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Abstract: This paper is the result of environmental geological survey engineering.

[Objective] To investigate the contamination characteristics, sources, and ecological risk status of potentially toxic elements (PTEs)
in soils around urban fringe areas. [Methods] Soil samples were collected from 456 surface layers (0-20 cm) around the fringe area
of Tengzhou City, and As, Cd, Cr, Cu, Hg, Ni, Pb and Zn contents were determined. The geo-accumulation index method and
potential ecological risk index method were used to assess the pollution characteristics of urban PTEs, the Absolute Principal
Component Score-Multiple Linear Regression (APCS-MLR) model and Positive Matrix Factorization (PMF) were used to
quantitatively resolve the sources of PTEs pollutants, and the health risk index model was used to assess the risk to human health.
[Results] The ecological risk of surface topsoil is relatively low, Hg pollution is the most serious, and Hg pollution is characterized
by large spatial variations, aggregation of pollution, and serious influence by human activities. Source analysis showed that soil PTEs
in the edge area of Tengzhou originated from natural, industrial, transportation and agricultural sources, which accounted for
39.59%, 29.48%, 25.17% and 5.77% in the APCS-MLR model, and 29.64%, 15.38%, 28.03% and 26.93% in the PMF model. The
human health risk evaluation showed that non-carcinogenic risk for adults was low, the non-carcinogenic risk for children and the
total carcinogenic risk for population were high, and As and Cr had some carcinogenic hazards. [Conclusions] The main source of
surface soil PTEs is the geological background, and attention should be paid to Hg, As and Cr monitoring and treatment. It is
recommended that the monitoring of drinking water resources be strengthened, and that traffic pollution emissions be reduced and

the regulation of factory waste emissions be strengthened.

Key words: surface soil; source analysis; human health risk; potentially toxic elements; environmental geological survey
engineering; Tengzhou; Shandong Province

Highlights: In this paper, the APCS-MLR model and PMF model were combined to analyze the sources of PTEs in soil of the urban
fringe of Tengzhou, and to evaluate the human health risk, which provides a basis for the management of heavy metals in Tengzhou.
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Fig.1 Location map of soil sampling in Tengzhou
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CR BRI AE B, 7E15 3] APCS By LRt I, 451l
LI APCS 145 PTEs % #tAE Ry B AR wt MR AR Sl 7
Zo UL (B 05 43 A, 38 3 0 B 05 3R B R T
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% Fl PTEs JC R 9 & H °F ¥ £& A & ( ADID)
(mg/kg-d ) FELL T AXTTHE.
C; X Ripe xEF X ED

ADI,,, = x107° 7
e BW x AT (7)
C; X Ry X EF X ED
ADI,, = - (8)
PEF x BW x AT
C;xSA X AFx ABS XxEF x ED
ADI,., = BW x AT x10° (9)

Kb, ing FoRFEA M7 25 inh RoR WA FE
filn 7 305 der om B2 Bk T 25 R, RN BRA K,
mg/d; R, =R AR, m’/d; BF 37815 YLd il i i,
d/a; ED /R AR FEHTH], a; BW R AREF- 314
kg AT R FHTE], d; SA KR B2 Ik 2 8% 1H
., cm’; AF 3% 7R PTEs JG % % Mt I+, mg/em’s
ABS 7R BRI 7, Teit g, AU E AR 1
FIm

& F 4G A (HD T 3 7 o = Ffon] 5 A9 42 i

=1 ERXEEESE
Table 1 Parameters for health risk assessment

H b AR

K4 N E AL
Ry 100 200 mg/d
Ry, 20 5 m’/d
SA 5700 2373 cm?
AF 0.07 0.2 mg/cm’

ABS,, 0.03 0.03

ABS, 0.14 0.14

ABS,, 0.04 0.04

ABS,, 0.1 0.1 L

ABS,,, 0.05 0.05 BN

ABS,, 0.35 035

ABS,, 0.006 0.006

ABS,, 0.02 0.02
PEF 1.36x10° 1.36x10° m’/kg
EF 350 350 d/a
ED 26 6 a
BW 70 15 kg
AT 8760 2190 d

