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Abstract

Original Article

Ahangaran lead-zinc mining area located in the west part of Iran is a mountainous region. In this study, medical
plants and soils from 3 different sites in this area were collected in spring 2012. Soil and medical plants were
analyzed for heavy metals [lead (Pb), zinc (Zn), cadmium (Cd) and copper (Cu)] concentrations using inductively
coupled plasma (ICP) optical emission spectrometer (Varian 710-Es) and the physical properties of soils [(pH) and
electrical conductivity (EC)] were measured. Soil and medical plants of the mineralized zone and surrounding areas
have higher heavy metal contamination (P < 0.05) as compared to the reference site, which can be attributed to
the dispersion of metals due to mining. This high heavy metal contamination may pose potential threats to local
medical plants and soil of Ahangaran region. Furthermore, the concentrations of Pb and Cd in soil surrounding the
mine were higher than the US environmental protection agency (USEPA) standard, and the concentration of Pb in
medical plant species surrounding the mine was higher than the world health organization (WHO) standard for

edible plants (P < 0.05).
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Introduction

The pollution of soil ecosystem with lead (Pb),
zinc (Zn), cadmium (Cd) and copper (Cu), are
considered as global environmental problem.
These metals have both natural resources such as
weathering/erosion of parent rocks and ores
deposits, and anthropogenic resources such as
mining, smelting, industrial emission, waste
water irrigation and application of fertilizers
have all contributed to elevated concentrations
of heavy metals in the environment.1-4

Mining activities have a serious environmental
impact on soils and plants. Moreover, there are
may be safety risks for people working in mines
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or for those living close by the risk of habitat
destruction.> The negative impact of these mining
activities on the surroundings is mainly due to the
presence of high volumes of tailings that usually
have adverse conditions to natural plants
growing on it.> Some plant species can grow in
these severe conditions. High concentration of
heavy metals in medical plants can cause
oxidative stress and stomata resistance.”8 It can
also affect photosynthesis and chlorophyll
florescence processes.® Pb, Zn, Cd and Cu are
potentially poisonous for medical plants i.e.
phytotoxicity results in chlorosis, weak plants
growth, and may even be accompanied by
decrease nutrient uptake, disorders in plant
metabolism, and a reduced ability to fixate
molecular nitrogen.10

Moreover, Cu can inhibit photosynthesis and
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reproductive  processes; Pb can  reduce
chlorophyll production, while Zn stimulates the
growth of leaves and shoots.11-13

The use of plants for medicinal purposes
extends long before recorded history. Mankind
has had no choice but to use medicinal plants in
all ages. Although chemical medications have
developed in the past half century, their harmful
side effects have revitalized inclination toward
herbal medicine. Iran is one of the countries with
the most diversity of medicinal plants due to its
climate diversity. There are more than 1200
herbal species, of which 315 species belong to 71
families and 209 genera. This study aimed to
investigate the contamination of soil and three
medicinal plants growing (Table 1) in
Ahangaran Mine site to Pb, Zn, Cu and Cd. and
calculation of one sample t-test (BCF).

Materials and Methods

The medical plants and soil samples used in this
study were collected from a known metal-
contaminated site located in an urban area,
called Ahangaran lead-zinc mine of Malayer city,
west of Iran (Figure 1). It lies in 34°11' 08" N
latitude and 48° 59' 25" E longitude. The site has
been vacant, with an area of approximately
1,600,000 m2, and is covered mainly by grasses.
Human activities such as mining have
contributed to metal concentrations in this site.
Selected characteristics of the soil samples
collected from this study are shown in table 2.
Samples of soil and plants were collected in
spring 2012. In the study area, three native
medical plant species were randomly collected
from the area surrounding the iron mine. Soil

Table 1. Selected plant species along with their family and local names in the study area

No. Speciesscientificname Abbreviations  Family name Local name
1 Echinophora platyloba  E. platyloba Apiaceae Tighedoragh
2 Achillea millefolium A.millefolium Asteraceae Bomadaran
3 Centaurea cyanus A. cyanus Asteraceae Golegandom
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Figure 1. Location of the study area7
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Site EC (dgmm) pH

Site 1 182.8 7.67
Site 2 328.0 7.85
Site 3 143.2 7.50

Table 2. Soil characteristics of the surrounding area in Ahangaran mine

Ulpts Salinity Soil texture
mg/!

