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Avrticle info Abstract
Article history Barite mineralization and mining can be a significant source of potentially toxic elements (PTES)

xﬁzﬁﬂi gsog?cze,;sgfgom pollution in soils due to the presence of sulfide minerals. This study deals with the evaluation of soil
Keywords: pollutions and health risk assessment caused by barite mineralization and mining in the mining site of
tb:;:ieéfgﬁseﬂtlé,p;émttiﬂ:]y the Kuh-e-Marghavol, located in the east of Mahabad. Samples of topsoils (sampling depth 0-5 cm) from
index, health risk index, mining and agricultural areas were taken separately. Soil sampling in the mining area (7 samples were
Mahabad. taken) was done systematically perpendicular to the main barite vein. Soil samples of central parts of

agricultural areas (6 samples) were collected from the mining area's downstream. To determine the PTEs

concentration, inductively-coupled plasma mass spectrometry (ICP-MS) was employed. The samples
were digested using the four-acid method, which includes hydrofluoric acid, perchloric acid, nitric acid,
and hydrochloric acid. In the examined samples, the concentrations of the majority of PTEs exceeded
the corresponding values in the worldwide soil average and continental crust composition. Soils from
mining site have a very high enrichment factor for As, a significant enrichment factor for Cu and Ba, and
moderate enrichment for Cd and Mn. Agricultural soils have a significant enrichment factor for As and
moderate enrichment for Mo. According to the individual environmental indices (geoaccumulation
index, pollution factor, Nemerow index) the studied soil samples (mining site and agricultural soils) were
polluted with PTEs especially As, Ba, and Cu. All samples exhibit high levels of pollution based on the
values of the pollution load index (2<PLI<3). Long-term exposure to As, Cr, and Ni in mining site soil,
and to Cr and Ni in agricultural soil, posed significant carcinogenic risks to human health for both adults
and children. There is a considerable non-carcinogenic risk for both adults and children from long-term
exposure to Ba, Cr, Mn, and V in agricultural soils and mining sites.

Introduction barite is frequently found in conjunction with sulfide

Frequently, mining activities, due to extraction of
minerals, have a great impact on the physicochemical and
biological environment (Hassanzad et al.,, 2024,
Tepanosyan et al., 2018). One of the mining activities
that has a major negative impact on the environment is
barite mining. Potentially toxic elements (PTEs) may be
introduced into the soil, water, and plants by barite
deposits and mining activities related to barite mining
(Afolayan et al., 2021; Alizadeh-Kouskuie et al., 2020;
Essalhi et al., 2016). Although, not being carcinogenic,

minerals like galena and pyrite (Lottermoser, 2010;
Melekestseva et al., 2014) that the weathering and
oxidation of these minerals lead to the release of
potentially toxic elements in the surrounding
environment (e.g. Adamu et al., 2015a; Djebbi et al.,
2017; Luetal., 2019).

The current study investigated the effects of mining on
topsoil composition and focused on evaluating the
environmental impacts of PTEs on soils from mining
sites and agricultural a reas surrounding the Kuh-E-
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Margavol barite mine. Despite the fact that there are over
33 active barite mines in Iran (Ganji, 2015), there are
very few environmental research on these deposits and
mines (e.g. (Alizadeh-Kouskuie et al., 2020; Bahmani et
al., 2019).

Materials and Methods

In the Kuh-E-Margavol mine, barite mineralization was
found as a vein type. In accordance with the topographic
slope, topsoil sampling (sampling depth 0-5 cm) has been
conducted systematically from the mining site both
upstream and downstream of the barite veins.
Downstream of the mining area, soil samples were taken
from the central part of agricultural lands. Each
representative soil sample is prepared as a combination
of four sub-samples from the vertices of a two-meter
square grid. Six samples were prepared in the cross-
section direction, one topsoil sample was prepared from
the mining location, and six representative soil samples
were taken from agricultural lands located in the
downstream of the mining site. A square area about 2 x 2
meters is chosen to sample the topsoil for each
representative sample. The top few centimeters of the soil
are removed to clean the sampling site of weeds, leaves,
stone chips, and surface pollution. Sub-samples of the
soil are taken from each corner of the square area and the
center of the selection area. The soil is then mixed and
homogenized as a representative sample and passed
through a sieve with a pore diameter of 2 mm, and the
portion beneath the sieve is saved. They were sent as a
plasic bags to the Environmental Geology Laboratory of
the Geology Department, Urmia University. In the
laboratory, the samples were first dried well at room
temperature for 48 hours and then were powdered to 200
mesh. Prepared samples were sent to the Zarazma
laboratory in Tehran. To determine the PTEs
concentration, inductively-coupled plasma  mass
spectrometry (ICP-MS) was employed. The Soil pH was
measured using the USEPA test method (USEPA, 1998).
In order to investigate the mineralogical composition of
the barite deposits as well as the host rock, 10 thin
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sections were prepared in the Geology Department of
Urmia University.

