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Fig.1 Location of the sampling sites in Shenyang
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Table 1 Ecological hazard assessment indicators for heavy metal(loid)s
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Table 2 Health risk probability assessment model parameters
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JEAs . Cd . Cr . Cu.Hg Ni PbHIZnd 205N
10.00~146.00,0.20~20.90 ,70.30~160.00,29.70~
4 818.00.0.02~4.67 .31.60~430.00,23.50~2 543.007
74.40~7 605.00 mg/kg, ¥IH 7371 4719.74 |3.83 . 86.04
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AT B 2190 9125 [54] PREFBAT IR 12.5% . 9.38% .6.25% . 6.25% . 12.5%F1
SA L 049 023 [55] 3.13%, LA A A = A A [l R
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ABF i 0.001 0.001 [55] JETE A (4 @i 1) 7 s A= 72 7 i A Cu N
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PR 7KV AR Yo aet ot v Aol o <3 Jim il ok 1 /K 55 7 ik
®3 ESBARRENEITGESHRDMSFEE
Table 3 RfD and SF values for heavy metal(loid)s health risk assessment parameters
RID / (mg/(kg-d)) SF / ((kg-d)/mg)
RfD,y, RfDyyr RfDDy, SFig SFyer SFin

As 3.00x107™ 1.23x10™ 3.01x10™ 1.50x10° 3.66x10" 1.51x10'

cd 1.00x10° 1.00x10° 1.00x10° 5.01x10" 2.00%10' 6.30x10°

Cr 3.00x10° 1.23x10™* 2.86x10° 8.50x10° 4.20x10'

Cu 4.00x107 1.20x10°7 4.02x107

Hg 3.00x107* 2.10x10°7° 8.57x10°

Ni 2.00x107 5.40x107 2.06x107 8.40x10™"

Pb 3.50x10°° 5.25x10* 3.52x10° 8.50x10°

Zn 3.00x10™" 6.00x10 6.00x10
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Table 4 Statistics data of heavy metal(loid) contents in site soil, soil background values, and screening values

JLHE /M /(mg/kg) BARAA/(mg/kg) iA/(mg/kg) FHIfHAmg/kg) brif2z WRRB%  LHES R/ (mg/ke)  IHE(E/(me/kg)
As 10 146 127 19.74 25.39 1.29 8.3 20°
cd 0.21 20.9 1.43 3.83 5.83 1.52 0.09 20°
Cr 70.3 160 81.2 86.04 17.61 0.2 612 250°
Cu 29.7 4818 369 72031 1069.31 1.48 20.6 2000°
Hg 0.02 4.56 0.09 0.51 0.94 1.85 0.07 8
Ni 31.6 430 50.7 97.86 107.69 1.1 25.8 150
Pb 235 2543 712 212.08 476.1 2.24 203 400°
Zn 74.4 7605 292 656.57 1377 2.1 64.4 2670°
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i AEIA] L L, [B2a g h) IR, CufiTHg & it 4R h A A 7E
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ARG AR5 4 O et 43 AT Y0 PR 3 5 A A
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T T
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Heavy Metal(loid)s Source Apportionment and Ecological-health Risk Assessment
of a Typical Non-ferrous Metal Smelting Plant

SHUAI Wangcai, LIU Wenqi, MA Liya, CAI Hongming, CHEN Jiubin, YUAN Wei

(School of Earth System Science, Institute of Surface-Earth System Science, Tianjin University, Tianjin 300072, China)

Abstract: Elucidating the concentration and sources of heavy metals in soil at decommissioned smelting plant sites is important for future
soil utilization and ecological function restoration. This study examines typical metal(loid)s (arsenic, cadmium, chromium, copper,
mercury, nickel, lead, and zinc) in soils from the decommissioned Shenyang (China) non-ferrous metal processing factory site. Spatial
distribution of metal(loid)s was characterized through inverse distance weighting interpolation and mathematical statistics. Sources of soil
heavy metal(loid)s were also quantified using principal component analysis (PCA) and positive matrix factorization (PMF) receptor
models. The potential ecological risk index method and health risk assessment model was employed to assess ecological and health risks of
these metals. Results indicated that the mean concentrations of As, Cd, Cr, Cu, Hg, Ni, Pb, and Zn were much higher than the background
soil values in Liaoning Province, China. Notably, Cd and Cu levels were 44.57 and 34.97 times of the provincial background values,
indicating severe contamination. Regions with As, Pb, Zn, Cu, Ni, and Cd concentrations (excluding Hg and Cr) exceeding GB 36600—
2018 standard need to be given special attention. Among the eight metal(loid)s, preliminary correlation and cluster analysis determined that
As, Pb, and Zn derived from an identical source, and Cu, Hg, and Ni originated from another source. In addition, the source of Cd was
related to the aforementioned sources, whereas Cr had a very different source from the other metals. Based on the PCA results, quantitative
analysis via the PMF model suggested that heavy metal(loid)s in soils were primarily derived from zinc and copper smelting activities, fuel
and auxiliary material emissions and natural sources. The ecological risk assessment shows that among the eight heavy metals at the
research site, Cd from fuel and auxiliary materials posed a markedly elevated ecological risk and should be prioritized for prevention,
control and remediation in the subsequent ecological restoration of the site. The health risk assessment indicates that metal(loid)s such as Pb
and Cr emitted from fuel and auxiliary material pose an unacceptable carcinogenic risk to the local population, and therefore pollution
control of heavy metals is required prior to the subsequent site development.

Keywords: heavy metal(loid); PMF; smelting plant; source apportionment; risk assessment



