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Abstract To study the situation of urban-industrial soils, the spatial distribution, sources, and

pollution level of heavy metals (Cd, Hg, As, Pb, Cu, Cr, Zn, and Ni) in Minhang District of Shanghai,
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as a case study, were investigated. The results showed that: (1) The average contents of soil As, Pb,
Cu, Zn, Cr, Cd, Hg, and Ni were 7.80, 9.49, 41.11, 150.67, 90.48, 0.27, 0.14, and 35.57 mg-kg",
respectively. Compared with the background values of heavy metals in soil in Shanghai, except for
As and Pb, the average contents of other heavy metals were higher than their background values. (2)
Spatially, the distribution of As contents in the western region were lower than that of the eastern
region. Cr, Hg, and Ni had a certain degree of similarity in spatial distribution, and the contents of
them in the northeast of the study area were lower than other regions. Distribution of Cr contents
were in the shape of band and island, the accumulation concentration of the industrial area in the
middle of the study area was relatively high. Hg and Ni contents were mainly banded in space. Pb
had spatial variation significantly, and the high-value areas were located in the eastern food industry
area and printing industry area. (3) Combined single factor pollution index, Nemerow comprehensive
pollution index, and index of geo-accumulation to evaluate the polluted levels comprehensively, the
results demonstrated the accumulation level of Cu, Zn, and Cd were high. In general, soil in the
studied area is dominated by uncontaminated soil samples. (4) Principal component analysis -
multiple linear regression model (PCA-MLR) showed that the anthropogenic source was attributed to
93.2%.

Keywords industrial area, soil, heavy metals, accumulative characteristics, spatial

distribution, source identification.
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SRROGT R B (At B I T 2 R o) s 1 A S 4, DR, ST TN DX g R 4 14T Gtk
{0 M R IR IR AT 3 A HAT FE 2 L
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AHFFERT IR T Tl X (RA B9 17 BAAT XA ) 38R A7 R A A, % 55 4 J@ i (As) . 45 (Pb) | i
(Cu). £ (Zn) . #(Cr) . A (Cd) . 7K (Hg) FIEE (Ni) i & s 3E 4700 %, SR B AL (inverse distance
weighting) 73 M7 - 48 55 4 J& JC 2K 1925 (8] S0 A AR, 275 IR SR IR 715 Qe d5 5. 20 27 5T e da B0m
b SRS BOE v 3k T MY X A R 4 T Y R EA T VR, IFF H AE DGR 43 A RN S Ry - 2 e Sk
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1 #MRL5 7 (Materials and methods)

1.1 WFSRIXHEAL

58 XA T 0 T H S B AT X, O A M B AR AR S b A 31057, AR 4R 121025, TR
372.56 km?, 2 2019 4EJiE, PIATXH AR LN 254.93 5 A, A& BESAE . AT X @ T A iy vig v
PEZE XS, AR IR 2 17.4 °C, AE K29 956—1263 mm. HiFACE- 30, PUHE AL T35 FHSF 5, A 25 3 2
T Hiy XA I T D BV B SR R BRAT X, KRB A A XA ZEE Tk X, 4 A% Tl XA
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+ RAEH Soil sampling
I {22 Tlk Chemical industry
[ HL 7~ Tk Electronic industry
B £ 5 Tk Food industry
[ |97 Tk Medical industry
[ Ei Toolk. Printing industry
I 2528 Tolk Textile industry
[ Hfts Tlk Other industry
43 Green
WFFEHLIE Research institutes
_ fE%8[X Residential area
77 # kX Commercial district
Z2 Bkitg Railway
A% Road
7K & Waters

0 1.2 km
e —

1 WA XIS R AT
Fig.1 Study area and distribution of soil sampling sites
1.2 FESCRESH &

HRYEF 5T XA [R) 28 Tlb A7 A i (&1 1), 78 Tolk el X g e 42 R R )2 HHE(0—20 em) #F i 3t
56 A, BEFE SR S MR, AR AR | kg WA RO A 348, 7 RSB, FIHFRE
GPS RSB RAE f HEAT E 7. R A Y R IEAE Al M1 5230 % HAR T ), BIBREE S P AR &R L A7
BLER s AT DA AR, DAYS/D 5%k - A AL JoT 25 A P o B JHE o 4 JB T 3R 2 W0 AR s i XU 19 1=
HERE i 43 A A S 2 2 mm A1 0.149 mm fL A2 i J5 A7, DA 4% 4.3 pH A1 4 J& S K (As. Pb, Cu, Zn,
Cr, Cd, Hg F1 Ni) 73 #7.

