
I P<l Yk P4<0.7 G4
I 1<P<2 A L 0.7<P5<1.0 ek PR
I 2<P<3 LEEREE 1.0<P5<2.0  RpEEIGY
v 3<Ps<5 RS g 2.0<P5<3.0 PTG
\i P>5 HEIGYE P5>3.0 EHEREEC

R2 RAM SRR TFIEE
Table 2 Risk screening values for soil contamination on

agricultural land

K5 SR PR L

Serial Pollutant Risk screening value/(mg-kg™)
number  projects pH<5.5  5.5<pH<6.5 6.5<pH<7.5 pH>7.5
1 cd  JkH 0.3 0.4 0.6 0.8

At 0.3 0.3 0.3 0.6
2 Hg sk 0.5 0.5 0.6 1.0
oAt 1.3 1.8 2.4 3.4
3 As  JKH 30 30 25 20
FoAte 40 40 30 25
4 Ph kM 80 100 140 240
FeAts 70 90 120 170
5 Cr kH 250 250 300 350
HAt 150 150 200 250
6 Cu R 150 150 200 200
HoAtb 50 50 100 100
7 Ni 60 70 100 190
8 Zn 200 200 250 300

T ERRMEESE As WIETR BT X TR R E, R
FHICH A% A 5 BRAEL

Note: Heavy metals and heavy metal-like arsenic are calculated on a
total elemental basis. For dry and wet cropland , the more stringent of these

limits is used.
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Table 3 Statistical characterization of the heavy metal content of test soils in pepper growing areas

Hb 5L

JLR e/ME RRAE FEE brifE2E 5 AL RN
Elements Minimum/(mg-kg™)  Maximum/(mg-kg™"')  Mean/(mg-kg™) SD/(mg-kg™) CV/% Background value'*/(mg-kg™)
pH 4.52 8.33 6.49 0.83 12.78 —
Cd 0.26 6.51 0.76 0.78 102.37 0.66
Hg 0.03 1.58 0.31 0.22 70.82 0.11
As 2.49 349.20 30.40 39.65 130.43 20.00
Pb 13.62 80.32 33.55 12.32 36.72 35.20
Cr 30.39 379.33 89.63 39.20 43.74 95.90
Cu 9.83 108.18 51.13 20.78 40.64 32.00
Zn 43.24 245.38 98.43 29.45 29.92 99.50
Ni 16.16 215.62 43.78 25.16 57.47 39.10
200 05 o KT 1, I 5T 2 L AEBFIE 16 0 b
95 " = T . T 4R TS YR Hg>Cu>A>Ni>Cd>
s N 77 Zn>Ph>Cr, HoH, He 9 205015 e F8 $OF 3 (R T 2,
ol H2.85, )& TREG Y DIEE SR NS G50
E SR HOTEI ) 2,54, b o TS
iy e o
= 0 ! 3 S A PR B i A A% FH b TS U
10 o PobRIE V7)) (GB 15618—2018) s i 2 11 ]
A 8
1 1 N o N e e 4
oLl : S AHULR RN S, WX T 4
Hg As Pb Cr Cu Zn Ni

L% Elements
O /NFifEfd O KT ENFEE KRFEHME
3 PR X B AR ALIRE S e E

Figure 3 Frequency distribution of exceedance points in pepper

growing areas
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Figure 4 Distribution of heavy metals content of soil in pepper growing areas

B DG B RE M AT L (H2 Xﬂinn%ﬁl HRREC WL AR AR T 2R Le R 2 S TR
FA 20K, A RS —E HfE, A RE#EAT [EIH 20 0. 95, Q(Robust) 5 Q(Ture ) MIFEIT , WL ¥ B AH - 54571

