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YA TR ) FH A2 VR B R 3R A7 5 4 S VR A AT 45 SR R L R Cr NiLCu B As R Z 32 4 B 45 H AR E
i, Cd. Pb.Hg . Zn F B2 5 4 8 Ak Tl W5 9 52 mi e 22 A0 SR 32 1043 o0 i 45 ik i A S M ek )
JE 20 4 1 E 4 D T e VR BRI 5T X A R IR 4o AR VER T TR B A R L Tl R Bl AR T SR
5 R, X LAY TN el X i A 398 T 4 iR 5 Y T R TN R BT L 6 224 b - SR RN e s R,

ARAIEGE A Tl Bl 2 P 7 T AR 7 A% G L R T T T S — B U S L AL LT
b BEl X 32 e HJE 1 A R ST G KA 20 B Cr NiLZn, As Cd Fl Pb 6 8 43 & JC 2 10 & J2 HiAe
P 4> A AE B IR VPR S YR B, R 38 FHAE SCE BT VR 28 BT L 4 43T L & APCS-MLR A%
R L Bh 7 1 GBI T DX SR - 8 b 9 4 JE e R EAT T TR AR AT B HOR UL

1 #H57TE

1.1 HEXHR

V97 T T 7 1 AR 3R L J5 K R T 48 2 . AT SR Z) R 7 665 km® P YUEIK 2 295 m. PE T TS
T e S T R R A B A JE K 2 L T 25 K R S 5 DX T T T AR X AR X LA Ak
105 Z BT LABTRR IR =l o 325 AR G877 Mk D IR] & 8 0 77 ol A Jry . G v, 37 e U7 ol 4 A 45 ) L ek 25
BB TRV ZE (B ) At OGAR LR 55 22 AN G, 7 ol A SR 2 A A X AR G R I A S Ab L VE R ER A L
SV T FG K AR BT B BE IR b A2 AR v T E Y X R
1.2 HRRESLHE

AT FE 3T H A5 X 38k T Y 23 8] 50 A R AE
KRG FAED LA 500 m ] BE A 5% R A L 2%
19 S WEI A UL 1)L RE S a] 4 A AR A
N o SR DO 4 T2 B B )1 R B[R] 2 B A8 3l T 2k
AR AT Z I BRAE T LA REKX
e L 208 T8 4 S X R AERZE 0~20 em 19 £
B A ORIV W R AR 5 B 5 DR B 24 500 g 1 FF
PEABHAST AR TS, AR R SR
Jo 3 B L 3 200 H BT (0,074 mm) £ B £
FEZY 200 g, 3% A SC0 = SEATIH il TH R B AR
JERRH 0.05 g HREBCA MR L SRS IR (A
FESLEIMA 2 mL &R 85 IMA 7 mL 7K,
i 30 min J5 R FH R0 0 A kU HEAT I f L T
18 52 RS T AT R TR AR A7 R L B A Hf“ S‘*’Eﬁrmﬁdﬂ*ﬁf—ﬁ
50 mL.E T iICAP QC Hi BHE A 45 B 7 1 i 1% 1) '
(ICP-MS) K5 £ 8 4 8 B & i, SC g0 il B b A28 1 AT AR 48 I 5 i BT (GB WO07401) #E47
ASCA A A R 92 56 o 4 ] o D O o B R o3 A 4 SR 10 T
1.3 ELERRIEMNFHE
1.3.1 TR EOL

B PR R B0 R PR PP AR A 3 rh R T A JE T YR i — RO

P.=C,/S,, (D

b P, N BRI C, OS2I E 4 R B R % i, mg/kgs S, N FHE . mg/kg. ZEFF IR L IET RE
(Cr,70.103Ni,29.60;Zn,80.303 As,14.00;Cd,0.14;Pb,20.90) R4 P, EHHATIEMN bl Ry . <<1. 1 %, Ki5
B (1,2, D205 545 (2,3 ], ML B BTG 545 (3,5 ], V9, EET5 3y s =>5, V 4, B FE TG L.
1.3.2 WY LG 15 Y e B0k

DI 2545 15 Y A8 BOR 7R 25 6 15 Y VR SRS FH )32 L 1T DUA RO B SR B vh 4 25 i 4
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AR,