I CRIEE A AR k22 i) 2FHAY NCR. X
958 AU (CR) S AN [R] PTEs 3 3: T A 42 g A2 1 v
TE KBS A INTAS A9 . HI A CR B4R N

n n ADIin ADIinh IAI)Ider >
HI = HI = ( e,
Zi:l Zi:l RfDing RfDinh RfDider i
(10)

" CR, =

i=1
> (ADIiy X SFy + ADIiy, X SFyy, + ADl, X SFyer)
(11)

A, RID #£/5 4 PTEs 2% it4; SF #n &
PTEs #PR T 808 KB IR . SF 2% (H
IS g DRI AT BT s A DL SRk (25 8 % RS 2R
2023),

3 4PRETHE

3.1 11E PTEs HI&E4HT

i P T R 31 36 )2 43 PTEs & R 5 45 5 4
F2fm. M AT, As, Cd. Cr. Cu. Hg. Ni,
Pb Fl Zn f)F 34 & & (mg/kg) 435 h 7.9 + 2.64,
0.137 £0.034, 60.3 £ 11.7, 26.2 + 5.2, 0.052 £ 0.05,
269+ 6.2, 24.7+4.3 Fl65.6 + 11.7, 73 & M +
T R A 092, 1.03, 097, 1.15, 1.73. 0.99,
1.04 F1 1.03 4%, 7T U, 4= E IR BT 8 (A RS A, AH
W2 N He & HE &5 W (Jegk 515, 2018; Pedh ot
4,2019) o 5 (CEHEAREE R AR b 4185 YL KU
BPEARE ) (GB15618-2018) 45 B AH L., K& As FlI
Hg 4} PTEs Y5 o v B I IR 45 M

PTEs 78 55 2 % (Coefficient of Variance, CV) &2
— i R B PTEs % £ 55 HlORE B AN AR 54 1) £ 4
Fr, Bk Hg 4P A PTEs 1 CV 4+F 0.17 ~ 0.33, Hg
1) CV A 0.96, #5235 B A2 7 (CV=1), R
Hg 431 U6 BE AR X8 =7, 2B Hg W RESZ A5 3))
SR PR AR T R 2 B) 22 b, R RE S LS RS
YU E S G

)2+ 4 8 1 PTEs 45 A5 1% 1 19 25 [8] 4347 N
& 2 ffin. As. Cd. Cr 1 Ni (&5 8 X A7 T B 4 i
PG A S AR B R L PEAE A, IPE L AIZR
T PR 1L X8 3 ) v AR s U . As. Cd., Cr R Ni %7
A M EN . Cu B E X AL T/ P 4
it AR AL EB L X S B T A XA . Hg 78 M T

CR =
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Table 2 Concentration of PTEs in surface soil of Tengzhou (mg/kg)

/ME [EON! MRS FEE SD cv RHE e J5E R A
As 3.6 32.1 7.5 7.9 2.64 0.33 2.2 14.8 8.6 30
Cd 0.070 0.349 0.134 0.137 0.034 0.25 1.5 5.6 0.132 0.4
Cr 25.4 105.3 59.8 60.3 11.7 0.19 0.1 0.2 62.0 250
Cu 12.9 45.0 254 26.2 52 0.20 0.7 0.5 22.6 50
Hg 0.013 0.582 0.041 0.052 0.050 0.96 72 63.8 0.030 0.5
Ni 12.4 553 26.6 26.9 6.2 0.23 0.4 0.8 27.1 70
Pb 16.6 62.7 243 24.7 43 0.17 2.7 16.9 23.6 100
Zn 38.4 115.2 64.0 65.6 11.7 0.18 0.8 1.4 63.3 200