1.3 SEEe b T ik

H 4 pH R 3 3 A A 0, BRI 2 mm FLAR T (9 £ 4 10 g FHEAR T, A 25 mL % CO, 7K
(1:2.5 BRI , B8R PE3h 5 AR FEER B0 FE 1 min, (8K F1 4585018 -5 357, 5CE 30 min, H
pH 3T E AR pH (™.

+ 3 Cd. Pb. Cu. Cr. Ni. Zn JH o J&HH & 45 B 11K Ji 1% (ICP-MS; American Thermo Scientific,
X7) M 5E , I 5E B X EE S PEFT AT AL BR, FREX 0.1000 g X6 %) 0.0002 g i 0.149 mm FLAZ 0 ) HAE TR M
OHBER T, Al 28 T KRR, B AR S IIA 5 mL HNO5, 5 mL HF, 1 mL HCIO, /& s, F
B b 150 Con# 2 b, THIE 2 180 °C gk 1 h, A VF/K iP5 75, FEIA 3 mL HNO;. 3 mL
HF, 1 mL HCIO,, TR | 200 C g AE MR B L, A 1% HNO; Jif BV i, 9 i £ 2805, 1 1%
HNO; & 75 % 50 mL 75 &, #5850 JF# & 4 h J5, JH ICP-MS ", As il Hg FIJEF2¢ Y606 B 1
( AFS; Beijing Jitian Instruments Co., Ltd. production, AFS-820), | % Aij HX 0.250 g L FE A 25 mL H (4
B, VR EFKIERE, INA (1+1) £/K (HNOy:HCI=3:1) 10 mL, £ 5] J5 ¥ iH AL .tk H ik K v
2h)E LB TRERZEZNE, #8505 8B, 7 W e L LI E M. bR it GBW07363 il
GBWO07429 FI T 5290 25 5 e 12 1
1.4 BFRITE

B AR BOFHr XI5 X 4 358 8 4 8 RBVRRIE EA T VR4, P8 8000 2 S PRl 45 (19 B 4 JR U R Wk 2
TEACAL AT BIAH R AS TS5 Jedis BOT 15 A0 I B PE bn HEAE LA LAB G 15 L SE 0 O %, AR5 b 4 F Y
TEBOE TS LR I AR B0k . IWHER 255 19 e da B s RARGE BOE . 3 & @ R IR b R ] 32
5143 Hr-2 5626 P 915 (principal component analysis-multivariate linear regression, PCA-MLR ) 5% 7l fig Ay
BT oA, AR R AR A ] S A R SR T ML G 3 s
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14.1 HPHFi5 4850k
PR PR EL R B AT 0 — A E AR 15 R O vk, — DL R T R A S E SR E R E N
PR bR, ik = (1)

[

P, = (1

Horp P oy LIS e i W SIS Y8 B, C O IR IS gLy i 9SSR, S; TS g | BT
(3% 1) M5 P8R R/ I G Jm T AR R o o 5 28 (3R 2).
®1 HIEEGEIFHSIEEE(mg kg ")

Table 1  Assessment of standard reference on soil heavy metal(mg-kg™")

%)

o5 K
% FH As Pb Cu Zn Cd Cr Hg Ni
Land use
N T i AL 60 800 18000 — 65  — 38 900
A B AR ”
A HIE 140 2500 36000 — 172 — 82 2000
T T A 9.10 2547 2859 86.10 0.13 75.00 0.10 31.90

®2 BIEEGEIGYTYARE

Table 2 Criteria for classification of soil heavy metal pollution

45 P, P IEES =1
Class Grade
1 <l <0.7 PREES
5 1<P;<2 0.7<Pp<10 BTG
3 2<P;<3 1.0< P, <2.0 rh i V5 Y
4 3<Pi<5 20<P,<3.0 TG Y
5 >5 >3.0 JEE G Y