P, = ()
Krf, P NP LA TS 485, T W P, W F I 8UR K, TR P, HERH 5 48 50r 2

B, TCRWARYE P (ST FRdED <207, T 9. 05945 0.7, 1], T . B is 4 (1,20, T 4. 5%
FETEY (2,3, N TS YL >3, Vg, IS 4L,
1.3.3  H BEBIEEOL

Hi EFRAE Bk e — Fh TR DO A 5 oh 4 B TS Yok OF 1Y E e BT e

~

Ig“":lng(l.TBl)’ (3)
A, 1, i SR BFEH C) O S0 B it 3 i me/ kg B, MW RH . me/ ke, BH FH A LT R

geo

WA T, EBEATIPAN ARAES Y S =0, T 90, s g (0. 1], I 90, B BE s g5 (1, 2, T2, v B Vs 4
(2,30, IV G R HE V5 45 (3047 V G, T BET5 e 5 (4,57, VI T B T5 e 5 5, VI G0 B T BE 75 04
1.3.4  JEAEA 25 KUK 968 B

T TE A 25 XU 18 B0 e 3 o 4 9 A 2 1 PP AN 7 T T2 L BE A R0 B — R R R T B
,r%ﬁ[lﬂ'

RIZE;,Z‘,(T;XCQETix((j;, 4
i=1 i=1 i=1 ~
KX RI A ZIURG GBS E N BRITRIBTE LS X 55, T R aE e b &8 (Cr, 2;Zn,
1:Ni.Pb.5;As,10;Cd.30):C, N B M, C, g S 42 8 it & it mg/ kg C) N 75 5l mg/kg, 5
FH WA T SE 0 O E AR BB M AR IR 1.
F1 BEESRRITNIRE

Tab. 1 Classification of potential ecological risk index
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WS KEIEECE, <40 (40,807 (80,1607 (160,320] =320
A AN KT RI <110 (110,220] (220,440 (440,880 =880
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Wb ) E AR BB LW 3 R X A g A UM, 43 I 4 VRN R N R R A S SN R
_ C X IngR X CF X EF X ED
ing BW X AT

~ C X InhR X EF X ED
mh " PEF X BW X AT

_ C X SA X AF X ABS X EF X ED

ADD X 107°, 5

ADD ) (6)

ADD, B AT X 107", )

LADD,, = ¢ Xf F o dneR E;VLEDM I gR;;“‘l;ijD“d““ ) X 1077, (8)

LADD,, = B H e E D D £ ©

LADD, — C X EF i\ fT\F X ABS (SA d,,g ;CiD ang | OA lé;fDu ;. a0

X, ADD, ADD  F1 ADD, 535035 N2 A I AL R ok 2 fih i A2 10 o 4 J 1 1) B R

mg/(kg « &)sLADD, LADD , Fl LADD, 4353875 JLEE 28 R | IR W AT B R 5 flh i A8 114 o 4
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Hy# g5, mg/ (kg + );C FaAEEEITME, mg/kg. HABAT S 195 SCHUBUE INF sk 2% S1 .

ADD
6 3
HI:Zl:lEjZIHQ, (12)
CR =ADD X SF, (13)
TCR=>, > (R, (14)

K, i HEESEEA, ) WREER HQ R/m I E & mAEBURE N . HI Fm ZME & BT R4 JER
FEAE . HQ << 1 M HI << 1 NFAEAESUE KK . CR b BT 4 J& BUE KK . TCR R B BUE XK . 24 CR <
1E-06 fl TCR << 1E-06 AN{FEAEEUE K. 2% 755 (RFD) ,mg/ (kg + ) FHHEK T (SF), (mg/ (kg » D)) !
14 EUAA DL A S 3= S2.
1.3.6 APCS-MLR #i#l

APCS-MLR #5850 {4 B 5L S 47 32 2020 M7 o AR B4 36 32 o0 IR 74540 4 25 f X B8 IH 745 04 o H
A, R A A T RO AR B EAT 22 T ek I A AT R e L AR [ 2R BIOR 1 45 2K
e et + e 4 AL A R kR

(1) X 08 o o Al Ak 3

Zi’: u j’ (15)

X, Z, HICER O BIER ¢ R R S R AR HEAL AR . C, RICER j RS DS R BT S & mg/ kg
C, 2 TR WFE TR FYME. mg/kgso, RITHE j MhRHEZE.
OORAFHEEFBILEIIA—NRETEN O AN, TR .

