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Health risk assessment and priority control source analysis of heavy metals from

specific sources in soils of a typical agricultural town
ZHANG Yuqi's, HUANG Ruoyi's GAO Zongjun', JIANG Bing’
(1. College of Earth Sciences and Engineering, Shandong University of Science and Technology, Qingdao 266590, China;
2. Shandong Provincial No. 4 Institute of Geology and Mineral Survey, Weifang 261021, China)

Abstract: Taking Tanfang Town, a typical agricultural town in Shandong Province, China, as the study area, this
study quantitatively evaluated the health risks posed by different sources to human populations and determined the
priority control factors by integrating the positive matrix factorization (PMF) source apportionment model, Monte
Carlo simulation, and health risk assessment model. The results indicated that the average concentrations of all
heavy metals except Pb and Zn in the soil exceeded the background values, with Ni, Hg, Cu, Cr, and Cd showing
high spatial variability. The PMF model identified four major pollution sources, ranked by contribution rate as
industrial activities (50. 36 %), traffic emissions (20.72%), agricultural inputs (20.38%). and fuel combustion
(8.54%). The non-carcinogenic risk for children was significantly higher than that for adults, with a cumulative
probability of 28.72% , exceeding acceptable risk thresholds. All identified sources contributed to non-negligible
carcinogenic risks for the entire population. Industrial activities were determined to be the priority control source,
and Cr was identified as the key risk element. The findings provide a scientific basis for the prevention, control, and
risk management of soil heavy metal pollution in agricultural areas.
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Hg R EK AL, R H R T2 66 3% (Y Catomic fluorescence spectrometry, AFS) #4734, S M4 /&
[ SRRy 95 %6~ 109 Y6 HER B FIVRS 95 5 ¥ 45 4 £ b B PP BLYE DZ/T 02952016 B9 EER™ . Cu.Pb,
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Fig. 1 Schematic diagram of the location and sampling points in study area
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Table 1 Information on relevant parameters for health risk assessment

28 M 23 43 A 5 1 AR L
AR I/ (mg/d) =1 (4, 30, 52) (66, 103, 161)
W AR T,/ (m® /d) P4 14.5 7.5
BB KRTE S, /cm® X B0IE 25 (18 182, 1. 1) (7 422, 1.25)
% K F A,/ (mg/cm®/d) M %-PERT 0.07€0, 0.3) 0.2(0, 3.3)
J R Ui R B A s/ TE R =3 0.001 0.001
OB HE R R B P g/ (m” /kg) J 1.36%x10° 1.36%x10°
BB EL/(d/a) = (180, 345, 365) (180, 345, 365)
BFENT E/a = 24 6
IR E By /kg oy 56. 8 15.9
A I R R C/ (kg/mg) P 0.000 001 0.000 001
SR FERA A L /d T A 909 F 969 F

O . 365X 70 365X 70

TE 455 P RUE D R 20 A 2 8080 7 SUIE CIE A D

Table 2 Reference doses and slope factors of heavy metals

®2 ESESEFENMMNREFY

ZEZH & R/ (mg/ (kg + )

FRHTF S,/ (kg + d/ mg)

HEJR
Z A B R fink LTSN Z A B TR A fih LTSN
Cu 0. 04 0.012 0. 04 — — —
Pb 3.5x10°° 5.25x10 " 3.52x10° 8.5x10 7 - -
Zn 0.3 0.06 0.3 — — —
Ni 0.02 5.4x10° 9x10°° — 4,25 0. 84
Cr 3.00x10° 6X10° 2.86x10° 0.5 2 42
As 3X10°" 1.23%X10° " 1.23X10°" 1.5 3. 66 15. 1
Cd 1.00X10° 1x10°° 1X10°° 6.1 6.1 6.3
Hg 3x10* 2.1x10°° 8.57x10° - - —
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WFoEIX b 8 Rl RS IT A R R 3 frs . & H & J® TR 19 -F Bk B 52 0] 22 &, KT 2« Cr
(106. 02 mg/kg)>7Zn(81. 30 mg/kg) >Ni(54.13 mg/kg) >Cu(27.99 mg/kg) >Pb(18. 41 mg/kg) > As
(7.94 mg/kg)>Cd(0.19 mg/kg) >Hg(0. 038 mg/kg), SILAH HHEH SMEMEL,Pb A As & £ IKK
TH 5ME, 1M Cu.Zn Ni.Cr.Cd il Hg (V3% &40 0l 5o 1. 24,1, 28.,2. 00, 1. 71.1. 42 A 1. 25 f%,
KW LARE S BT RAE AR B, Hrp Ni.Cr fil Cd () BB E LN B2, O ix X 3% 1 1%
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M2 B NIE SR SE B2 . 25 8] 3 AT R AE 43 A (BT 2) SR s Cu NiFE Cr B9 18 VR B IX = 23 A FEF 9T IXOAR
B AR AIPE S s Pb.Zn  As F1 Cd FE4 X712 43 A5, LAVE A8 F0 2R 1 70 e J32RH 0 48 g s Hg W) 32 32 6 B 72 P AF A
PUdb A X,
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Table 3 Statistics of heavy metals in soil

HEE /M / (mg/kg) B KfA/(mg/kg)  F¥ME/(mg/ke) bR 22 C,/% W fH/ (mg/kg)
Cu 6.4 70.0 27.99 11. 81 42 22.6
Pb 3.4 32.6 18. 41 4. 15 23 23.6
Zn 30. 8 190. 9 81. 30 25.04 31 63.3
Ni 16.7 229.2 54.13 34.78 64 27.1
Cr 46.7 297.5 106. 02 43. 34 41 62.0
As 1. 31 16. 88 7.94 2.08 26 8.6
Cd 0.05 0.49 0.19 0.065 35 0.13
Hg 0. 005 0.130 0.038 0.018 47 0.03
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Fig. 2 Spatial distribution of heavy metals in soil
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Fig. 3 Source analysis of heavy metals in soil
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Fig. 4 Probability distribution of health risks for adults and children
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Fig. 5 Source-based health risk probability distribution for adults and children
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Fig. 6 Relationship between heavy metals in soil, pollution sources and human health risks
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