TN e (R 1 P 35 8 B B L, LR 5k 2 Ak
F-3FE3ZM, 458 0FE6, hF6n] %,k Cr.Zn ot

BEIE S A EPA PMFS.0 845 , % & IR 750 H 3k 17
R, R 750 5B ok Z el D E A e A AR K B



B DRIR , 45« 5N 48 5 L BORURIORREL DX b 398 o < J 22 1) 3 R i KR YA 109

R4 TEEEETLEH

Table 4 Soil heavy metals pollution index

DU I 5 et e LSt R HOTR T 5
(B4 B {E (BN Y {E
v A Take soil contamination  Take background values
HiH Fen 5K screening values for for soil elements in
Ttems Number of agricultural land as Guizhou Province as
samples threshold values threshold values
il R ] FEME
Range Mean Range Mean
Cd 108 0.51~21.69 2.31 0.39~9.86 1.15
Hg 108 0.01~0.88 0.17 0.27~14.37 2.85
As 108 0.06~8.73 0.91 0.12~17.46 1.52
Ph 108 0.08~0.89 0.33 0.39~2.28 0.95
Cr 108 0.12~2.53 0.51 0.32~3.96 0.93
Cu 108 0.10~2.16 0.79 0.31~3.38 1.60
Zn 108 0.15~1.23 0.44 0.43~2.47 0.99
Ni 108 0.10~3.08 0.52 0.41~5.51 1.12
P 108 0.38~15.59 1.86 0.59~12.58 2.54

ZHHLE L R 4 0.866 9.0.645 9 4h, A Tt Z LS
128 19 R4 KT 0.9, 22 B PMF 5124 45 K 1 fift Br 25 o1
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Figure 5 Frequency distribution of the soil heavy metals pollution index
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Figure 6 Results of the Nemiro evaluation of the integrated contamination of soil
x5 FWFERRETEP AR TR Z BHEXE
Table 5 Correlation between different elements in surface soils of pepper growing areas
JLZ Elements Cd Hg As Ph Cr Cu Zn Ni
Cd 1
Hg 0.404%* 1
As 0.025 0.288%* 1
Pb -0.131 0.147 0.113 1
Cr 0.752%* 0.257%* -0.081 -0.127 1
Cu 0.229* 0.068 -0.059 0.068 0.584** 1
Zn 0.322%* 0.118 -0.005 0.223* 0.503%* 0.706%* 1
Ni 0.687%* 0.142 -0.032 0.001 0.870%* 0.697%* 0.658%* 1

T = AR ERE OO 28 0.01 I, FISEERR 35 . e AR B2 (L) 2 0.05 I, ARG HE 35

Note: ** indicates significant at 0.01. * indicates significant at 0.05.

¥ 3%F Cd.Cr.Zn Ni ¥ vk , Hd X} Cd (1951
HRR I, N 65.6%, LI, Cd m] /4 R 7 3 (ARG
3L ERE RN RS DTRE JRTRHERE AR ILE
KA B Cd 7 L3 BB (HIE 58 X LAk R 7
O3 A R IR F N IR IR AR 5 Cd 76 R i

V43 5 55— 5 1 Cd 5 Cr Zn  Ni A7 7E % (2 25 1E A1 56
(P<0.01), +-3Erf Cr . Zn Ni f & 5 5 52 3 i+ B
FIFZ I, AT 15 SRR B & B A P Rk RS, R
FH b 55T 55 M, T B BB T b s S I B )
Cd B B TH B, $E 00 B 7 3 oA b s 0k SR i

YIS, IR EL A Cd T S E i, KRR+ 19 ¢d T ARG S AR AT
MXTEAE, R X HE Cd SR ENFEA R [ 4 % Cd . Hg.Pb .Cr,Cu.Zn Ni ¥4 5k, H

EI=N=R

[RI 2192 15 1 (0.76 mg- kg™ ) J& 50 M 48 381 55
5 (0.66 mg-kg™) B 1.1 4%, 1 HF AR 55467k
35, e AV E 4, Cd I &5 KRR 2

B I KR O JZ JUA A, BATRER R R A

WX Ph B SRk R A e, 1A 31 73.5%, R Ph RTIA R 2
H T 4 BIARRIC R, X Zn B STy 42.3% , (LR T
PhoeEK . & 3 A%, Ph ) & XA A R )
12 HOE Y 5 (33.55 mg-ke ) IR A BN 4 15
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HAH (35.2 mg-kg) , (EATS A 38 4> s b i H A 5
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Table 6 Results of fitting observed values and model predictions

for elements

JGE Elements 12 Slope FHE Intercept R
Cd 0.91 0.05 0.971 0
Hg 0.96 0.01 0.996 4
As 0.98 0.45 0.999 6
Pb 0.87 4.00 0.956 3
Cr 0.97 -0.01 0.866 9
Cu 0.94 1.96 0918 8
Zn 0.73 23.45 0.6459
Ni 0.73 9.30 09140