0—C. C.
(Z) - J:_ijs (16)

07 o, o,
X, (Z), WILERj BEEE N 0 A NEEA bR HEIL S
(3)i8 JH PCA FE 4373 B ik s SR A% 28 5 b AL AL B8 5 9 175 G4 ) Jo i 3 s A S %o g 19 [R1 - 745 43 1 4 e
YW IC R AR P (APCS) ] LU i B SEAEA 1Y B 4540 5 Z 1Y B3 45 20 R0 D80OR A6 3345 10 % 3 p
2R A B A M AR B LN APCS, MBS A A8 4, 3EAT 22 S0 Mk 1 43 B, 108 5 1] 3 R BOR
UNGIRGE 3100 o 3 g AN Ty

»
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Ao, b, B4R WA BT p FoRE T ARG, UL HESIR B RNG, X APCS, F7
B p X C, [T,

A0 S 5 S 2 0 O T 3 6 A 45 SR T 77 1 9 00 22 76 1 B985 5% 5 2 OB o ik 2 1 4
S 301732 5. B R 0 T 3 S T
| b, X APCS, |
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AR TR % A
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[0, |+ 23 16, XAPCS, |
A8 (1D, n # R 75 YL A K.
1.4 #HELE
3 Excel 2019 4b B 4> J& & 5508, R JH SPSS 25.0 #4740 & VE 40 M7 B 28 00 M A 32 4 20 A, Are-
GIS 10.8 #1725 8] 4 {H 15 3 5 4 J& 43 A R 4iE , Origin 2024 47 R 2.
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2 HREHSH

21 TtEESERERHME
WFFEIX N 6 FhEE 4 I i & B 4R AE L3 2.Cr NiLZn, As . Cd. Pb - {H 40 51~ 86.48.39.77.125.25,
23.70,0.26 1 22.42 mg/kg, W HEE LT FEM 1.23,1.34,1.56,1.69,1.86.1.07 5.6 Fh ot £ F 1
EHYRTHEEE LI REYY  Zo M As SR ¥R T4 I M 4 3835 G XU 7 2B .6 Fh 8 4 J@ T R A8
SREBRKF 2%, Hh Pb AT EER  HRAS MELE TR NEED S, TS ZE K, Z N RHTE %
M ik 0
R2 TEESERESEZIUSM

Tab. 2 Statistical characteristics of heavy metals concentration in soil

JLFE Cr Ni Zn As Cd Pb
KA/ (mg » kg™ 1) 219.38 68.20 371.51 37.11 0.46 27.30
HFe/ME/ (mg + kg™ D) 49.70 28.62 54.76 15.82 0.13 18.06
FXIME/ (mg » kg™ 1) 86.48 39.77 125.25 23.70 0.26 22.42

T e 2% 38.60 9.95 67.37 6.16 0.09 2.76
A5 RE/ % 44.64 25.02 53.79 25.98 37.04 12.30
HIE S SHE/ (mg » kg D) 70.10 29.60 80.30 14.00 0.14 20.90

A FH b A+ 375 G KBS T 2 fH (mg » kg™ D) 250 190 300 25 0.60 170

itk —2 TR ST IX 3 4 JE JT A (] 40 AR RRAE L SR R R R B REE Tk 0 T 4 R T i R AT A (EL o
Br . 45 R A& 2,28 (8] 53 A AR AE 2R Cr NiAT Zn 7EBIF5E X PG g &8 6 4 - As .Cd Al Pb ZEWFSE X AR AL L v 3R AN
VP & 4 P 7ERF ST X AR L8 4 5™ AR 5 X 3ok P o 4 i I 4 o 1 2 ) A A SR L R L, L
P2 AT U0k DL W T = (1) DX PN il 36t ol 2 £ ol 285 4 43 A3 1 v 3 K% 7 g 3 Tl 4 R X, 5 B0 X B 4
Ji HlE 67 e 2 g T A X s (2) ARG AR B A AR A A H AR A T P F R .
22 TEEEREFTEIFN
2.2.1 HEEJETG R

SEBBOTRWPR T YR P, WP E 35 1.23(Cr) 1,34 (Ni) . 1.56 (Zn) . 1.69 (As) |
1.86(Cd) . 1.07(Pb) (WL 3).Cd f75 e ™ 8 A 31.58 % ke i T R R B h s e, H A T E WAETE —
ERERN G R ANE ZE T RIEREITAESELBTER P, 45128 2.38(Cr) 1.79 (N1, 3.45 (Zn) |
2.22(As).2.70(Cd) \1.20(Pb) , & W] Zn HHELEIGY,Cr . As . Cd A HEETG Y, Ni Pd 452 B i5 L.