142 WP LR G5 e ok

PIARER 255 6 B0 B 0 4 T i e 39 R v % T T 4 g V5 UL 8 PR 25 5 i e 119 1 S R o iR b
FE5E H 1R TR B 15 YRkt IR R A s e U, R IR S RIS RN BN T R —, TR R
BRI (2):

2 2
Pm — \/(Pimax) ';(Pimean) (2)

Kb, P NESBERA TG YR, POy T 6 8 50 K 115 P48 B, P I DB G 8 T R 15
T8 BUIR KAA, Prean N T IR T 5 JB OT H FL K 175 P8 BT BME. WAL 25 G 15 P48 8000 b 5 D F R
(#£2).
143 b BREEOE

K FHAEE B2 58 Muller 78 1969 4 2 H i) 3 22 #1958 £k (index of geo-accumulation, T, ) ¥ 5 4 J& 15
YRR FE AT 2 S oAU L R ARAE O SR T [ AR Bl 5T i R e o S (B0 A S T L S,
F I8 T NN s 4 S T YL 0. I T8 BON S T E 4 8 A A 1Y AR AR ARRRAE, 38 RS DL
R SN FREE SR, S X A3 AR B i i BB SR kR A = (3):

C,
Igeozlogz(l.st) (3)

i1, L T M RBUREL CON AR TR ML, BRI A SR 1), RBIE e %1 5%
SR L5 RS B0 7, JRHEH BB 0 T 00K 3).
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Table 3 Criteria for classification of geo-accumulation index for soil heavy metal
1PN

bevel fieo Contamination class
1 Igeo <0 s
2 0<lpo <1 T e V5
3 1 <Igeo <2 S g
4 2<Igeo <3 TS YL R S
5 3 <Igeo <4 TS Y
6 4<lgeo<5 SR E ¥ Y B i e
7 Igeo > 5 &S

1.4.4 T3 Hr-22 e Lk [l AR B A 1 125

PCA-MLR #57RY J2 — Fofr o B2 9 52 AR 5, BEA i 1R VRO T A BT R R P s e TR U,
ABIESE A HIZARE R 3 B B A Toll IX - 3 v 32 %295 e P2 I J% BTk R . PCA-MLR F AR [ B R i
I AAAE B, SR AP 5 X R RN R AN ] B 775 G P Y, A B35 G P50 2 A B TR B 1 S A
FHPE4E /9 75 1%, 8 32 o A 4R A T R AEAR R T 1 B IR, AR Al S G R A 4oy b
AR A , HE DB 2 32 0 B S W) 95 G, P e/ ek, AR BUM IR A AL 1 (5K 4), 6 B AR BRI
AR BB A X S AT A 2087 )5 (50 5), ARG 6 7443 e E G R 5 YL i A9-F- 44 BTk R,

Y=Za,—X,-+b (4)
i=1

A, ¥ oy H A S R TR E, n O R X O FE O oA PR AR AR, b O AR TR
R AR AR B

ZziB,-X,- (5
R, B, & A RAL

C,:(B,./ZB,)XIOO% (6)

K, C o0 4w i5 YL IR | TTERE.
1.45 Mgk

S B INAL L ) (Inverse distance weighting ) & 36 P~ 9 44 2 8] 54 15 25, HR 95 A0 BURH I J5 2 ) 3
AJE M, PRI Z 0] FE 2 000, DA =2 1) P S Pk st 25 AR L s 2, W 2 Tl S P 1) 2 S 2Bk
HEAXT:

N
Z(so) = Z/liZ(S;) 7
pary

Hor, Zes RTINS o B TR, Zis, R FOUIN 5578 4 TN AEL, A A A o A o 0 e 1S B AR TR, 558 o LS 1Y
FEES 5 L, N S S AT R 2L

S B B TS 2 2 (B (B e A ik 2 — 170, 3 o S I i ik vl A AT - 398 0 4 J 25 () 4 S
30T BERGE, SR 7 1 58 4w B 23 0] 4 A REAE RS
1.5 $dagit5040r

- ML TR A S B V5 Y B A G D B A 4 BT A SR Excel 2016 Al SPSS
19.0 B 58 G R AreGIS 10.2 % - HERAE £ 54 @ 23 [8] 70 A 647 0 A A AE L.
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2 %55 59718 (Results and discussion)