BRIX A AR P I B 5, AR A E RS B A 1% AR BRI d

JRIG Y. P SR DXL TR IR X R e 8
X IV A2 38 8 B A0 A o Zn e (DX T 1 DU 9 4%
F L AR EREEPY AR DL M AR R HLIX
3.2 ISHAFE
3.2.1 3BT EIBEFN

i M1 T J 121 38 PTEs (1 Leo PR 45 5% (1] 3)
IR, 8 Fl PTEs MY I, TANMFIMEMKIR R As(—0.79)<
Cr(—0.65)<Ni(—0.63)<Cd(-0.57)<Zn(-0.55)<Pb(-0.5
3)<Cu(-0.39)<Hg(0.00), JIr £ ¥ (B F- 2 {H 2 e B
RTIEY . Hg W5 PR ERZFENITTER, 204
33.3%. 5%. 0.6% F1 0.9% A PEA (B )@ T4 |
B E AR V5 Yy, I He 15 n R 45 A 22 57
K, MBS IETS Y. BR As TS5 e B A 1 AbREATE
PrAEAL T BTG GRS AR, Horis Qoo 2 B i
S5 YRS B B BTG Yy, 4 PTEs JUR BB I5 L
AREFEAPEUETE SPEN A 7 HURUCH Cr(0.2%)<
Pb(1.7%)<Zn(1.7%)<Ni(2.2%)<As(3.1%)<Cd(5.2%)
<Cu(9.2%)<Hg(33.3%). M &5 5ok B g M i 1 5
PTEs "' Hg &/ 5, {5 [l JF HA S5 31 fa
B, HOR Cu 59 Rl o A BROBHER B R s 3 58 e
PN N A He 15 G RS 2R I Ll IT RIS
PR 2T i Heg 155y, X2 Cu 15 YRR IE .
3.2.2 HAe & B RIEFEHGRN

t %% 3 0] 1, 8 Ff PTEs 1Y EIF ¥ {f # ¥k
& Hg>Cd>As>Cu>Pb>Ni>Cr>Zn, RI (1) 3 13 {5
128.59, X B WK A WF 5T X3k i A S XU AR . AR,
RI (35 KAE R 842.2, 3¢ B — 2 ib X i) A= 25 XU 3R
W iR o Cd AL RS AL T & 7K, T He A
RS b TS KV o TE BT A SR AE AL, NiL Pb, As,
Cr. Cu Ml Zn WA KBS AR FLAG o T 18% MUFEA
R Cd BHAH RS RE, 1 88% ) He FEAH

PTEs #B E. A 5 KU o 87% WY RBEAS () RI{H /N T
150, RS KEHA. 29 1% A B RUE
KT 150 (H/NTF 300, 26 B A= 25 XURS: Ak T v 45 K
Vo M, A 1% AR RIE AT T 300~600,
TIH 1% WIFEARR RIEKR T 600, ixX 7B A S XU
IR

ST E, B DI R -t DX A 28 U 7K
SR . FUA AT IXORN L ] 120 b IXCR 4R ) A0 4
BEAAEAE P BE 3] 3 B ARG . 9T & 3R, He A Cd 2
WFIE X SR =25 e . X — 25 SR R B, Hg Ml
Cd X AESIIR B G EARE 2N
3.3 1 PTEs EiEf#HT
3.3.1 AR RS HT

fifi B SPSS 22.0 X} &2 3 Y Cr. Cu, As.
Cd. Pb., Zn, Hg 1 Ni & s 17 T # kS it 47
Mro AT PEAE 3 PTEs Z IR Y64, XF 8 Fh PTEs
PEAT T AN 43 M, Pearson A1 5C 2 BUE R ULIE 4.
7 # PTEs(£4E Cr. Cu. As. Cd. Pb. Zn. Ni) Z [H]
B A S 25 /N T 0.01, R HHIX 2L PTEs Z [A] 47 7F
1IEMISE. [REE, 76 Cr. Cu. Ni Al Zn Z [A] -t 22 2]
HARE R IEA DS, AHOCRBUT T 0.65~0.91, H P<
0.01, iX 3B X ¥ PTEs ] g% H [F — 3k U5 .
Hg 55 As. Cd. Cr, Cu Ml Ni 7EGE 1124 %A B
P AH G (7<0.1, P>0.05) . Hg Fl Ni Z [H]FE TR
B 7 A 9 (7=—0.1, P<0.05), B Hg AR IEATH .
HAFE R A, AR T A REIESEHF ST Y PTEs
HAAMPIA R . EMEFRGE PTEs FRIE, BT
Bl 2ROk T2 A
3.3.2 APCS-MLR #£ 7! 547