HEABITE MM RBAE T, D FE 5 —0.38(Cr), —0.20(Ni), —0.10(Zn) ,0.13 (As)
0.22(Cd) \—0.49(Pb) (WLIE 4) , Horfr, As Fl Cd AR =S Y, KR A B SR TR 1, FHEANT 0,
T B L ToTs g X BB X B R 2 B T SRR EE Y As R Cd i5 L.
2.2.2  WEAEA S KU I HE H0k

R B A A 5 KU IE M 45 8 (B Rz KUK H8 8 RT 945 52 (ILIE 5) . AT 40 CroNi.Zn, As #l Pb % E'
fEH/NT 40, T WX L0 2 AY B B RS BR A ez R . Cd B F3 EL {60 55.93 . J8 T b 45 28 28 KU K HL
PROR T o AR A 25 KRS A5 G RE i T Ll 26 26, 7 A5 4 25 XU S5 G R i o EE 58 00 o i 28 28 KU 35 2 R o LE
16 % sRI WM N 88.97 , Az 25 KU 0 IR 2% o AIK A= 245 KU 55 GRE i B 74 00, v A 285 KU, 55 R o
26%0.Cd Ay AR S5 g s T HALE &8t K. 45 L. Cd B 5E X e 4 8 15 e i e on K.
2.2.3  flRRE R AN

9T X+ e 4 Ja AR 2o KUK 25 2R D3k 3,3 PR R R8T AN RULE HI HKRT 1, A1 BUE K.
B—E AR TR AT Cr AAEAESUE KA, AR 5 MES B TR HQ H/NT 1, A FAE AR B0 KK ;
JL# 6 FE 4R ILE P CroAs F1 Pb B9 HQ KT 1, H As J& JL 2 45 S fa FE KU 19 E 2 stmkon £, JL#
REIR R As A bR 5B AR BUR B - T IS XA 98 X As B AR IR 2R s ot JL 38 1 B .
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LE-06 . £7 15 B0 KU As Fil Cd 2 B
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Tab. 3 Non-carcinogenic risk values by three pathways in adults and children

ku =L ZHOHA HQ WA HQ Ik He A HQ HQ HI
A Cr 2.11E-06 1.30E-01 4,82E+00 4.95E+00 5.86E+00
Ni 1.46E-07 8.33E-05 2.46E-02 2.47E-02
Zn 3.06E-08 1.80E-05 1.40E-03 1.41E-03
As 5.80E-06 8.31E-03 6.45E-01 6.53E-01
Cd 1.87E-08 1.10E-05 8.54E-02 8.54E-02
Pb 4.70E-07 2.75E-04 1.43E-01 1.43E-01
JLE Cr 9.99E-+00 7.15E-02 1.41E+00 1.15E+01 4.23E+01
Ni 6.89E-01 4,57E-05 7.19E-03 6.96E-01
Zn 1.45E-01 6.00E-05 4.08E-04 1.45E-01
As 2.74E401 4.56E-03 1.88E-01 2.76E+01
Cd 8.85E-02 6.04E-06 2.49E-02 1.13E-01
Ph 2.22E400 1.51E-04 4.17E-02 2.26E+00
F4 BHAFMIILEIMEETHENKE
Tab. 4 Cancer risk values by three pathways in adults and children
B EEm Z A CR I % A CR Bk i CR CR TCR
PN Cr 0.00E+00 5.37E-06 0.00E+00 5.37E-06 4.65E-05
Ni 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Zn 0.00E+00 0.00E+00 0.00E+00 0.00E+00
As 8.94E-11 1.51E-10 4.10E-05 4.10E-05
Cd 3.92E-12 6.80E-13 1.79E-07 1.79E-07
Pb 0.00E+00 0.00E+00 0.00E-+00 0.00E+00
JLE Cr 0.00E-+00 7.37TE-06 0.00E-+00 7.37E-06 1.14E-03
Ni 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Zn 0.00E+00 0.00E+00 0.00E400 0.00E+00
As 1.06E-03 2.07E-10 2.99E-05 1.09E-03
Cd 4.63E-05 9.32E-13 1.30E-07 4.64E-05