2.1 HEESE SRR ST

Wi 4 AT LA, IEAFSE X 135 pH (H VSRR 7.18—8.49, SLadi vk, Mt ) i s £, 1%
A BRSNS B AT . (HRHE I R HERS, 3 4 )8 B R, BB X Tl ik
AT ALk R R R, R E 4 8 B R B AN A B2 . 1 As, Cd. Cr, Cu, Hg.
Ni. Pb Fl Zn A2 514 7.80. 0.27, 90.48, 41.11, 0.14, 35.57. 9.49, 150.67 mg-kg™, = M+
B e P b - 49 e KU A 45 AR v ) (GB36600—2018) U6 il -7 1 345 §H{H17, As Hil Pb
PIMEART 395 548, Cd. Cr, Cu, Hg. Ni Fll Zn -3 & 53 T H A §HE, (HR T E SR iEn,

R4 T X R SR S REA G

Table 4 Descriptive statistics of soil heavy metal concentrations in urban-industrial soils

F/ME ICUN(:] FEE i 2 AL F S
Minimum Maximum Mean Standard deviation Coefficient of variation

pH 7.18 8.49 8.09 0.28 0.03
As/ (mg-kg™) 5.62 13.20 7.78 1.36 0.17
Cd /(mg-kg™) 0.09 0.94 0.27 0.20 0.73
Cr/ (mg-kg™) 72.60 142.00 90.48 14.34 0.16
Cu/ (mg-kg™) 23.90 120.00 41.11 18.45 0.45
Hg/ (mg'kg™) 0.01 0.78 0.14 0.13 0.94
Ni /(mg-kg™") 26.70 48.60 35.57 5.04 0.14
Pb/ (mg-kg ™) 0.00 166.00 9.49 34.89 3.68
Zn /(mg-kg™) 0.00 519.00 150.67 101.14 0.67

AR S5 Z %0 (coefficient of variation, CV) A5 22 55 YE 1) FUAE, 1T DL R R AEEHE 10 25 BURE B2,
7T DU M 52 W R AR 1 4 [ A S R/ e R e PR 45000 XA 5 R B 43 2, CV < 0.1 B 55748
5,01 <CV <09 B Ryrh 48 7, CV > 0.9 I ki 2 B2 AR 5 AR 466 4 W0, pH Y72 S R0 0
0.03, M 5548 5, {6 I HL2s ] A8 SR i 2%+ As. Cd. Cr. Cu. Ni # Zn BY7E 5 25070514 0.17. 0.73,
0.16. 0.45. 0.14 F1 0.67, & H 45748 55 He Fl Pb (972 5 R B0 5100 0.94 Fi1 3.68, K im AR EEAR 5. 8 FhEE 42
J8 14738 5 2K /N A Pb > Hg > Cd > As > Zn > Cu > Cr > Ni, R B 23 [A]43 S 10 0] - 38 vh & 4 &8 40 i A
5], 23 ()28 S b 2, T RER S AR TR Sh3G N T 3 Tolk X 4 e rh H 4 Ja 7 i,

2.2 T AR S R Ar AR FRIE

7 ArcMap HVR S B IR {7 32 6) 8 Fil e H 4 J 19 25 18] 0 A AT 4R 1 (181 2) . As BB
G 43 A T DX G T AR X, AT X TG As 5 3, As Y X 32 B AR R e HoA Tl e X Cr,
Hg 1 Ni 7625 (8] 534 b BLAT — 5 B2 B A AR R, ZEBIF 9 X AR L & AR LA X 8. Cr oo R e 25 [A] 1
SRS 5 R SR o A, A7 TR AT X A A0 Tl X SRR AR rp R B AR X 5 i, Cr (R (B X B A v
FEHL T Tk P X Hg A1 Ni G R 7625 (8] b R B 24 R0, Pb su R A AR R, S E XA TR E
it Tl DXCRTER R Tl IX. Cd JTZRAEZS o] b 240K 3 A, o DX 3 o v T A IX 8. Cu TR PH R IX 35
15 TR AR DX 3, I A SR 38 X SO% b 37 H 3t A 09 S (B 53 A . Zn JTERAE A ) L SR oA, 0 DX AR
TR X I,

