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Mining activities are among the major sources aiviyemetal input into soils and
can intensify environmental risks in areas surrdéngpanines. This study aimed to
assess soil contamination around the Shahin min&hazand County and to
investigate the spatial distribution patterns cide(Pb) and zinc (Zn). For this
purpose, 24 surface soil samples were collecteidlhadrom around, the mine at a
depth of 0-20 cm. The Kruskal-Wallis test was examing\V (gtions in metal
concentrations across different directionm fr(@ e mine. In addition,
the geo-accumulation index (lgeo), ﬁn i da (CF), and pollution load
index (PLI) were calgglated to @q% &ntamm&thtensity. The results showed
that the meaﬁ\g%%eggati n Pb and Zn in theéysarea were 239.97 and 73.04
mg/kg, reSpegtively. The highest concentrationsPbf (629.12 mg/kg) and Zn
W mg/kg) were observed in the southern gattheéd mine, whereas the lowest
Pb’ (50.30 mg/kg) and Zn (9.64 mg/kg) concentratiovere recorded in the
northwest and east, respectively. The Igeo valoe$b ranged from 1.42 to 5.07,
indicating moderate to extremely severe contamonativhile those for Zn ranged
from -3.45 to 0.32, reflecting unpolluted to slighpolluted conditions. The CF
values for Pb (4.02-50.33) indicated high to vaghltontamination, whereas those
for Zn (0.14-1.88) indicated low to moderate coriteation. The PLI value (2.21)
also confirmed considerable soil contamination hie irea, with Pb as the main
contributor. Overall, soils surrounding the Shatnime, especially near the mine site
and waste dumps, showed significant Pb contamimatidiis contamination is
mainly attributed to mining activities, weatherinfg metallic minerals, and surface
transport of pollutants. Therefore, continuous rtarimg and proper waste

management are essential to reduce environmeskalin the area.
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EXTENDED ABSTRACT

INTRODUCTION

Soil, as a non-renewable resource providing nearly 86%lobal food production, supports life on
Earth through ecosystem services such as supplyingahatesources, biomass production, and
maintaining biodiversity. At present, industrial pollutiondsnsidered one of the most significant
factors contributing to environmental degradation. Theegsige increase in human activities and the
expansion of industrial and agricultural operations in redecades have threatened environmental
health and intensified soil contamination with heavy met8isil plays a key role as a major
component of the environment in sustaining living organidhwdlution from mining activities in
mineral-rich areas creates unfavorable conditionsh sas the release of waste dumps around the
mines, which subsequently contaminates surface anchdnater resources as well as topsoil layers.
This study was conducted with the aim of investigatingeffects of heavy metal pollution resulting
from the Shahin Mine located in Shazand County and exagnthe spatial distribution of lead and
zinc in the surrounding soils.

DATA AND METHODOLOGY

Soil sampling was carried out radially around the mmeight geographical directions and at various
distances. A total of 24 soil samples were collectecthfa depth of 0—20 cm and transferred to the
laboratory for the analysis of soil parameters (FigireAfter chemical digestion of the soil samples,
the concentrations of lead and zinc were measured) @sinatomic absorption spectrometer. The
effects of distance and direction were examined usiag<tluskal-Wallis test. In addition, to assess
the contamination levels of the soils in the study areatarnination indices_including the geo-

accumulation index (Igeo), contamination factor (Cf pallution load ir&dex (Fg\% e calculated.
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Figure 1. The study area and the sampling points CElrcéh:‘ Research findings)

Tables and figures should be placed close after tinsfrréference in the text. All figures and tables
should be numbered with Arabic numerals. Table headingsld be centred above the tables. Figure
captions should be centred below the figures as showigime 1.

RESULTS AND DISCUSSION

In this study, the mean total concentrations of heaeyals Pb and Zn in the soils surrounding the
mine were 239.97 and 73.04 mg/kg, respectively. Tosrgthe contamination levels of lead and zinc
in the soil exceeded the global EPA standard (Pb = 10gngZk = 50 mg/kg). The highest
concentration of lead (629.12 mg/kg) and the highesteutration of zinc (131.38 mg/kg) were



A (] asS CB0 gl )l (ol g ikl Lalib 0 (S WS Ply 5l S g C8ge asud oy
ol o)l g 70U (g

recorded in the southern part of the mine, likely tuenining activities, geological conditions, and
the alignment of this sector with the natural slope oft¢heain. The lowest concentration of lead was
observed in the northwest (50.30 mg/kg), and the lba@scentration of zinc occurred in the eastern
direction (9.64 mg/kg) (Table 1). An inverse relatiopsivas found between distance from the ore
deposit and contamination levels; as the distance frenmihe increased, the concentrations of lead
and zinc decreased significantly (Figure 2).

Table 1. Descriptive statistics of lead and zinc (gikg) in soil along different geographical directios from
the mine (Source: Research findings)

Paramete Directior Minimum | Maximum Mear Standard Deviatic Skewnes | Kurtosis
Lead content South 146.75 629.12 293.27) 173.11 1.917 4.16
West 126 165.12 148.96/ 20.43 -1.331 0
East 87.50 349.50 205.88) 132.81 0.83 0
Northeast | 188.38 405.12 275.960 114.20 1.42 0
Northwest | 50.30 405.12 199.02| 184.24 1.27 0
Southeast | 108.91 287.75 201.22 89.56 -0.29 0
Southwest | 70.44 320.62 210.48) 127.74 -1.00 0
Zinc content South 52.11 131.38 89.24 31.76 0.08 -1.86
West 42.98 58.96 53.19 8.87 -1.@ 0
East 9.64 66.59 37.94 28.48 0.0E& 0
Northeast | 61.45 102.21 75.28 | 23.33 QA3 0
Northwest | 43.72 130.62 83.39 4394 » "\ D[~ 0.75 0
Southeast | 37.42 104.94 63.83+, 36.08,0 1.53 0
Southwest | 47.11 95.65 705 [) 2429 0.20 0
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Figure 2. Comparison of the mean soil lead conceration in different directions (Source: Research
findings)
According to the geo-accumulation index, with a rangelo#i2 to 5.07, the samples fell within the
classes of moderately polluted to extremely polldedlead, and —3.45 to 0.32, corresponding to
unpolluted to moderately polluted for zinc. Based loa tontamination factor, lead showed values
ranging from 4.02 to 50.33, placing it in the categodkkigh to very high contamination, whereas
zinc values ranged from 0.14 to 1.88, correspontbrigw to moderate contamination. The pollution
load index (PLI) was calculated as 2.21 for lead and f@286inc, indicating that soil contamination in
the study area is primarily associated with lead. The diseowtamination indices as tools for
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guantifying soil pollution can help identify envirmental risks as well as trace potential sources of
contamination.

CONCLUSION

Interpretation of the environmental indices indésaglevated lead contamination, primarily influehce

by anthropogenic activities and mining operatioftserefore, continuous monitoring of heavy metal
concentrations in the studied soils, along withsgginent remediation measures, is essential togprote
production resources and ensure food security.
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