Pb 0.00E+00 0.00E+00 0.00E+00 0.00E+00
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23 FTESELEFEBN
2.3.1 XML

AH S 43 BT BE 8 48 7R AN [R) T R Z 18] 19 P 7
AR, — Bk A G 1 58 1 JC 2 A T AR VR A [A) —
T Yl 5 S EL AT AR B 12 40 B AR 3l A X B AT X
6 ' - 498 5 45 JB 4T Pearson A8 ¢ M40 B (UL 1A
6), A[ A As Fl Cd Z A S 56 Ao &
BIRIEAH G, Cr-Ni-Zn #HE R B & (r=>0.7),
FWIIX 3 Pl 4 J8 = (0] B A A 7] 75 Y U5 A] fg
3 Zn-Pb, Cd-Pb £ & F M & (r>0.5), X
FWIIX 3 P 4 @ AT Re A A LAY TS 4L R T As
55 Al 5 P 4 JE 22 18] A A OC R B /N L Y L 7E
—0.12 3] 0.32 Z ], X EIRE As H5ENTH L
15 YL IR 1) T BE MR AIL.
2.3.2 BESM

RATHT AR08 5 7 1 15 b & ST K () A9 AE AL
PERNZE S A B TR BN OT R Z R 40 1 25 7
AR Ak a3, X T HL i o0 R 09 B RN Ak i 72
AT E B T8 FAE R NR I o b 45 51 (L&
DXE, TR 6 Fp H8EE S )E T Lo R
326:Cr.Zn 1 Ni Hjy—2&,Cd #1 Pb H K —
Z5 . As BN R — 283K — o 2 B 5 A S 1 Ay
BT B S5 18 A I
2.3.3  EWA M

fdi 1 SPSS 25.0 X W58 X L3 6 Flv i 4
J& TTFR B EE HEAT 5T 4 T KMO £ 50 {F 2
0.569>>0.5, Bartlett BRJE B 50 IO HE 4 0.000<<
0.05, R MFFE X+ 6 Fp i 4 8 U E 1 & it
FEZS (0] b AETE BAF 09 A G 1 L 38 A 2R AT 32 L3
GIRTE A B A R (UL 3R 5) LK W bR R AE >
1000/ A~ 4 0 4y B F . 8 2 A T
oy L Fhr i Ak 5 AT 0E 58 e i e i IR i Rt
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Fig.6 Related analysis results
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Tab. 5 Principal component factor loading matrix

TR HF1 HF 2 TR HF1 HF 2
Cr 0.823 0.479 Pb 0.148 0.788
Ni 0.786 0.179 FEAE(E 2.961 1.294
Zn 0.626 0.615 LT/ % 36.63 34.29
As 0.698 —0.255 ity 2 5TEkR/ % 36.63 70.92

Cd —0.032 0.856
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2.3.4 APCS-MLR #8153 #r
i Fl APCS-MLR BB BF 58 X 3P 1) CroNiLZn,As.Cd #il Pb 6 fh i 4 J@ o K0 W kAT T 2 e 4k
PERNE 3B (WL 6) 3T 85 R B, X HE SR T RS R* &4 A AR H Cr 4G R* 4 0.895,Ni
S} 0.606,7Zn 4 0.741,As g 0.497.,Cd 2} 0.700,Pb 4 0.598. 5% As BI#IA R? (0.497) B ARAL , Hidy 5 Fh i 4
JEBICRE LA R ¥IRT 0.5, BNE/SCMME (E/O) 8 1.3 B APCS-MLR #E8 (4 L5 BE 4f . vl 5 B 5.
£ 6 APCS-MLR #EBXRH
Tab. 6 Correlation coefficient of APCS-MLR model

SMHE O/ APCS-MLR 7 LME O/ APCS-MLR 7
G - R -
(mg+kg D FWHEE)/(mg+ kg ) E/O R? (mg-kg ") FHMMEE)/(mg+kg ) E/O R?
Cr 86.84 86.48 1.00 0.895 As 23.70 23.70 1.00 0.497
Ni 39.77 39.77 1.00 0.606 Cd 0.26 0.26 1.00 0.700
Zn 125.25 125.26 1.00 0.741 Pb 22.42 22.42 1.00 0.598