i T Tl S AP AU —ANEE S P &l 166 mg kg™ B T Tolk AIED 5 Tolk X 43 Pb & A%
FALERARL IR, B iz A AR Po #EA7 X E 2. X He A2 Tolk . s 7 Tl AN g i Tolk X 3 i 48 &
(K 3), AFZER TAL X 3588 4w & i FEOR L B Tolk X -85 & Jm B As Ak, HARE SR
(Cd. Cr, Cu, Hg. Ni fl Zn) & 5 F A E R T2 Tolk ORI & Tl IX, A7 WL Tl o] GE AR % X
T HEE SRS Y BRI —. & Tk X 5 As F s FIE A E K T2 Tk A+ 1T
b, S5 X A HE As (Y28 18] 43 A RAE, 05 Tl A A Tl il RE A As SRR B H 2 ok Y.
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Pb/(mg-kg™)
m <781
= 7.81—24.07
== 24.07—45.55
= 45557157
=71.57—107.36
107.36—165.92
0 410 8201230 1640m N
Cul(mgke ) @0 Zn/(mg-kg ™)
=-2391—34.82 -0.03—91.54
34804084 m=0].5413832
m=40.84—47.23 = 138.32—179.00
=47.23—57.39 179.00—240.00
£157.39—76.95 £2240.00—339.65
76.95—119.84 339.65—518.61
0 410 8201230 1640m 0 410 8201230 1640m
| IS S N E— N | IS S N —
Cr/(mgkg™) Cd/(mg-kg™)
-72.61—86.21 - 0.08—0.20
=g6.21—92.47 = 020—0.26
=92 47—99.00 = 026—0.33
=99.00—107.16 = 0.33—0.44
=107.16—119.13 ©0.44—0.60
119.13—141.98 0.60—0.93
0 410 8201230 1640m N 0 410 8201230 1640m N
| IS S N E— | IS S N —
Hg/(mgkg™) Ni/(mg-kg™)
=001—0.11 -26.70—32.19
=0.11—-0.15 m=32.19—34.33
= 0.15—0.20 == 34.33—36.30
=0.20—0.28 =36.30—38.27
©0.28—0.42 =138.27—41.10
—0.42—0.78 41.10—48.56
0 410 8201230 1640m 0 410 8201230 1640m
| IS IS I E— | IS S N —
B2 LHEE R s ) oA 5
Fig.2 Spatial distribution of heavy metals in urban-industrial soils
o e
2.3 LIEEG)E RPUFIE
Nl A=/
231 HAP TG YRR

55950 A ) e o i — i P 15 e KURS A P b o G A7) ) (GB 36600—2018) 1) Ha
04 TR VAN T8 A5 0 S (ELAH LL, B V5 Yede B A 45 R R (&1 4), P fE¥/NT 0.7, B As, Cd. Cu,
Hg. Ni I Pb 5 4 J& ¥ AR, UMb X 4 38 5 4 8 o 389 AR 2o 2 150 T it 1985 e XU 5 s s o
232 ZHTFLEA T YRHIE

DAt 2 A 1) - 9 PR 5 o e — s 182 FH b = 1985 e XU A 45 vfE (B4 T) ) (GB 36600—2018) 1 )
T &R M e bR A S B, SR TS PR A R WoR, ARG A 5 REB(POEA T
0.07—0.16 Z[a]. NASHE R NG Z5 G5 Y Aa BB A v LR H (18] 5), AF9E IX 3L TR T5 GRS,
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14 10r 4
3 2 osl ¢ ks
& 12 50 &
) E T E
= T o6} =
S 8 S
g1 g B
£ 2 o4t S E
g g \\\\ a 8
[=] =1 B =1
5 ¢ e 1 L
6 0
e C H ~
~ u ~ 08 g . 2
s 80 W T E
ke ch
5 0 0.6 )
£ E =
= 60 R k:
2 B 041 B
g £ N g
5 5 | N §
g 40 go02r g
S S | = ==
L e *
20 0
350 F Zn .
T
%ﬁ 300 | [7777] k2 T\k Chemical industry(25%—75%)
g/ 250 | 3 m HL - Tl Electronic industry(25%—75%)
g Fr i Tolk Food industry(25%—75%)
£ 200 i T 1.SIQRMIUIER Range within 1.5 IQR
L5
% 5ok @ {4k Median line
© HI{H Mean
100 £ - S5 Outliers
3 ANRIZEE b + 3 408 & w Xt b o
Fig.3 Comparison of soil heavy metal concentrations in different-type industrial soils
35-Cd 30 N 60 pp
N 0F N
28F N 1 N
5 § 5 5 400
g 21F \ £ 18} g
=] = =
g \ g g 30
£ 14} § €1t = oL N
T § § or 0k N
§§\\ 1 | 0 1 0 [~ By |
0.002 0.01 002 003 004 005 0.06 0.02 0.1 02
P P Pi
251 As 35~ He 0 Cu
NJ
20+ 28 FN 32
N
g N [N N
5 15t % 521 N 5 24 §
= \ IS3 =3 \
e 2 AN
= 10} \ = 14} = 16
S S S
sk N 8
S 8§ N
0 | \§ = [l | \ S r——
0.20 0.004 0.02 0.03 0.0011 0.0070
Pl PI