ASCAH FH SPSS 22 A4 % i 5% IX. 4 8 i A7
KMO(Kaiser-Meyer-Olkin ) 4t i1{H Fil Bartlett’s Bk &
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Fig.2 Distribution of PTEs in soils
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Table 3 Potential ecological risk index in soil

R 3R B/ TR
El,, 37.33 4.19 10.22
Elq 79.32 15.91 33.46
El, 34 0.82 2.01
El, 11.96 2.85 5.27
Ely, 776 17.33 67.22
El; 8.2 1.84 4.2
El,, 12.97 343 5.18
ElL,, 1.75 0.58 1.03

RI 842.2 52.67 128.59

. - 1
As| X
0.8

cd , 1 06
Cr " 1 04
0. @ﬁ’ v 0.2

Hg D.00170.051-0.0890.023 1

Ni| g o o o on1 0.4

Pb |0.46 043 045 043 0.16 048 1 -06

| P OF o o 00is g o7 1 W °°

As Cd C Cu Hg N Zn

Kl 4 113 PTEs f¥) Pearson #H¢ R EUH I

Fig.4 Pearson correlation coefficient matrix for PTEs in soil

KB, KMO {f #1 Bartlett’s 3R BE 6 3648 2051 A 0.804
F10.000, 53X B 8 F' PTEs fE7E — & O AH G, 78
IR 3 5 Kaiser B 1) 1F 28 e % 1 % R+
HATS . gk 4 PR, A BA F s, Rt
T ZTTHCRE N 87.21%. MRIGGLITEER, 55— F s
(PCD iR T HHE 210 33.40%, EETTHRITE N
Cr(0.857) . Ni(0.850) . As(0.838) 1 Pb(0.537); *f

& 4 PCA ST E T iesE H R 5 BE

Table 4 PCA analysis factor rotation component matrix

PCART
PTEs PCI PC2 PC3 PC4
As 0.838 0.084 0.356 0.079
cd 0.229 0.263 0.903 0.064
Cr 0.857 0.386 0.101 —0.089
Cu 0.296 0.904 0.137 0.052
Hg -0.017 0.046 0.072 0.977
Ni 0.85 0.446 0.051 -0.086
Pb 0.537 021 0.392 0.289
Zn 0.289 0.848 0.306 0.066
LRI 2.672 2.009 1.225 1.07
T ZE SRR % 33403 25.113 15.318 13.38
BRI EMRRER/% 33403 58516 73.834  87.213

T E WS PC2 fERE T 25.11% K PTEs 48 5, Hih
Cu(0.972)#1 Zn(0.848) & B = R HEEH 1. 73
—7J5 1, Cd(0.90) #1 Hg(0.977) 43 %2 PC3 Fl PC4
SOETE S

PCl H Cr. Ni fil As (AL E K K. R 37Xt
PTEs FI4EitHi 4, Cr F1 Ni 9 FERE /N T35 54 .
AR, 52 ZBUNT 0.3, WEEE R BE 4 HEIT 0, X 3%
I Cr F1 Ni B2 A R4 T J5A 1) A SR ERE, 52 N R
TGS /N, As IR FFIES Cr A1 Ni 4
AL, HoF AW T4 A 5. A, As 1Y
A ZBOE X EG, S HEA R SRS TER -
HebruE . MATA HGERR, B Cr AN SR
L7 M T R 2 S, 5 RS S A R R
(Nanos and Martin 2012; Liu et al., 2021) . X itt,
PC1 BEfR R H SRR