Numerous environmental indices were employed to
determine the degree of soil pollution, including
individual pollution indices (geoaccumulation index,
enrichment factor, contamination factor, Nemerow
pollution index) and integrated pollution index (pollution
load index, PLI). Both carcinogenic and non-
carcinogenic health indicators were employed for PTEs
in two age groups (adults and children) in order to
evaluate the health risk.

Results and Discussion

In the Kuh-E-Margavol barite mine, barite mineralization
has occurred in the form of veins in the host rock, which
is composed of rhyolite to rhyodacite from the Mahabad
Formation. Based on lithological and mineralogical
studies, the host rock has been severely altered and has
led to the formation of numerous alteration zones in these
rocks. Fe-Mn oxides are common secondary minerals in
the composition of these rocks. The secondary mineral
composition suggests that sulfide minerals, most likely
pyrite and chalcopyrite, are present in the host rock of
barite veins.

The pH of the soils related to barite deposits (mining site
and agricultural soils) is neutral to slightly alkaline. They
have high concentrations of As, Ba, Cu, Cr, Ni, Pb, and
Zn, which are typically higher than the average
composition of the continental crust and worldwide soils.
It is evident by examining the Pearson correlation
coefficient that PTEs have a strong positive correlation
with Ba and with each other. Mining sites and
agricultural soils exhibit high levels of pollution for some
PTEs, including As, Ba, Cu, Mo, and Cd, according to
the results of employing individual pollution indices,
such as the geoaccumulation index, enrichment factor,
pollution factor, and Nemerow index. Using integrated
pollution load index (PLI), revealed high levels of
pollution for all studied sample (mining site and
agricultural soils). In the mining site soils, As and Ba
exhibited moderate potential ecological risk, while the
remaining elements showed low potential ecological risk.
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This index estimated as low potential ecological risk for
all studied samples in the agricultural lands.

In all studied samples, including mining sites and
agricultural soils, Ba, Cr, and V show significant non-
carcinogenic health effects for both adult and child age
groups based on the total non-carcinogenic risk index
(HI). The non-carcinogenic impacts of As is limited to
children age group in all studied samples. For other
PTEs, the non-carcinogenic effects are minimal.

In all study samples, Ba, Cr, and Ni have a high risk of
carcinogenesis and are effective on two age groups:
children and adults, according to the total carcinogenic
risk index. In this sense, As has only significant health
risks in the soils of mining sites for both adult and
children age groups. For all studied samples and two age
groups, other PTEs have medium levels of total
carcinogenic effects after long time exposure.
According to the textural relationships, mineralogy and
geochemistry of the studied soils, a combination of
lithogenic and anthropogenic factors contribute to PTEs
pollution. Potentially toxic elements have been released
due to the alteration of primary minerals, barite
extraction, and the accumulation of mining wastes.

Conclusions

There is a high level of pollution, particularly for Ba, As,
Cu, and Mn, in the mining site and agricultural soils
surrounding the Kuh-E-Margavol barite mine. It appears
that a mix of lithogenic and anthropogenic activity
(mining/agriculture) is responsible for the genesis of
PTEs in the examined soil, based on lithological and
mineralogical investigations as well as the geochemistry
of the soils of the study area. PTEs have been released as
a result of mining activities and the accumulation of
mining waste in the mining region, particularly
downstream of the area under study. Both children and
adults may be at high risk for non-carcinogenic and
carcinogenic diseases if they are exposed to potentially
toxic elements in the study area for a prolonged period of
time.
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Table 1. lists of the environmental indices used to evaluate the health risks and soil pollution in present study.
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Fig. 2. Field photographs of barite veins and their host rock. a) residues of extracted barite vein. The extracted vein's width is several
meters. b) — e) Barite veins with several centimeters wide. In most cases, the host rock has undergone severe alteration and numerous
alteration zones have been developed. f) Fe-oxide veins within barite deposits. g) Deformed barites due to tectonic forces along with
veinlets of Fe-Mn oxides. h) Alteration zones developed in barite host rock. i) Secondary Fe-oxide veinlets within barite host rock.
Brt: barite, Brt V.: barite vein, host r.: host rock, Alt. zone: alteration zone.
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Fig. 3. Polished rock chips and microscopic photos. a, d and g) Host rock samples, this sample contain numerous veins of Fe- oxides
and secondary quartz. In the microscopic images, matrix is fine grained and trachytic texture is visible. b, e and h) The contact of
barite veins with the host rock. A thin layer of secondary Fe-oxides (mainly goethite) has formed at the contact. In the microscopic
images goethite shows colloform texture. c, f and i) Barite vein sample. This sample is highly fractured and contains numerous veins