B4 LHEESEITER RN TG YR EU i R E
Fig.4 Distribution characteristics of single pollution index of soil heavy metals in urban-industrial soils
233 HIRBURRE
N7 i 2R AR TR B X AIE S X A 09 o 4 S 1 T Qe R AT 2B PR, PR A SR AT AN AT 6 . K
Wi 3 RREEYbr e, WIMEE, Bk T Cd. Pb Al Zn BF-343 BRFEHBCKT 0, HAE SR F
¥y R B /N T 0. M RARFE BT 45 R T LU (18] 6), 38 4 Jm % i SR BB E e 44K T
H: Zn > Cd > Cu > Hg > Cr >Pb >Ni > As, H Ay IR 3R Z 8] As V5 4%, Hir, Zn, Cd F1 Cu 9 R
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3 TS QAR EOE R AR IR AR (£ D), L6 UL B IrEnT L& 1, Zn, Cd A Cu 25 IX
e 2R RS B E SR IR, 55 SR, 125, HFFEIX A L Zn, Cd AT Cu YRR 0]
AE 32 ZE R IR 1~ Tl AT AT A8 B AR Tl
2.4 LMETE G R AT
2.4.1 3 pH IR 4 & A RSBt

e R A S 4 R 2 M) 8 G ZR AT DA R A L 22 T Y OGN B0, A B T R 4 e ok R A BE
PP 4 TC AR I 19 S 3 AR DG, BEAE S W 45 50 3% EAT AR ] 9 ok I i 1R Al 2 20, i T
R [A]— e B A R IR SC R BUE S A5 Y, BRI AT BEA 1 —A0) i 3% 5 nl i, 14 pH 55 Cu Fl Hg 2
(] A 2 AR G, AP Cu A Hg P REAAAE [R] P51, (HJ2 o 4 Ji A 755U 0T PR I 5 45 A [ e I,
VR HTA T B iff— 2 B0 UE. Zn A1 Cd. Cr. Cu. Hg. Pb 2[R S M B 3 IE AR C, n 404 4 = A1 22 1) n]
REAFTE [R] P54, Cr M1 Ni 2 ] 52 10 28 B AR OC, 32 B2 32 sk Al 2 U IR 15 e B 7). Hg 5 HoA T 2R A AH
RAERLAR, AT REH A -3 He A X R o R
242 HT PCA-MLR AU 14 + S5 o 4 o A U Ak A

ik PCA-MLR 32 /RAS R RIF5 X+ 398 v 2% o 463 i 1) 0 A R AR EA T 1 R 2 o0 o0 W e e 46
S5R R (50 8—10, 181 7), AT LR OFFEIX 1 3E d 4 Jm 03O 3 28, 32 iy SRR A3k 68.7%, 5 — F iy
SV SRR N 33.2%, Cr, Cu, Zn, Cd TR # AT, H R m, EE e ibs Tk IX, al 5
G50 N B TP 0% 55— FE i RV SR O 21.1%, Ni Al As HAT B i 3, HLATETs