PC2 B B3 F| Cu Ml Zn MM . ST L3
1) Cu I Zn P& T4 A M el ik
FACH ) Cu il Zn & EH R . X T REZ B TA
b H e e B DR IR L A 25 AR A 2
A5 Cu A1 Zn & (Quet al., 2018) . [HIH, PC2
5 PTEs 4l k64 5

5= F S PC3 WY Cd ELA AR 8 B9 1E 4R A,
O A SRR A A KU . TR, Pb(0.392) A
As(0.356) fF PC3 H 1 IE #3559, X £ PC3 A
% %) Cd BIFE, iR % %) Pb Il As FURZIH . X —
MBS 2 BRI 45 SR — 3K, BD ARG sl 2 ik
A AHE Cd A1 P & AR R A, i 28 38 HEROR
15K UEME S Cd AN P A R [ SRR IR (28745,
2023) o JEMIE— N EURBIIRTT, eI i R TR
A F, WA VFE R ol =K K . 1Ak,
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P TR M Sl B, 38 A8 3 AT, R A A
TR L FF T B BN Y Cd HR B, iX 6] PTEs 5752
WHEZVINER ., FI, PC3 #A N2 PTEs 1Y

550U 3 L4y PC4 1Y He 2 s . He 9 CV
B 00 88 LT 8 1, A 25 AU 7K S v, X R AR
B 534 2 BT AR TG sh B E R . Hg 15 Y4 AE
2™ Ml X R B 3 A7 AE, 50% 1Y He & it T
TofH. LARTAORIFSE e B, RAUTRE A M 2 K 2
YT s X 148 He B9 FERIE . AL T A LA A
SR E B, BT Heg KR HER. 1A,
Hg X HAL AW T T G FErEL
AP, FEAE T RE R T REY . X EeHE 5 Tl
J% Wil 3t 45 Fh s Ae it A 3, i a3 He iE
£ (BFTHESE, 2002; Shi et al., 2018; JKFF R %, 2022)
Rt PC4 #AhJ2: PTEs i Tl R

SE LB, B T 3D Hg A As 98580 7
M T E A EARAE H He A1 Cd A AR 25 KU 4
+-3¢ PTE 1194 25 XUBS Ab T2 S A 3 A 7K, X
SERRZTT 2B T PR PTEs V5%, U4
TR HE—HAESE T X 8 PTEs (Y54 . M2, K
I8 3 AT W, PTEs B34 52 BT 2838 . Tolk ., &
VT SR Bl ) 3 R

TEF ] PCA #5€ PTEs Al REk 5=, i
APCS-MLR #— i BRI S 5B E . 45
BRI, PAEESMHHEZ AR 1L, A R R
F 0.567~0.961, iXUFSL T APCS-MLR £ #4386

(a) As

PCl ‘ffnéfi

T34 PTE, J1-RE AT S b PEA, PTE S IH A9 5Tk o

Kl 5 &8 PCL XF Ni( 71.3%) . Cr(68.2%) .
As(57.4%) F1 Cu(41.4%) 7 12 [ AHXT BT Bk R o
Az, PC2 Xf s PTEs B TTHRR AR T 20%, H
i Cu(18.1%) 1 Zn( 13.0%) %} PC2 1) 57 ik 3 i
fHo PC3 X Cd & iy oiik i K (71.1%) . PC4 X}
+ 4 He SRR (95.6%) . BRI, A
b/ D AN T | S A /8 o | L S R 1
39.59%. 29.48%. 25.17% F1 5.77%. XIES H Rk
TE e FE A FEY ORI, FUO= TR IR

AT E RS2, Cu Ml Zn B2 5 R B /N T
0.2, T B FEARH ) PTE & =K T H K b5
HEo 5 AR T AR L, ol k5 X PTE R
FISZ AR X B /N (< 20%) o XSS5 R LI, T
Hit X R Al B & R, % X 4 35 2 AL T B 5
M5/ o SRR DTHR A3 AT I8 7R, PC3 A1 PC4 X As,
Cu. Pb f Zn BYDTRRIR K . XK, L3P PTEs
Z AR BRI, ANAGHE . Tl AR/ Bk JF & A
HAth N1 5N
3.3.3 PMF £ & 547