Hg
60.5%

b CBUIA O I AR IRl XS T AR Ak )
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7 5%t Hg  As 359748 BTk, 5TRk R4 510 60.5%
28.2%. HgEH 55 (0.31 mg-kg™) &5 M4 3%
5 (0.11 mg-keg) 19 2.851% , #HIC7E LI 17
E—E M E L, MALA R 0 7R GR s T
TR S AN AT skl A K Y He W As JK 3, & Hg  As
) BRI, — i o Rk kA
o AR 3, Hg 1 & X 32 30 A 7
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55 He (5 % 2 X 40 514, RN IR 5 5 02 K
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Figure 7 Spectrum of PMF factor components and the contribution of pollution sources



112

URERIR Rt Y F 405 5E | H

+ 3% 4 )8 Cd .Hg . As . Pb . Cr.Cu.Zn Ni fRJE N T
MV VE L A SRR TR AS VR R AT IR IR A TR (s
Ji MR T ARG B ) |, £ Bk R Y T kR
BN 11.5% .27.2% .30% .13.2% .18.2%

3 #ie

(1) BRI A X 3 4 8 He P 7 AR M
A FH 3 = 398975 G XU i 26/ ; Cd W As . Cr . Cu . Zn \Ni 43
WH 87.96% . 14.81% .0.93% . 28.70% . 0.93% . 7.41%
P4 ASUAE R Ao 4 P b - 985 L B B ; Cd L As AT 2.78%
) ASAVE A e A F b A 98 e A I

(2)Cd Hg.As . Cr Ni i 55 7 5 X 38 32 2253 A 7
WF T DX ) 2R 358 5 Ph B i 2 2t DX S 5 o 8, A B
AR R A Y X 5 Cu L Zn 1Y o X 3 B A
TEVI R

(3) PMF B R f# AT S AN STk VR, Tl L 3 28
U5 ASHYE KA DRI SR AW, Hidp, Cd yi5 3
RN I I A AR 5 AIES) Tk TE 355
Hg  As B975 4R U5 32 208 TG 8l Ph . Zn 75 Bk
P52 SR AZ G B ; Cr . Cu Ni 9 2R 52 R
s, Ho R Zn i T RERIR T 221G 8

25 b ABIE ST B BORURP R X A7 7E Cd \Hg As . Cu,
Ni 75 Y XU, 4 J5 BB Ml A1 Jmy 1 %5 PSS 38 | Tl 55
TG Bt R T 4 R 05 Ja s YL BT
YRR ; TR 25 PR AR R A 2, AP B
PR &A™

Sk

(1] FEHEEE . 22 M e 7 XS] L ST 43 ) 5 4 70 BT 5 PR D]. 22
Hfr el K2, 2007. WANG Yan—xia, Analysis and assessment of
heavy metal concentration of vegetable cultivated soils in Anning dis-
trict of Lanzhou[D]. Lanzhou : Gansu Agricultural University, 2007.

[2] FRIFE DR AR, [ L PR . Ax e 35 YR BL M A A R [R). bt
IR AR, [ £ P U, 2014, Ministry of Environmental Protec-
tion, Ministry of Land and Resources. National soil pollution survey
bulletin[R]. Beijing: Ministry of Environmental Protection, Ministry of
Land and Resources, 2014.

[3] 9% A W, MR I . [l 3 35 e 4 DX S22 S 5 20 DX TGS A SRt ().
rf [ B2 B B R, 2018, 33(2) 1 145-152.  LUO Yong—ming, TENG
Ying. Regional difference in soil pollution and strategy of soil zonal
governance and remediation in Chinal]]. Bulletin of Chinese Academy
of Sciences, 2018, 33(2) : 145-152.

[4] i FE BRI MO0 St e R BEOC R SR, AU v E PR AL
H R4t 1990.  China General Station for Environmental Monitoring.
Background values of soil elements in China[M]. Beijing: China Envi-
ronmental Science Press, 1990.

[5] Thd, o2 R4, fafk, 5 . 3 v 8 o it SRR )], ekl

Bl2%, 2007 (33) : 10672-10674.  DING Yuan, ZONG Liang-gang,
HE Huan, et al. The heavy metal content in vegetables and its evalua-
tion[J]. Journal of Anhui Agricultural Sciences, 2007 (33) : 10672-
10674.