6 T AE T A5 Yl Ml DX 98 o 4 SR ABURRAE 45 D URUARR A —— L b ¥ T (R AT DX AR Tl DXy 71 1895

ek, R FRFEBCAR, ATIHSE A A SR IE TR A RE BT 5 = 3 s SR R R R R 14.4%, Pb 7EIZ E
B B B s i e, H P A8 S R EOR, A X A AR Tolk DR IX B, 52 NN
SENR LA, AT IA 28 SR N SRy U r A Tl 905 R A 5 2,
P, =0.05%xAs+0.68xCd+0.77xCr+0.75xCu+0.44 xHg +0.11 X Ni+0.12xPb+0.75 X Zn (8
P, =0.75%xAs—-0.02xCd+0.32xCr—0.04 xCu—0.06 x Hg + 0.80 X Ni+ 0.03 x Pb — 0.22 X Zn 9)
P;=0.09%xAs+0.53xCd+0.02xCr—0.04xCu-0.03xHg—-0.43 xNi+0.85xPb+0.36 X Zn (10
3 2 g ST 22 TR AR A R E SO T IR Tl X 38 4 Jm 3 R B9 IR STk (=X 1), 4l
H 58.0%. 6.8% Fi1 35.2%.
Z=0.79%x P, —0.093xP, +0.48x P, (1
Z B TERES TN ESIRITREG S, Py, Py Py 5051 3 4 FE U R .
F5 LI pH M 4R TR B A9 AH M

Table 5 Correlation analysis of soil pH, organic matter and heavy metal concentrations in urban-industrial soils

pH As Cd Cr Cu Hg Ni Pb Zn
pH 1
As 0.178 1
Cd —0.062 0.059 1
Cr —-0.116 0.065 0.585™ 1
Cu -0.410" 0.007 0.315° 0.410™ 1
Hg -0.366™ —0.215 0.142 0.080 0.180 1
Ni 0.050 0.449™ —0.211 0.313" 0.011 -0.211 1
Pb —0.090 0.044 0.376™ 0.130 0.102 —0.059 —0.194 1
Zn —0.199 0.016 0.627" 0.351™ 0.535™ 0.325° —0.223 0.326 1

TE: ** FORTEE R OB 0,01 W FFARIE, * FRTEE I W) 20,050} [a] 12 AH .

Note: **: Correlation is significant at the 0.01 level (2-tailed); *: Correlation is significant at the 0.05 level (2-tailed).
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Fig.7 Loading plots of the three principal components that influenced the variation in urban-industrial soils

3 458 (Conclusion)

(1) 3 Tk IX (RL_E i AT X ) 3% b As #il Pb A4S 2 A% T + 3835 544, Cd. Cr. Cu.
Hg. Ni Fl Zn P38 538 T HAE S, (AL F B ZbrifE. As. Cd. Cu, Hg. Ni #l Pb 4 & & E ¥k
7 o) R P - 49 G XSS 4 4 b M 7 1E 1 (GB 36600—2018).

(2) 3T Tl IX (LA b g 77 AT XA 1)) 4= 38 2R 55 i i i R R 4f, > Z Bli5 Ye i + 45 Cu,
Cd I Zn 55 3 Pl 43 J& 15 Y A OC, ot BBUR BOMX 8, Ak T 875 Je 3 v BETS JKoF (0 < o < DY
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FE B R T 25%, Ab T BTG YK T (1 < Iy, < 2) BIFE RIS KT 4%. RIS R Fi5 Qe85 N
Mg 2 25 A 15 Y 48 BOR b B2 BUEE FlonT LR 4 1 % 3T A R Vs b AT IR, R A RS A
PR

(3) Cr. Cu. Zn, Cd. Hg F1 Pb #E3 T Talk X -3 rb i) AR AT BBV T AR sl il Tl U8 L 2B 1% U
A P Ni Fl As 78 T R s & s AR R, R80T Tl X 4 458 rp AT RSk 5 T 1 33 B Jo F b Bk
{6215 8l PCA-MLR BB AT R UG S s, ORI 7 3244, 2978 93.2%. ASRIRE T, R EL S & &
FEESZ A BE BRI, SR E G Ik T AR Tl A A A BB R, N2 3l 2 A T Tl X 4 4 e A
Wr R FZIRSH .

(4) 2545 NG A8 B AT 71k . MGE Tt 27 25 (8] 43 A7 J7 75 A1 PCA-MLR BB U5 A Afr 1%, % 4 1
VAL - A Jm KU . TR X - e R s ) 25 R B T B L.
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