R T 2B UE PCA RA#EHT AT APCS-MLR £
TR Y5 By 25 S, ASWF5E 1 PMF A58 X6 AF 5% IX
PTEs #1722 #1217 EPA PMF 5.0 # 44,
THE 45 PTEs A B, 15t Bir A FF i 1y 8 Fil
PTEs AOfE M2 LB R (SIN>1), #8552 “strong”
WAE T 5k 3~6, i2 B IREURIE R G E N
20 W, HINTHCN 4 B, Oggpus/ Qe PUE T FEIF HE

100

80 I

60 L = |

TIHRE %

0 o
As Cd Cr Cu Hg Ni Pb Zn
[EEPC1 EIPC2 COPC3 CPC4

5 3T APCS-MLR B2 14 PTEs [T 510k % (a) HR I TR (b)
Fig.5 Factor contribution (a) and source contribution (b) of PTEs in surface soils based on APCS-MLR modeling
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FRE, £ FE AR PTEs & &2 M K 40 5% 25 7 T
-3~3, PG 45H B, As, Cd, Cr. Cu, Hg. Ni.
Pb A1 Zn 1 & FE R4y % &y 0.849. 0.628. 0.875,
0.915. 0.999. 0.902. 0.691 Fl 0.827, & Cd #i
Pb 4k, H 4 PTEs#l & E RRKF 0.7, X it B
PMF A58 Y5 it B B AR U5 3547, AT DASR U b i
PTEs {5 8.

H# PMF #5520 45 i 00 A~ I F 4 31w 4 R
PMF1., PMF2, PMF3 il PMF4, £ 5 #1415tk
KN U8 T EkE i [ 6 AT %0, PMF1 (Y 32 5 2
PTEs JL £ 4 As. Cr. Ni, 51 #ik K 25l h 57.7%.
41.2% F1 45.8%, % FHI 5 PC1 —F(, PMF1 #
fif Bl H AR R TR . PMF2 % 2 Cd( 60.6%) il
Pb(54.3%), 2T PC3 73#7, PMF2 F 252K 3R A58
WY, PMF3 Y £ fif PTEs JCZ N Hg(78.7%),
H4y PTEs JUE STk R IET 7.2%, Hg Sl
Y RASE AN Tl B ) B HE TS % VT AH OG, PME3 32 Tl
JRAEZIR . PMF4 7= Sk B i 20 f PTEs JGR N
Cu( 48.3%) 1 Zn( 41.8%) , H: & K Cr( 35%) F0
Ni(36.9%), iX 5 PCA 43 PC2 B RL5373 B imi AL
A2 XS TT R SR RE, A2 kAT
4 FAH €, #EI PMF4 5 PC2 MW, 52 4l I 5%
W), AR4E PMF BEAUETEE R, FAR . Tolk, s3SI
LMV IE 50 5 5 Y1 29.64%. 15.38%. 28.03%
F126.93%.,

334 AR Tk
MG B R K&, APCS-MLR #8I R* i [l Ky
@)

PMF4 cd

As
) —
"‘a XCr

PMF2

PN;_:(//\/%

0.567~0.961, PMF #5 A1 R Jii 4 0.628~0.999, 3%
HH R A A AU 5 T (B 05 B, DA AT 4 21
Wl %5, (B 4K | PMF %1% PTEs T4
[ R* ¥J KT APCS-MLR, 1Al PMF A5 Y5 fift b 4%
AL T APCS-MLR 5 #), 7EH+ -, APCS-MLR
FEAUFN PMF AR A5 3 4 4> 3 a0 3R H 4 4
SRR, 43k H AR Tl 28 A AU, AR
RUXT I 3 1853 8y o6 2R FEASHR ], X0 3 o BA
AR5 YL