[6] BRY, XIDGAE, 2 FObK, 45 A7 X P i 43 a1 8 AR e I Y
[J]. " A 22 417, 2004 (6) :285-289.  HUANG Yun, LIU Guang—
de, LI Qi-lin, et al. Investigation on accumulating ability of agricultur-
al products soil heavy metal[]]. Chinese Agricultural Science Bulletin,
2004(6) :285-289.

(7] 3K, R AR, B, S5 . ST IRt IX 1 S - HUBUA R 42 ) o
R A YT R BLUR AR )] £ 4k B, 2017, 38(21) 1 175-181.
ZHANG Jian, YANG Rui-dong, CHEN Rong, et al. Bioconcentration
of heavy metals in soil-Capsicum annuum L. system in Karst areas of
Guizhou Province[J]. Food Science, 2017, 38(21) : 175-181.

[8] TSI, Ml L%, A BH, S5 AT T 3 LI A T 45 ) & i S KU
FEM(I). PR Al 2447, 2018, 31(4) :824-829.  HUANG Hui-qian,
HE Teng-bing, LI Yang, et al. Contents of heavy metals and risk as-
sessment in soils with long—term application of swine manure|J]. South-
west China Journal of Agricultural Sciences, 2018, 31 (4):824-829.

[9] W&, IR, 542, 45 RN X 1300 4 s BUR A Rk
52 TR ()], ARl PR B B2 24, 2017, 36(2) : 257263, WANG
Teng—fei, TAN Chang—yin, CAO Xue-ying, et al. Effects of long—term
fertilization on the accumulation and availability of heavy metals in soil
[J]. Journal of Agro—Environment Science, 2017, 36(2):257-263.

[1O] AT s B, B2 iy, A5F R0, 45 it FH 10 475 2 AT A 3 10 30 i 7 43 )
G Al SRR VT[], %64 S ERE AR, 2018, 18(2):789-794. HE
Teng—bing, HUANG Hui~—qian, FU Tian-ling, et al. Analysis of the
heavy metal risk content rate through the vertical profile of the yellow
soil a decade late due to the swine manure application[]]. Journal of
Safety and Environment, 2018, 18(2) : 789-794.

(L] R, 5 DR, KT, 45 . A TS M FH e o 4 7 e KB AR 3R
B AU R ()], Al R 35 B 24 241, 2012, 31(11) £ 2152-2159.
CHEN Tao, CHANG Qing—rui, LIU Jing, et al. Pollution and potential
environment risk assessment of soil heavy metals in sewage irrigation
arealJ]. Journal of Agro—Environment Science, 2012, 31(11) : 2152—
2159.

[12] ZE AU, XUk, V508 . A8 (L it M A e i 4 Jag 4 i B A3
PR (7], A%l PR BT B2 2 i, 2010, 29(6) £ 11251129, LI
Shuang—yi, LIU He, WANG Jing—kuan. Effects of long—term located
fertilization on heavy metals and their availability in brown earth[J].
Journal of Agro—Environment Science, 2010, 29(6) : 1125-1129.

[13] &4, SRR, KIS, 45 . RS T5 3 X 1 -5 3 R 4w 1o e I
RPN [T]. Al FREEREA 2440, 2020, 39(7) : 1521-1531.
CAO Chun, ZHANG Song, ZHANG Peng, et al, Heavy metal contami-
nation in soil-vegetable systems and its health risks in an area irrigat-
ed with acid mine drainage in Dabaoshan, Guangdong, China[J]. Jour-
nal of Agro—Environment Science, 2020, 39(7):1521-1531.

[14] Bhibe, 47 % 77, BRAERL, 55 . BRULIER bl = St X -3 4
i 15 GRS XU P 53 T (9] AR ML BRI R 27 27 4, 2020, 39
(10) :2259-2266. YAO Bo, YANG Ai-ping, CHEN Hua-yi, et al.
Soil heavy metal pollution and risk assessment of agricultural soils in
the Yunnan — Guizhou area, Upper Pearl River Basin[J]. Journal of

Agro—Environment Science, 2020, 39(10) : 2259-2266.



