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Abstract: In order to deeply analyze the influencing factors and sources of heavy metal pollution in industrial
cities, 62 surface layer (0-20 cm) soil samples collected in Baoji City were used as research objects, and
determined by inductively coupled plasma mass spectrometry (ICP-MS). Heavy metal element Cd, As, Cu, Pb, Zn,
Cr, Mn and Ni, were detected. based on geostatistical methods and geo-detector models. soil heavy metal pollution
load index (PLI) was selected as the leading indicator to detect the impact factors of soil heavy metal pollution.
The Unmix6.0 receptor model was used to analyze the heavy metal source. The results showed that: MThe
average contents of heavy metals Cd, Pb, Cu, Zn, As, Cr, Mn, and Ni in the surface soil of Baoji City were 0.77,
16.75, 40.52, 26117.03, 49.18, 331, and 30.52 mg kg'l, respectively. The average value of Cd and Zn exceeds the
national secondary standard, which is 8.2 times and 3.8 times of the soil background value of Shaanxi Province.
The average values of Cu, As and Ni also exceed the soil background of Shaanxi Province. The value of Cd and Zn
is seriously polluted in urban soil. @The total pollution load index (PLI,q,e) of heavy metal is 1.36 in the surface
soil of Baoji City, which is mild pollution, analyzed by geo-detector. Soil texture and the railway distance has the

strongest explanatory power for pollution distribution, Ppy are 0.040 and 0.026 respectively, and the mutual
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explanatory power is 0.099. ®Cd, Cu, and As are mainly “artificial sources” caused by industrial and agricultural
activities, and Zn and Ni are caused by traffic emissions. Cr, Pb and Mn are mainly “mixed sources”. The main
source of heavy metals in the surface soil of the study area is “mixed source”, which is mild pollution level. The
soil texture and distance from railway are the main impact factors of soil heavy metal pollution. This study aims to
provide scientific support for the prevention and control of soil heavy metal pollution in Baoji city.
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Fig. 1 Schematic diagram of sampling location in Baoji urban area

1.2.2  FabrIEI IR

HPRIAEE N 7 HE =S AR R T IR T, AR A O A, R AR T, AL
Z: W8 SCHR[33~35] Y PR 1B B, [RI IS XS 7 X SEPR1E O, & I m AR A (digital
elevation model, DEM) . FEERBSPEE . BE 1) PEES. AREEE. TR, LHEmM. HE
WA HFEE (NDVD (BRI EE A LA X 9 4NEl7-.DEM (GDEMDEM 30m) J 5%
B (Landsat 8 OLI_TIRS) >k H T-HiEE AR = (http://www.gscloud.cn/) , M EEEHRE
Yok A SRR EEIE = F 6 (http:/lwww.resde.cn/) , 7E ArcGIS10.5 5 ENVIS.3 s #dfi it
AT AH . ) 5 PR TR AL P
1.3 ®FITE
1.3.1 V54 sr ek

KA Tomlinson &R (35 Y i fa 8 (PLD X+ E &R 15 Y, HEAR
N



CF =C,/C, @)

PLI = §/CF, xCF, x---xCF, 2

PLI e = YPLI, xPLI, x---xPLI | (3)

A, CRONIGE | IS YARE: Gl Cu r BIF R0 R | ST ESMERME R, mgkg™: n
NFTTCE B PLlzone NIXIRE GGG TEEL m RoRFEARE B IS den b ing 1 b
7.
® 1 SESRITE
Table 1 Pollution grading standards
WH O JmiER RESRE RRER mAEER
CF<l  1<CF<2  2<CF<3 CF>3

B

=z

PLI<1 1<PLI<2 2<PLI<3 PLI>3

1.3.2  HbFRERI AR

MR B3 H T 25 0] oy B8, SRA GIS (Al TR, RIS & 7] 22 FLAE FH (¥ T
LIS SR o DR PRI 2 ST . RUSGAR I 28 RIS FLARMIA 4 N TR,
o AT R A R A% LR 73 R R

m
z nD,iO-ZD,i

p,=1-#__ 4
=1 @

A, Pou AT D X H (PLI FaARE 85340 (fERETT, n Mot X B oc s no WA
T DHE i XHRITE, o N PLIEARHER, 60 AT D T i 73 IXHIPRIEZE Pon R
INFORTENA T AR SRS, Pon€[0, 1], 4 Po fEBREENT 1 I, U723 H] 4 bl Rz
IRER.