MG SFEATEE R R, PR RUTE 32 0 10 28 AT
Sy BTG G A7 b FAFAE 25 5. APCS-MLR B!
) SR R T U 5 A 5 1 e R H) 22 R K, 3 il A
SRR (39.59%) FNA VIR (5.77%) o 1l PMF #5574 1)
BTG YL TN [ SRR (29.64% ), 5575 YL T50h Tl
15.(15.38%) , iX —fift Hr 45 - 5 APCS-MLR £ AU fif
Mrefi ARl . H5 PMF #ERY2 jE T 5 A R 45
A7 RN AN AR R AR PR P B B X EAEAE
2554 ¢, PMF A5RS04 A7 WO (B2 4 7 AN o T
S B, e AR o TS A TR A DT R
R AR S TR IR 5 P R AR AR T B T
VEPUE S5 Y 25 554 0% . BN, APCS-MLR #5#!
o Hg (9 32 2R IR R Tl B 20 b A S8 R BR
&, M AE PMF B8 b [ SR U5 He WU AF7E DTk, X
A BE S H e T ] 00 - 49 b R D 1 A A 1 3
PR (L2255 2014), I R RS 254 Sfe 51 it
Brét SR g Gz H, R R AT LUAH B39 0F FTEb 72,
AT 5E X 118 PTEs 75 4 b 45 FA B, o GEAF

(b)

100

As Cd Cr Cu Hg Ni Pb Zn
EIPMF1 0 PMF2 COPMF3 [CIPMF4

& 6 HT PMF B T 1-33 PTEs k2 (a) FSR IR STHk 2 (b)

Fig.6 Factor contribution (a) and source contribution (b) of PTEs in surface soils based on PMF modeling
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FEPL AL B
3.4 NEERXBEITM

i ¢ 50 %0, 8 #' PTEs i HI{H K X K Cr>
As>Pb>Cd>Ni>Cu>Zn>Hg, iX $6{H & B PTEs X} A
B AEEE . XL, #EA PTEs
SRR N AR SR i S A SO 5 i 1) 322 S L T Rz R
% il PTEs Xt B 16 3 (52 i e/ o X BT 75
Jiif PTE B9 HI{E4/NF 1.0, iX B PTE (H3EEL
FER AL Tl 32 K. & F L, rfs # g s
T PTE A9 HIfHAL/NT 1.0 Ak, T As Fll
Cr (19 HI (%, i PTE 0954 HIE (1.23) %& T
WU 1, 75.55% BIFEAR B8 HUES T 1.0, X4k
SR, RS i E R A As A Cr i, LU
REART L Y 3 2500 XU

% 6% 1 T 483 PTE X A 2K 3098 5% i 1
CRH, NEHATLIEH, HA As, Cd il Cr 23U

Y, HEptE® e . MARLE R CRE S50
2.42x107* Al 1x107*, XS AFLEEM F, $ A PTEs
EFEARBEN FERKE, JLEMRAEA
PTEs i CR {E I # T T 1x107* AU S UK . ER
&, JLEE M AL A% A PTEs i CR{EMK K Ny Cr>
As>Cd. Cr & F 230 PTE, X JLZ A1)
CRE 2 51°H 17% F11 99.61%., %46 CR {HHit T
PRI, B Cr X ARIEFRA ERfEHE . As Y
SEH4 CR M I T 1x107° fb5 e B, =W As Xt
NRfE R A BB M EUEE . CR 451K, IF5E
DN AT IR & 5 Cr 1 As FHOCIEIE Y B R
WS, EAWFIT R, WA | A SR R Ak Cr ]
SR N B R . PR RE,
As IR X A fat B i pEUR AR BuE 2 i 2
H FE W) i (Mosallaei et al., 2023) ., JoHEIL#E, B
R ARVR BE 1 As, W25 25 As RUFEIA

x5 TETESRRERMHFHE (HI)