B DRIR , 45« 5N 48 5 L BORURIORREL DX b 398 o < J 22 1) 3 R i KR YA 113

[15] HER T, BEBH, A7 L, 45 . BTNk X SRR 7 b 42 Ja i
o R A R AU EAG D], 22 4 5 BRI 224, 2017, 17(4) : 1524~
1529. ZHAN Tian-li, HUANG Yang, HE Teng—-bing, et al. Heavy
metal pollution and health risk in major agricultural products in Ton-
gren mercury mine area, Guizhou[J]. Journal of Safety and Environ-
ment, 2017, 17(4) :1524-1529.

[16] Maas S, Scheifler R, Benslama M, et al. Spatial distribution of heavy
metal concentrations in urban, suburban and agricultural soils in a
Mediterranean city of Algerial]]. Environmental Pollution, 2010, 158
(6):2294-2301.

(7] B0 5, SIS, /NS, 55 . BT GIS BBV ji kA I 8 43 s v
Qe B FE[0]. Al PR B FL 2% 22 4, 2019, 38(7) : 1514-1522.
HOU Qin-yan, ZHANG Shi-rong, MA Xiao—jie, et al. Evaluation of
heavy metal pollution in farmland soil of the Kaijiang watershed
based on GIS[J]. Journal of Agro—Environment Science, 2019, 38(7) :
1514-1522.

[18] Wang Z, Hong C, Xing Y, et al. Spatial distribution and sources of
heavy metals in natural pasture soil around copper-molybdenum
mine in Northeast ChinalJ|. Ecotoxicology and Environmental Safety,
2018, 154(6) :329-336.

[19] MHIE /T, Z58%, £, % BT MG GIS iy IS 3 &
I MR B4 (1], FREERRSE, 2006(10) :2110-2116. XIE
Zheng—miao, LI Jing, WANG Bi-ling, et al. Evaluation on environ-
mental quality of heavy metals in soils and vegetables based on geo-
statistics and GIS[J]. Environmental Science, 2006(10) :2110-2116.

[20] AR IES . e [ A SRR X 138 SR 15 G4 Ko SR IR AT [D]. BB -
e M K 2%, 2019.  SONG Zheng — cheng. Mercury pollution and
source appointment of soil mercury in typical anthropogenic mercury
emission areas in China[D]. Guiyang: Guizhou University, 2019.

[21] 2, B [, A0, 45 56T PMF AR () - 38 o 4 Ut r o 22
HERBUSAERTSE()]. R SRR, 2019, 39(7) :2960-2969. WU
Jin, TENG Yan—guo, LI Jiao, et al. Sensitivity of input variables in
source apportionment of soil heavy metal base on PMF model[]]. Chi-
na Environmental Science, 2019, 39(7) :2960-2969.

[22] BRERDY, J5 2530, Ak ik, 45 . 6T PMF AP [ 2 4% H - e vh
3 A3 A KR DA AT D). Al PRI AR 2 4, 2019, 38(5)
1026-1035. CHEN Jin—fang, FANG Hong-da, WU Jing—jing, et al.
Distribution and source apportionment of heavy metals in farmland
soils using PMF and lead isotopic composition[]]. Journal of Agro—En-
vironment Science, 2019, 38(5):1026-1035.

[23] B4k, PR AT, $AASAT, 45 . SEF PMEF BB AY JL e T30 8k 1+
B A Jm oK TR T 10). PR BT R 27, 2020, 41 (1) £ 430 - 437.
HUANG Hua-bin, LIN Cheng-qi, HU Gong—ren, et al. Source ap-
pointment of heavy metals in agricultural soils of Jiulong River basin
based on positive matrix factorization[J]. Environmental Science,
2020, 41(1):430-437.

[24] A, 6] 55 2, A . Il b A fe S e 3 A FH - 8 o 3 ) s )
A FFAT B IR S T[T, BREEREE 2241, 2019, 39(9) - 3064-3072.
YANG Shuo, YAN Xiu-lan, FENG Yi-tao. Spatial distribution and
source identification of heavy metals in the farmland soil of the Caofei-
dian in Hebei Province[]]. Acta Scientiae Circumstantiae, 2019, 39
(9):3064-3072.