A HAE FHER I 25 4 5 0L R 105 Qe AR AR RS 7, (R EEIT 1, WIFRORAZ HAE FH B
(R 2> B A B T R I A A AR AR B 45 5L, 13 tH R = xS i X
3 R T G o A BRI R B

*2 XEERSRIS
Table 2 Interaction results segmentation

THLER R

ARLR LR TS Po,H (xNy)<Min[Pp 4 (X),Po,n(Y)]

B[R] T IR 55 Min[Po+ (x),PoH (¥)I< Pon (xNY)< Max[Po n (x).Po, (V)]
AR ARNT Po.u (XNy)=Pon (X)+Po ()

LR T 5 Po.u (xNY)>Max[Po H (X),Po+ (¥)]

ARLR LY 58 Pon (XNY)>Pou (X)+Po,H (Y)

1.3.3  Unmix6.0 24y
Unmix6.0 H7 5 26 [E BB 2 AV AR AS 20, HLgs R 04t

Cij = Z ijsik +E (5)
k=1

qrf, CyAE i MM =1, ., NPE IR =1 ..., n) BEE: FOSE MR
FEJE k(k=1, ..., m) BQEARG Su vl KRS | DMEEREITTIRES: E Jy s MR bRifE

i 22 AW T BAR VAT TAEAE Unmix 6.0 B4 b 58 B
NORIEIR T 25 ARG B T 52, (RIS &3] LI Ko n Rm M S B AR ARMEER, £F
SEEG T A5 RS 3N Unmix 6.0 FAFRT, R IR AT B = e v A B, Ab B S RO AL T
4


User
高亮


[0, 1]z /Al BT EMN. & Z=rrAEL A U T
X. —MinX,
k=ﬁ4——fL— (6)
axX; —MinX,
AP, X NBEEELERECE P k=1, ..., n), X RSS2, MaxX; 1 MinX;
43 R 3R R S 1 B KBS B/ ME

2 HER5SM

21 EERLROE
THEESEICRPMIAS N 38k Cd 5 Zn iR, HREEGFRTRIELARE
W E R bRtk JeER Cdy Cus As. Ni Fl Zn (UMEAGE T 1Bty 1388 5, Kook
Cd Fl1 Zn BIEIME 53 0] 2 1 AR 8.2 A 3.8 £ & e R & Bl KA 1 Bevty L7 S 1H,
YOI X 38 2 G R AR ) e M EE A A T 1, BB BB S B & IES A, 1%
B R PV g s O AR SRR K, ERX NS SRR AR R (R R
H>36%) , A5 REEGE, KU X L2 ST
&3 tRESGREMRGT
Table 3 Descriptive statistics of soil heavy metal
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Cd 0.77 0.14~5.50 1.34 41.6 6.36 0.094 0.3
As 17.03  2.9~67.93 1.08 1.6 -0.49 11.2 30
Cu 4052 4.7~214 1.18 34.0 5.61 21.4 100
Pd 16.75 0.00~49.2 0.67 5.1 1.44 21.4 300
Zn 261 22.9~1882 1.14 16.7 3.74 69.4 250
Cr 49.18  8.4~249 0.72 0.87 -0.96 62.5 200
Mn 331 0.00~614 0.65 1.15 -1.00 557 —
Ni 30.52 6.73~198 0.82 26.8 4.72 28.8 50
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Fig.2 Distribution of heavy metal content in soil
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Fig. 3 Soil heavy metal pollution index
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Fig. 4 Spatial distribution of heavy metal pollution index
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Fig. 5 Geographical environmental factor (hierarchical) spatial representation
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Table 4 Interaction of geographic environment factors with PLI

B MR M M BRIV BRERER PR
DEM NDVI
- ESit] M pUL BEES R BEE

>

25

DEM 0.013
ABREE 0043 0.020
T AR 0017 0029 0.001
NDVI 0.025 0.035 0017 0.011
+IKM 0036 0034 0015 0024 0010
3R 0092 0067 0.055 0.064 0.056 0.039
BREJIAEAES  0.030 0035 0.015 0024 0.028 0.063 0.009
FRAKEREESS 0043 0050 0.031 0042 0.043 0.099 0.045 0.026

PETJBE® 0022 0.027 0010 0015 0.019 0.049 0.021 0.043 0.002
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KA Unmix 6.0 #4F, ¥4 38 8 MucEMibh 3 MR (R 5) I 3 MEMILA X R
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#5 xS
Table 5 Source division

T W1 U 2 U5 3
Cd 0.1220  -0.0064  —0.0093
Cr 0.0540 01320  -0.0101
Pb -0.0590 03570  -0.0175
As 0.1440  0.0948  —0.0137
Zn 0.0002  0.0274  0.1010
Cu 0.0923 00477  0.0372
Mn -0.1750 05500  0.0545
Ni -0.0357  0.0733  0.8690

Mk 0.1430  1.2938  0.2290

JETTHRE % 8.58 77.67 13.75
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B R A F BRI, AHIEFE ] 2 T Ph S R A A X S B 5 A B P I iR S R A A
X8 BRI 7T X Pb Bk [ A8 @R Ah, AT 9T 45 5 B, CroMn F1 Pb B b T ToT5 Y 2%,
(E7E7%H) 8w A 5, 38 Cr. Min i Pb 785 B2 3 A0S 3T, ZErigrasit
FEFRESEBV Sy, KU R RS L H% & 55 E4)8 Cr Al Mn & &34,
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Fig. 6 Spatial distribution of source contributions from the Unmix 6.0 model
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