15 WL 53 A Bl B A APCS-MLR AT R STk R (L 8) K+ 1(F D L Cr(44.48 %)
Ni(36.23 %) 5Tk Ry 3, Cr Al Ni E 225 4 7E Tolk e X P 3, AR 4l SCilik[24 1, Cr MINI S E LR T K 82
R TR A RS D HER fb A S R OR A AR A B R XUAR AR R v S R AL A R T
RAEN MG YRS 8 5 b BR AL 2= A8 T R 3T 5 6 SRR R I sk SE 5 42 7E 1 AR - A v 353k A7
FEARR it X — IR R BT M 3 S70) 4 3 0 2 4 R 1 e s MR AL KA, Cr R N A A8 5 38 BIORE XA/
Cr Al Ni (9735 1, 59/ F 0, B2 A RS2 /N, B Cr Fl Ni (95 35 1 35 oK 6 4R FH b+ 398 75 e XU O
PE1H . RIS A BARIE. TR AL 2 I+ 1 2 A R

HF 2 (F2) L Zn (44.13%) 1 Cd
(82.95%0) TTHR M 3, 3X P AN IC 2 3488 1o 75 1 ol Cr O
AR S (L2 2).Cd #l Zn 105 K AE
Sy IR A 4.43 FI3.33 £, 80 |
Zn Ml Cd W2 S RECB K s AR R, R
B P AP OC 2 32 N RS2 ™ 8. Zn Al Cd &
B AR Tl Bl IX P R, Cd L AE Tolk el X
hEE L AR RN, Cd RIS Tk ig
B UIAH G 36 3l o A R R AR A 20}
Herp Cd B AW FZJFEHE P Zn B E E X . . ‘ ‘ ‘ ]
AP T Wy ) AR Tk A it . Ni I AsCd P
R RAE RS TP . & 4 Zn 55 EHIR
YRR, X ER KL Kt R R, & U IS e 4R S U B
*ﬁ%‘%ﬁjﬁﬁ%ﬁi%rﬁﬁt’ % 2 jyj: Fig.8 Source contribution ratios of heavy metals of soil
b A 77 Bl

¥ 3(F3)LL Ni(51.53%) . As(62.17 %) F1 Pb(70.15 %) sk Ky &, A 55 X £ 46 Ni, As #l Pb (973
HHKFHEEE LT FELER 2N EEEET Tl bl X PG5, As A Pb %55 4 F Tk bl X 63,
H R RV RS, S rf P AR Tolk bl X AR IR f e, BARILEB il B A S b BE R 2  E R 2 AR
TS RSy AR R ST X g P 5 R G227 [ 3E A [, v R A Rl B L AT % A L LS £ AR A A 3
TH 6 2R 4 L Ph 2 A8 TG s — A BRI P BRI R AR ST R WL Eh A0 B9 I h 7E
R pe i TR b 2 523 A R R R A N 7P AR S A LR I TR L BE SR PR G, XL B T RE S S B
22 3H 3 FE 5 R Pb R Ni & TR A B R B, As JE R R EORIE T 2 R RO B A S FE 5
W ALFE A R AR 2 8 U BRI L SR E A DA B AR A 3 s B RO 5 X R S A AR R A N A
X % A L WF T X P R A TS K AR BT R L AT DA R F 3 ok S0 9 B AR T B B 25 A TR

60 |
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3 & &

WHoE X 43 6 R G | oC R I F A L S E, Cr.Zn F1 Cd 9742 E%éﬁtiﬁjﬂﬁ 36 %0 ke BE AR
5,32 NG S5 AR L PR BOT M 25 R 3R B Cd 175 YL /8 3 e K IN M B 25 B T e PR B A SR R W Zn
R TG Y M B RUR BOT M 25 R As Cd M Zn FERF T X A7 A — 2 1) 2 ,\,{*}%&w&mﬁ#g%&ﬁmzﬁ
R Cd W FBME R 55.93, AR i g s RI W F-4{E S 88.97 , Az 25 AU S IR 44 5 fadt B XU 3% 1 45 SR 3%
B As A1 Cd 2 30 XU i 32 22 stk oo R IR A AT R . BF 9 IX - 38 v Cr Fl N E%%ﬁ?ﬁ SRIF, Zn F1 Cd
FZRIEF Tl A = 1G s, Pb Ml As F2 2R I8 F 23836 gh-A ol A= 7= 16 sl 1 25 500