[25] BRF5 o, 900 T3 BTS2 (RN 5 1t e T A 37l s B IX - 3 o 4

A 15 U A T (7). BR BSR4, 2017, 38(6) :2513-2521. CHEN
Xiu—duan, LU Xin-wei. Source apportionment of soil heavy metals in
city residential areas based on the receptor model and geostatistics|J].
Environmental Science, 2017, 38(6) :2513-2521.

[26] Bk P, AR, SRA0, 45 . T 1E 5 AR R A - 43 A 20 (Y 3 R 4
FH 5 43 J 5 e D5 BT[] PR AL 2% 24 4z, 2020, 40(1) < 276-283.
CHEN Zhi—fan, HUA Yan-xu, XU Wei, et al. Analysis of heavy metal
pollution sources in suburban farmland based on positive definite ma-
trix factor model[J]. Acta Scientiae Circumstantiae, 2020, 40(1):276—-
283.

[27) sk E ., 5 A UK, A, 55 RS G W B A LT
J5 B VR R N e Houk PMF A BT OS2 00 S5 AT (D). BRI R 252440,
2019, 39(1) :95-104. ZHANG Xia-xia, YUAN Zi-bing, ZHENG
Jun—yu, et al. Establishment of an uncertainty assessment framework
for atmospheric pollutant monitoring data and its impact on PMF
source apportionment[J]. Acta Scientiae Circumstantiae, 2019, 39(1) :
95-104.

(28] B2 I, Wi, SEHE 36, 55 . SHINAE L RARIGL R bl 1 e o 4 e 2 4
PRI VLR AR B2, 2019, 47(1) :255-260.  CAI Na, XIE Jing,
DANG Hua-meli, et al. Safety evaluation of heavy metal in soils of
main kiwifruit orchards in Guizhou Province[]]. Jiangsu Agricultural
Sciences, 2019, 47(1) :255-260.

[29] X5 53 . KMIREIED™ L St §75 Yo Rp AR S B B2 RO WFFE[D]. B3 -
0T TR R K2, 2016, LIU Bao—yong. Study on soil arsenic
pollutants characteristics and repairment effects of Daliuta coal mine
[D]. Fuxin: Liaoning Technical University, 2016.

[30] Facchinelli A, Sacchi E, Mallen L. Multivariate statistical and GIS—
based approach to identify heavy metal sources in soils[J]. Environ-
mental Pollution, 2001, 114(3):313-324.

[31] Mico C, Recatala L, Peris M, et al. Assessing heavy metal sources in
agricultural soils of an European Mediterranean area by multivariate
analysis[J]. Chemosphere, 2006, 65(5) : 863-872.

[32] 22, KT, MR, &5 R g e AR vh o A1 X L8 Cd ¥
REFRIE BOR R[] A2 45225, 2018, 37(5) 1 1538~ 1544, LUO
Hui, LIU Xiu—ming, WANG Shi—jie, et al. Pollution characteristics
and sources of cadmium in soils of the karst area in south China[]J].
Chinese Journal of Ecology, 2018, 37(5) :1538—1544.

[33] =4 . N[l A o 4 i A H SR A T 1) 3 A1 R PRI 5T
[D]. KB KIEFE T K%, 2018, LI Hao—zhe. Study on the distribu-
tion characteristics of heavy metals in soil profile under different plas-
tic film mulching[D]. Taiyuan:Taiyuan University of Technology, 2018.

[34] LR, F77, Mpede . SET UNMIX AR (399 12 3 4 X 1 8 7 4
JE RS BT (D). IR EERLE, 2014, 35(9) :3530-3536. Al Jian—chao,
WANG Ning, YANG Jing. Source apportionment of soil heavy metals
in Jiapigou goldmine based on the UNMIX model[J]. Environmental
Science, 2014, 35(9) :3530-3536.

[35] A, Bhr, INAEDR, 55 . S ZUN AR T Sl il 1] ofe 14 45 i) A2
LR R R AR, 13824z, 2011, 48(3) : 506-515.  WANG
Mei, HUANG Biao, SUN Wei-xia, et al. Spatial variability, accumula-
tion and transfer of Hg in soils around towns under intensive human
activities in the Yangize River Delta region, China[J]. Acta Pedologica
Sinica, 2011, 48(3) : 506-515.



