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Source Apportlonment and Pollutlon Assessment of Sml Heav’y Metal Pollution Usmg

PMF and, RF Model: A CaseﬂStudj? ef a Typical Industrlal Park ‘in Northwest Chlna ,,

GAO Yue! , LU Tong . ZHANG Yun-kai', ZHANG Bo-fian' B'I Sicqi', ZHOU Xu' ZHANG Wei'| CAQ Hong-bin' * |, HAN Zengsyu®*

(1. Facalty of Geographical Science, Beijing Normal Umvexlsny, Bel]mg! 100875, China; 2. Ningxia Ecological and Environmental Monitoring Center, Yinchuan 750004,
Chmd) K |

Abstract Ba%ed on thi@ congentration data of seven heavy metal elemets [ As; 'Cd .Glf Pb, Hg, Ni, and Cr( V) ] in the surface soil of a typical industrial park in northwest
China; the cligtacteristics oftheavy metal pollution in the industrial park were Hnalyzed and the ecological risk and pollution were evaluated using the potential ecological risk
index and ghé index of geo-a.ccumulation. The positive matrix factorization (PMF) model and random forest (RF) model were used for quantitative source analysis, and the
emission data of sampling enterprises and empirical data of the source emission component spectrum were combined to identify the characteristic elements and determine the
emission source category. The results showed that the heavy metals at all sampling points in the park did not exceed the second-class screening value of construction land in the
soil pollution risk control standard for construction land ( GB 36600-2018). However, compared with the local soil background values, five elements, excluding As and Cr,
were enriched in different degrees, presenting slight pollution and moderate ecological risk (RI=250.04). Cd and Hg were the main risk elements of the park. The results of
source analysis showed that the five main sources of pollution were fossil fuel combustion and chemical production sources (33.73%, 9.71%, total source contribution rate of
PMF and RF, respectively; the same below) , natural sources and waste residue landfill (32.40%, 40.80% ) , traffic emissions (24.49%, 48.08% ), coal burning and non-
ferrous metal smelting (5.43%, 0.11% ) , and electroplating and ore smelting (3.95%, 1.30% ). The simulation R* of the total variable of the two models were above 0. 96,
indicating that the models could predict heavy metals well. However, considering the actual situation of the number of enterprises in the park and roading density, the main
pollution sources of soil heavy metals in the park should be industrial sources, and the simulation results of the PMF model were closer to the actual situation in the park.

Key words: heavy metals; source apportionment; positive matrix factorization (PMF) ; random forest(RF) ; industrial park
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Table 1 Determination methods, instruments, method detection limit and measured values of certified reference materials for heavy metals/mg-kg !
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Table 2 Statistics of heavy metal concentrations in soil (n =113)

SGiitHatn As cd Cu Pb Hg Ni cr( V)
FA{E/ mg - kg ™! 9.73 0.34 23.15 31.94 0. 06 49.42 1.36
FrifE2E/mg kg ™! 3.58 0.56 12.33 37.41 0.04 42.16 0.72
5 S Z A 0.37 1. 66 0.53 1.17 0. 69 0.85 0.53
FeRAH/mg-kg ™! 22.40 4.61 85.00 301. 00 0.28 373. 00 2.80
5/ mg kg ™! 11. 50 0.10 20. 90 20. 10 0.02 36. 10 59.7
e/ mg kg ™! 60 65 18 000 800 38 900 5.7

1) Cr( VD) BT 50 3 A 5 1
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Fig. 2 Spatial distribution of enrichment of heavy metals
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Table 3 Index of geo-accumulation of heavy metals

T H As cd Cu Pb Hg Ni Cr
I -0.25 0.34 -0.13 0.02 0.30 -0.04 -0.97

15 YL EEL ¥ U3 &k B B ¥ Xk
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Table 4  Statistics and distribution of the potential ecological risk index of heavy metals
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Table 5  Parameter settings for PMF model

HE SR [ELAEA R?
As strong 9.0 0.997
Cd strong 8.7 0.999 3
Cu weak 8.7 0.288 1
Pb strong 9.0 0.999 8
Hg strong 8.7 0.9999
Ni strong 8.2 0.996 8

Cr(VI) weak 4.2 0.137 13

MRS weak 8.7 0.9633
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