Bt 5% B F R (DO1:10.16366/j.cnki.1000-2367.2025.01.12.0001).
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Characterization, health risks and source analysis of soil heavy
metal pollution in an industrial park in Xining City

Lii Rongjiu', Yuan Erjun', Shi Liqun®, Peng Hongming’, Cong Diange'",
Xu Jiandong', Zha Chunlei'*, Qu Hongfei'

(1. a. School of Geological Engineering; b. State Key Laboratory of Plateau Ecology and Agriculture, Qinghai University, Xining 810016,
China; 2. Qinghai Engineering Research Center of Geoenvironment Protection and Geohazard Prevention; Qinghai 906 Engineering

Survey and Design Institute Co. Ltd., Qinghai Bureau of Environmental Geology Exploration, Xining 810001, China)

Abstract: In order to reveal the heavy metal pollution status and sources of soil around an industrial park, 19 soil sam-
ples were systematically collected from the main road of the industrial park and its surrounding soil, and the contents of six
heavy metal elements, Cr, Ni, Zn, As, Cd and Pb, and their distribution characteristics in the soil were analyzed. The quanti-
tative evaluation of the degree of soil heavy metal pollution in the study area was carried out by using the single factor index
method, Nemerow comprehensive pollution index and geo-accumulation index method, while the risk evaluation of soil heavy
metals was carried out by using the potential ecological risk index and health risk assessment; and the source analysis of soil
heavy metals in the study area was carried out by using the related analysis, cluster analysis, principal component analysis and
absolute factor analysis-mutiple liner regression( APCS-MLR) model. The results showed that the levels of six kinds of heavy
metal were beyond the Qinghai Province soil background value, the maximum values of Zn and As were higher than the risk as-
sessment value of soil pollution in farmland, and all the six kinds of heavy metals were enriched in the southwest of the study
area. The evaluation result of single factor index is more serious Cd pollution; the result of Nemerow comprehensive pollution
index is heavy pollution of Zn; the evaluation result of geo-accumulation index is slight to moderate pollution of As and Cd. The
evaluation results of potential ecological risk evaluation index indicated that Cd ecological risk was medium level and the rest of
elements were low level; the comprehensive potential ecological risk was low level; the results of health risk evaluation showed
that there were non-carcinogenic and carcinogenic risks in the study area and the non-carcinogenic and carcinogenic risks of chil-
dren were higher than those of adults. There are three sources of contamination of soil heavy metals in the study area. which
are natural sources(36. 63%), sources of industrial production activities(34.29%) and combined sources of transportation ac-
tivities-agricultural activities(29.08%).

Keywords: soil heavy metal pollution; industrial park; distribution characteristics; pollution assessment; APCS-MLR

model; source resolution

[EEHRK WL XEFE]



X

xS1 EEXKRITFNEREXSHIE
Tab. S1  Value of exposure parameter of health risk assessment model
HE
S8 X A
JL# 'UN
IngR A mg/d 200.00 100.00
CF KR kg/mg 1X1076 1X10°°
ED 7 78 4 IR a 6.00 24.00
EF A 1R MR d/a 350.00 350.00
BW - 249 {4 B kg 15.90 62.10
AT CEZUR SF- 147 5 58 o ] (AR B0 d 6365 2.4X 365
AT (BU#) - 45 % R I 1) RO d 70X 365 70X 365
InhR - W 1 5 m®/d 7.60 20.00
PEF IRAHE T H F m®/kg 1.36X10° 1.3610°
SA 75 B R R TR cm? 2 800.00 5 700.00
AF B2 0 B 2 TR mg/cm? 0.20 0.20
ABS B R TR K] TR 0.001 0.001
xS2 ELESEFE(RSD)MPNERT(SF)BE
Tab. S2 Corresponding reference dose(RfD) and slope factors(SF) values of heavy metals
it H Cr Ni Zn As Cd Pb
R RfD ZIHA 3.00X 1073 2.00X 102 3.00X 107! 3.00X 10 1.00X 1073 3.50X 1073
LRVTIPN 2.86X107° 2.06 X102 3.00X 107! 1.23X10°* 1.00X 1073 3.52X 1073
B 6.00X10°° 5.40X10°% 3.00X 107! 1.23X107* 1.00X107° 5.25X10°*
SF Z A - - - 1.50 6.10 —
LT TN 42 — — 4.30X 1073 1.80X 1073 —
B - — — 15.10 6.10 —

=7 FRoR .



