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Abstract The aimn of this/study was to quantitativeljassess thq. ‘human health risks derived from dlfferent exposure paths of heavy

metals in the soil. Zhangqiu county was selected as the sty area, and 425 soil samples were collected to measure the As, Cd, Cr,

Cu, Hg#Ni, Ph, and Zn contents. A descriptive statistical method was used to assess the heavy metal pollution status of the soils, and
the quantitative sources for human health were then determined based on positive matrix factorization ( PMF) and geo-statistical
techniques. The results show that the contents of As, Cd, Cr, Cu, Hg, Ni, Pb, and Zn in the soils exceed background values, but do
not exceed the risk screening values, indicating that there is slight heavy metals pollution in the soil. The sources of heavy metals in the
soil can be divided into three categories. The spatial distribution of Cr and Ni is approximately the same, is similar to the spatial
distribution trend of parent materials, and belongs to natural sources. Cd, Cu, and Zn are controlled by transportation. The spatial
distribution is significantly affected by the location of road lines. The hot spot areas of Hg, Pb, and As correspond to the locations of
the industrial park and the urban area. Industrial emissions and coal combustion increase the accumulation of Hg in the soil, and As,
Pb, and Hg are classified as industrial sources. The contribution rate of industrial source is 41. 85%, with transportation sources and
natural sources being 33. 79% and 24.36%, respectively. The non-carcinogenic and carcinogenic risks under the exposure paths of
hand, breathing, and skin are within the acceptable level. For children, the sources of heavy metals with the largest carcinogenic
(36.53% ) and non-carcinogenic (36.01% ) risks are industrial sources. However, transportation is the largest source of carcinogenic
(34.98% ) and non-carcinogenic (37.06% ) risk for adults. Differential avoidance of heavy metal sources and exposure pathways is
vital to reducing human health risks.

Key words: heavy metals; soil; health risk assessment; positive matrix factorization (PMF) ; geo-statistics
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N ;g,,-f,q 1 EDIL ., \EDLyy A1 EDIgy, 43 513675 T 3
0=22 |, 2 il PP 02 A 3 AR B2 883 W)
! LB R mg- (kg-d) T, C SR R R 4 TR A
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Table 1  Parameters of different exposure paths
" ] Hfl
2 it JL# ON
IR g/ mg-d ™' H e A 200 100
IR /mged ™! HESMAR 7.5 15
EF/d-a”! A TR AR 350 350
ED/a TR R[] 6 30
SA/em? +d ! H % 88 Bz Itk i 1 600 5 000
AF/mg'cm’2 Bz R Zh B 2R %K 0.07 0.2
ABS B I i % 0.001 0. 001
PEF/m? -kg ™! AR 1. 36E +09 1. 36E +09
BW/kg B i 15.9 55.9
AT/d - Y5 ZE AR B[] ED x 365 (|EEUEY)) 70 x 365 (HhH)
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A HQ, F1HI 43BN E AR @ 51 & RS0 R
FZ R RER IR j T 7 A 0 B0 KU SR, RID,
FORTCRAEA R R IER T HEES SN & EDL
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5 YA TS IX S BRoR O R B AR S B DG 2

HHEE ) S A BUE I 2 Bk, HI 8 HQ, <1
R AR 232 2 W) 5 0053, 6 4 HE > 1 BFA
RN A REZ B E A H =10 B B G A e S
L A1 e XU O
R, = EDI, x SF, (9)
R, = >R (10)
K, R, FoRLETF 1 RN 3 Fi 2 67 ik 45
TRAESE 5 Y R A B K, R, WA
BEAR AN ] 1= 438 7 4 J T 284 >R A B0 XU S0 F, ST,
NF BB FNE I 3 Fft 5% 58 34 44 10 S0 KU A
RERK A g (kg-d) ™.

*2 ITESEL£EARRFEIRR RID M SF BUE

Table 2 Values of RfD and SF in different exposure pathways of soil heavy metals

TR RiDzp RiD gy RID SFen SFuay SF e
cd 1. 00E - 03 2.55E - 06 2.50E - 05 ) 7.05 -
Ni 2. 00E - 02 2.30E -05 8. 00E - 04 — 1.02 =] &
Ph 3.50E - 03 3.53E - 03 5.23E -04 — _ — F
Cu 4.00E - 02 — [ 4 4.00E -02 — K — e =
- | 1 F i
Hg 3. 00E - 04 7.66E -05 2. 10E - 05 —+ ¥ 1= Y
As 3.00E - 04 3.83E-06 /|  3.00E-04 15 p 1648 5
Cr /3.00E -03 2/558-05 | % 7750E -05 5.00F - 01+ | 3.29E =02 720
— /" 3.00E -01 Ly /Y SFO0E - 01 ¥ ) y- — A
1) R TARSHR | Y48 J
° = o i ¥ ; F i 7
s ! Il d / f 4| " ol
2 AEEES - 'd BN H As %58 MrEi & s n K 1 EY & T HoIX 3 54,
g WITE i ) R S, e . .
% 7 L) KA R A B A B A (AR
2.1 | fiAPE G AR 2T HT : AT He LR EUE R SUE, Hg TR AT RE A

L 4 TR R A MG R N 3 BTN, £
3erh As .Cd .Cr.Cu Hg Ni Pb Fl Zn & & )4
gt & W B ™ 61.27%. 54.55%. 37.22%.
49.23%. 160. 00%. 40.00%. 4.72% H 26. 04%, {H
A PR T A T b - 45 Y U A A A
#E) (GB 15618-2018 ) FY i (B , 341 76 XU 45 45 {71
FILAN. 13 Cr Fl Hg TGRS R REE &8
aob A T G AU G 8, 28 B AR s 4
JRICE K A AN A BE R FL AR IS AT S, Of

A B A B m SR E R TR, 25 R
(coefficient of variation,CV') =% F o I B s 25 5L
FEEEAYAAXT AN Cr Hg AT Ni 78 S R B (B
i 0.30, Hg iYL 5+ REGAF] 4. 62, 1K 3wy B2 AL 57
(CV >0.36) " U Ji Fil g FE = 2 FH1SF A - 50408 1)
SRR SCHRE 24 T AIAIFSE R B A R RS T &
B FOTR S, W IES . 3R 3 W]
LIE 1, BR As Fl Zn LASMHAR TR 190w BEE I R T
1,40 FIE RS R TR & i 2 B

*3 TEESEHREHERBXIRE mg kg™

Table 3  Descriptive statistics and related standards of heavy metals in soil/mg-kg

-1

WiH As Cd Cr Cu Hg Ni Pb Zn pH
Yi{H 10. 16 0.17 77. 12 29.25 0.08 32.90 26. 60 70.71 7.90
L 4.10 ~17.00 0.07 ~0.46 39.10 ~391.80 12.60 ~69.30 0.01 ~5.66 19.70 ~185.80 13.00 ~74. 10 45.03 ~109. 40 5.36 ~8. 66
EREDE' 10.20 0.16 73.50 28.30 0.04 31.50 26. 00 71.00 7.84
brifE 2 1.86 0.05 24. 87 8.45 0.36 11.31 5.84 10. 40 0.46
TREH 0.18 0.28 0.32 0.29 4.62 0.34 0.22 0.15 0.06
U4 iz 1.42 4.75 68. 68 3.43 208. 84 86. 44 18. 85 1.05 6.21
s £ -0.02 1.29 6. 60 1.36 14.39 7.57 2.72 0.26 -2.10
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Table 6  Results of different exposure routes and total carcinogenic risk assessment
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