of secondary Fe-oxides (i.e. goethite and limonite). Qz: quartz, Brt: barite, Gth: goethite, Lm: limonite, Alt. zone: alteration zone,
Host r. host rock, PPL: plane polarized light, XPL: cross polarized light.
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Table 2. Potentially toxic elements concentration and summary of statistical results for the composition of mining site and agricultural soils in the study
area. The composition of continental crust and worldwide agricultural soils are presented for comparison.

Element As Ba Cd Co Cr Cu Fe Mn Mo Ni Pb Vv Zn pH
Mining area
TKS1 100 9483 0.7 8.8 42 650 54947 5436 20.7 19 32 40 63 7.53
PR1TKS1 46.2 1754 0.5 20.4 221 113 51585 2629 0.8 103 24 121 123 7.05
PR1TKS?2 92.8 10000 0.4 19 201 475 66690 4470 3.2 78 28 119 123 7.29
PRITKS3 73.7 10000 0.8 17.4 188 269 58654 3148 1.9 85 31 114 252 7.21
PR1TKS4 100 10000 0.7 20.3 93 841 61417 5339 4.4 34 21 177 65 7.45
PR1TKS5 86.4 7576 0.7 19.5 116 1272 88298 3052 4.8 39 15 224 89 7.03
PR1TKS6 434 9305 0.6 22.6 212 186 61333 2571 15 89 23 153 110 7.26
average 7750 830257 063 1829 15329 54371 63274.86  3806.43 5.33 63.86  24.86 13543  117.86 7.26
cv 28.78 3359 2033 2263 41.93 70.34 17.64 3038  120.56 4710  22.29 39.40 50.45 2.38233
min 4340  1754.00 0.40 8.80 42 113 51585  2571.00 0.80 19.00  15.00 40.00 63.00 7.03
max 100 10000 1 23 221 1272 88298 5436 20.7 103 32 224 252 7.53
Agricultural soils

AGS1 19.5 692 0.3 19.6 227 49 47124 1209 <05 112 18 121 114 7.61
AGS2 19.6 734 0.1 19.3 227 57 47022 1153 <05 115 17 124 105 7.53
AGS3 38.2 1900 0.2 17.7 170 76 50530 1081 0.8 75 23 127 124 7.36
AGS4 475 5225 0.4 22.4 231 86 68089 9332 9.9 111 20 117 101 7.35
AGS5 17.8 802 0.5 18.4 205 45 44158 1093 <05 105 15 111 102 7.57
AGS6 19.7 893 0.4 19.3 209 48 46655 1118 0.6 113 19 115 108 7.41
avearage 27.05  1707.67 032 1945  211.50 60.17  50596.33  2497.67 377 10517 1867 11917  109.00 7-47166
cv 4254 9524 4243 7.55 9.90 25.67 15.89 12238 115.16 1316  13.36 456 730 137452
Min 17.8 692 0.1 17.7 170 45 44158 1081 0.6 75 15 111 101 7.35
Max 475 5225 0.5 22.4 231 86 68089 9332 9.9 115 23 127 124 7.61
Continental crust ** 4.8 624 0.09 17.3 92 28  46500* 1000* 11 47 17 97 67
Worldwide soils*** 0.62 1.1 6.9 42 14 418 1.8 18 25 60 62
Agricultural 0.25 0.17 7.1 22 17 411 0.58 13 18 69 65
Agricultural soils 40 600 5 50 110 200 40 110 75 200 500

*('Yaroshevsky, 2006); ** (Rudnick and Gao, 2003); *** (Clemente et al., 2003); **** (Eriksson, 2001); (Forum of the European geological survey directors (FOREGS), 2005)