Table 5 Non-carcinogenic risk index of PTEs in surface soils

A JLE

HI,,, HI,, HI,,, HI HI,,, HI,, HI,,, HI
As 4.48x107 6.79x107 1.71x107° 5.18x1072 3.51x10™ 6.65x107 4.06x107* 3.58x10™"
cd 2.25%107 3.41x10°° 3.53x10°° 3.64x10°° 1.76x10°° 3.34x10°° 8.38x10°° 5.19x10°
Cr 3.17x107? 5.04x10™" 2.49x107 5.36x10™ 2.49x10™" 4.94x10™" 5.90x107 7.49x10™"
Cu 1.04x107° 1.56x10™* 5.41x1077 1.19x10°° 8.12x1073 3.94x1077 1.28x10°° 8.13x1073
Hg 2.57x107* 1.36x107* 6.04x1077 3.94x10™ 2.01x107° 1.34x107 1.43%107° 2.16x107°
Ni 2.16x107° 3.18x107* 1.26x10°° 2.48x107° 1.69x1072 8.26x1077 2.98x107° 1.70x107*
Pb 1.09x1072 1.66x107° 1.14x107° 1.26x1072 8.57x107? 1.62x107° 2.71x107 8.76x1072
Zn 3.46x107* 5.24x107° 2.71x107 3.99x107* 2.71x107° 5.13x107° 6.43x107* 2.77x107°

o 4 9.14x107? 5.17x10™" 2.84x107 0.61x107" 7.17x107" 5.06x10" 7.36x107° 1.23

* 6 TEIEZJREMBIERE TFHE (CR)
Table 6 Carcinogenic risk index of PTEs in surface soils
A JLE

CR,, CR,, CR,, CR CR,, CR,, CR,., CR
As 6.91x10°° 1.05x10°° 2.64x107° 1.75x107° 1.35%107° 2.87x10°° 1.57x10°* 1.64x10°°
cd 3.94x10°* 7.37x10°* 2.42x107"° 1.13x10°77 7.71x10°* 1.80x10°® 1.44x107° 9.66x10°
Cr 1.63x10°° 2.08x107* 1.02x1077 2.24x107* 3.20x107° 5.09x107° 6.07x1077 8.35x107°
oy s 2.32x107° 2.18x107* 1.08x107 2.42x107 4.56x107° 5.38x107° 6.24x1077 1.00x107*

4 2Eip DX R AR 1 0 BORE A A7 78 b B2 31 e B2 XU, Hg AN

(1) g N T Ji) 11 2 )22 398 PTEs 119 f v v BE AR
FAFHIE, LIHIRETR AR EAR, LT He &4
e o W I HL 43 A B U B AR T e v, W Hg 25 () 22
SRR K . I« EIFI RIFE WIS X 1% 2+
158 PTEs A 25 AU B4R, HAT AT DX AN EL 30 ] 320 b

Cd JWF5E X =25 94 .

(2) APCS-MLR # 51 1 PMF A5 A1 H73H 510 A
SRR, Tl IR . s R AL TR 4 Ak TR . AF5EIX
PTEs H' As, Cr fll Ni 2252 H SR &K &1 ; Cu
Zn FEZ AP0 ; Cd 1 Pb 3% 3257 1 P 5
Mil; Hg 232 Tk . F4A. Tolk, 388 Fig
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AP EAE APCS-MLR #81H1 5 1A 39.59% ., 29.48% .
25.17% F1 5.77%, 7£ PMF #5845 ol 29.64% .
15.38%. 28.03% 1 26.93%. W JIN5HAH 55 52 1 Hb
A AV 00 R AL, A FH R T R VR 2 A LA Ye ) 28 3E
HERL, R A BRAL A RRHR B I <, iR AL T R
Hef W

(3) 4% A PTEs J& XJ It A HF U4 i e s i I 350
BRI EZFE N . As F1 Cr e R LE =4
i) HI (B4, I B LT A PTEs (16 HI{E(1.23)
Yo T EUE 1, BAFLER R CR {Ei#fid T 1x107
A EEOK T o XS B, Ny A% 4 ] L 1
As Fl Cr Z i, [A] I SN 58 XT >4 b 2R 7K 56 5 i
WeAs, DAREAR T FEAA g XU o
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