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AbEfact Asseisment% of.tlle soil environmental quality gf fa,lmland and'pollutlon soutce apportionment aﬁe-‘t.he foqhdauon for ensuring national food security and agrlcultural
susispable jde{relopmem as well a5 important prele&[ulslte fd.l the npur%mt to keep olir lan(lp clean. This iludv evaluated the characteristies of heavy metal pollution in farmland soils
in the IYeHow Rl\ er B‘ﬁln from 2000 t0 2023, based on the dqja of heﬁﬂmWoludmg As, Cd, Cr, Cu, Hg, Ni, Pb, and Zn, using the geo-accumulation index method.
Source a}’)pql;ﬁ_. nment was conducted by employing a positive matrix factorization (PMF) model. The probabilistic health risks were evaluated by coupling Monte Carlo simulation with
a human_‘he';hh risk assessment model, and priority pollution sources and elements were identified. The results showed that: (D) the average content of all heavy metals in farmland
soils witﬁn the study area was lower than the screening values specified in the soil environment quality risk control standard for soil contamination of agriculture land (GB 15618~
2018) (pH>7.5). However, the contents of Cd, As, and Zn in the samples exceeded their screening values, with percentages of 21. 69%, 5.56%, and 1. 23%, respectively, with
Cd having the highest rate of exceedance. @) Hg and Cd were moderately polluted, Cu and Pb were slightly polluted , and the other elements were not polluted. () The main sources
of heavy metals in farmland soil were traffic-industrial sources, natural-agricultural sources, industrial-natural sources, and agricultural-industrial sources, with contribution rates of
37.04%, 26.69%, 21.72%, and 14. 5%, respectively. @ Heavy metals in farmland soil posed carcinogenic health risks to adults and children but did not have non-carcinogenic
risks; As and Cd were priority control elements for human health risks, and industrial-natural sources and agricultural-industrial sources were priority control sources in the study
area.

Key words: Yellow River Basin; Monte Carlo simulation; positive matrix factorization (PMF) model; source apportionment; health risk assessment
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Table 1  Background values of soil elements in different provinces in China /mg- kg™’
gE| w(As) w(Cd) (Cr) »(Cu) »(Hg) o (Ni) »(Ph) ®(Zn)
il 14.00 0.14 70.10 22.20 0.02 29.60 25.80 80.30
Hom 12.60 0.12 70.20 24.10 0.02 35.20 18.80 68.50
(S} 11.10 0.09 62.50 21.40 0.03 28.80 30.90 69.40
17 9.80 0.13 61.80 26.90 0.03 32.00 21.40 75.50
7R 9.30 0.08 66.00 24.00 0.02 25.80 15.80 63.50
A 11.40 0.07 63.80 19.70 0.03 26.70 19.60 60.10
e 7.50 0.05 41.40 14.10 0.04 19.50 17.20 59.10
TH 11.90 0.11 60.00 22.10 0.02 36.50 20.90 58.80
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Table 2 Parameter values of health risk assessment model under

the different exposure pathways via Monte Carlo simulation
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Table 3 Slope factor and reference dose of soil heavy metals from different exposure pathways
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Fig. 2 Spatial distribution of soil heavy metal contents in farmland in the Yellow River Basin
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Table 5 Geo-accumulation index of soil heavy metals in farmland soils of different provinces in the Yellow River Basin
mH As Cd Cr Cu Hg Ni Pb Zn
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Table 6  Correlation analysis of heavy metal in farmland soils in the Yellow River Basin

As Cd Cr Cu Hg Ni Pb Zn
As 1
cd 0.609™ 1
Cr 0.312 0.23 1
Cu 0.786™ 0.8417 0.499™ 1
Hg 0.433" 0.226 0.285 0.356 1
Ni 0.849™ 0.535™ 0.251 0.733" 0.405" 1
Pb 0.751" 0.924™ 0.334 0.937" 0.387 0.687" 1
Zn 0.391" 0.552"" 0.126 0.623" 0.102 0.478" 0.586"" 1

1) #3/R P<0. 05, **F /R P<0.01
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Fig. 3 Geo-accumulation index (1, ) of heavy metal in farmland soils in the Yellow River Basin
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Table 7 Carcinogenic health risk assessment of heavy metals in farmland soils in the Yellow River Basin via Monte Carlo simulation
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Fig. 5 Probability distribution for health risk assessment of soil heavy metals in farmland in the Yellow River Basin
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Fig. 6 Health risk assessment from different sources of heavy metals in farmland soils in the Yellow River Basin
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Fig. 7 Sensitivity analysis of health risk assessment of heavy metals in farmland soils in the Yellow River Basin
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