O-Y



e GBS 5 e 09l jolie e @l 5 Sogll liee b))

fSan 5 sla s

S 5 wililges [sopily Slo IS pozen S jiie Liie Sl
ool S5 Slllas a5 axg5 L (Gomes et al., 2016) aib b5
Rlo pgaz ;5 o)l jpam aS,) (oS5 o cu)l US04 Ba
Al A (Fdae 0390t Djgls j0 b K alS «olie
755 5 ool GoaraST e 456 sla SIS 4 4 g o3g lu S
Bahrdin, ) i Sllas Gulul 5 0539 ol b aSloass Jrous
FoS Sl ,Fo b slacwnd 1o (2021; Sharifiyan et al., 2021
oS  Com Gemes soeilw S SE (Ol S
CUAS ol Cuie  Sinad 3lg5 0 g0 51 sl 00 snaline
Cod Co g sSIS 5 Zu g Doed s slajls |, M Fe
slsls o (Gomes et al., 2016; Wang et al., 2015) sl
Ba-Cu Ba-Co Ba-As ;o ol 5 cuie  Siod (55)5lis
saalie As-Mn 5 As-Fe As-Cu Ba-S .Ba-Mn Ba-Fe

b yobie ool 6lp ol Lane Silo Wlg oo ol ol 09 oo

S oS5 0 Ol G vezse Lails) e jslaieas

O3t (Smed 51 (65,5LS G S izren 5 (Sase 0dgue
Sl e Jleis] Ll )| (Kiod oy (¥ Jgoz) ol ooliul
w0 lid |y alie b, 5 axly i oS yie Lide oygoren
P (ot oyl eolazul 5,00 5l (Diop et al., 2015)
Jelo 5 9 polie G b3 )| et jolaieds (anome Canny Slalllas
(Safari et al., 2022) uiS o z5 oLls SeS Lyld mo
4 s @Vl St (Siaen gl a5 (g p0lis (ogas (nl 4o
S ol Sy ey S o ol Lane glyls sl Jlezs!
Omeka ) wiws (LaSh (olordssy 13, o b s ol (Soslse
e odgame slaSE o @l 2022; Ayari et al., 2016
Ba- As-S As-Mn As-Cu As-Ba o oV bes Swen
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Table 3. Pearson’s correlation coefficient of heavy metals found in the composition of the soils from the mining site and agricultural

area around the Kuh-e-Margavel barite mine.

Soils from the mining area

As Ba Cd Co Cr Cu Fe Mn Ni Pb Zn S \%

As 1

Ba 0571 1

Cd 0236 0.236 1

Co -0551 -0.229 -0.313 1

Cr -0.769 -0.360 -0.526 0.692 1

Cu 0691 0265 0336 -0.161 -0.697 1

Fe 0284 0190 0105 0.245 -0.159 0.788 1

Mn 0864 0512 0.091 -0.599 -0.748 0.376 -0.153 1

Ni  -0.820 -0.437 -0.464 0594 0.979 -0.800 -0.319 -0.747 1

Pb  -0.665 0.264 0.006 -0.626 0.001 -0.569 -0.700 0324 0.115 1

Zn -0.324 0053 0.219 0.140 0567 -0.49742 -0.175 -0.478 0.613 0411 1

S 0.621 0.795 0615 -0.049 -0.386 0.482 0351 0402 -0455 -0.023 0.212 1

vV  -0.089 -0.056 0.082 0.743 0.139 0.516 0.746 -0.371 0.003 -0.927 -0.121 0.286 1
Agricultural Soils

As 1

Ba  0.920 1

Cd -0.018 0.202 1

Co 0509 0775 0.232 1

Cr -0.151 0.184 0.086 0.744 1

Cu 0978 0876 -0.210 0478 -0.127 1

Fe 0898 0989 0122 0834 0.283 0.868 1

Mn 0791 0965 0.274 0.904 0427 0.745 0.023 1

Ni  -0417 -0.059 0.214 0562 0.923 -0.411 0.023  0.197 1
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Zn 0123 -0.248 -0468 -0585 -0.715 0.144 0247 -0451 -0.773 0697 1
S 0607 0844 0558 0894 0461 0498 0846 0916 0344 0126 -0519 1
V0265 -0.036 -0.918 -0237 -0294 0411 0026 -0.176 -0.488 0619 0718 -0.458 1
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Table 4. The average values of environmental indices, including geochemical indices, ecological risk index,
carcinogenic and non-carcinogenic health risks) of potentially toxic elements in the mining site and agricultural

Kuh-e-Marghavol barite mine.
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