109.5 0.4 loam-sandy
197.6 0.4 loam-sandy

168.2 0.4 loam-clay-sand

EC: Electrical conductivity; TDS: Total dissolvedids

sample was collected up to a depth of 30 cm
from the base of each uprooted plant. Samples
were cleaned from soil and packed in
polyethylene bags and properly marked.
Unmineralized zone (reference site) soil and
plant samples were also collected about 10 km
away from the mineralized sites. Herbarium
sheet of all different plant species was
prepared, identified and taxonomically
classified with help of taxonomist in the
University of Bu Ali Sina, Hamadan, Iran.

Soil samples were air-dried and passed
through a 2 mm sieve before the analysis.
Parameters such as pH and electrical
conductivity (EC) were determined in a soil i.e.
solution ratio 1:5, using a pH meter and an EC
meter, respectively, according to the procedure
adopted form Das and Maiti.! Particle size was
determined by the hydrometer method.?5

For heavy metals determination, soil
samples were ground in ball mill to finer than
200 mesh size. 0.5 g of the finely ground soil
sample was accurately weighed into Teflon®
beaker with cover, 40 ml HF (hydrofluoric
acid) and 10 ml conc. Hydrochloric acid (HCI)
was added, the covered beaker was heated to
130-140° C; to complete attack, the acid was
evaporated then 1:1 HCI was added and the
solution was diluted to 100 ml with double-
distilled water.® Digested soil samples were
analyzed for Pb, Zn, Cu, Cd using ICP optical
emission spectrometer (Varian 710-Es).

Plant samples were washed with double-
distilled water (DDW), oven dried at 70° C and
powdered with electric grinder. Accurately, 2.0
g of plant samples were taken in the pyrex
beaker and digested with mixture of acids
[HNOs (nitric acid), HCIO4 (perchloric acid)]
and aqua regia); and dilute the extract to 50 ml

with DDW, according to the digestion method
adopted from Ryan.?” Digested medical plants
samples were analyzed for Pb, Zn, Cu, Cd
using ICP optical emission spectrometer
(Varian 710-Es).

Statistical analyses of experimental data were
performed using SPSS for Windows (version 18.0,
SPSS Inc., Chicago, IL, USA). Data were tested for
goodness of fit to a normal distribution, using a
Kolmogorov-Smirnov  one-sample test. One
sample t-test was used for the comparison of the
heavy metals in the soil of the contaminated site
to those of the uncontaminated (reference site)
and the US environmental protection agency
(USEPA) standard for heavy metals in soil.’8
Independent t-test and one sample t-test were
used for the comparison of the heavy metals in
the medical plants of the contaminated site to
those of the uncontaminated (reference site) and
the world health organization (WHO) standard
for edible plants,!s respectively.

The ability of plants to tolerate and
accumulate heavy metals is useful for
phytoextraction and phytostabilization purpose
and was measured using bioconcentration factor
(BCF) defined as the ratio of metal concentration
in plant roots to soils [(metal) root/(metal)]
s0il.1?

BCF = metal in whole plant DW (distilled
water)/metal in soil DW.

Results and Discussion

Physical and Chemical Properties of the Soil

As shown in table 2, soils in the surrounding area
of mine were slightly alkaline, with an average
pH of approximately 7.67. The pH conditions
were suitable for plant growth. The average of
EC, were 218 [deci Siemens (dS/mm)]. Besides,
texture of soil was loam-sandy in the site 1 and 2
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and loam-clay-sand in the site 3.

Heavy Metals Concentrations in Soil Samples
Table 3 summarizes the heavy metals
concentrations in soil samples collected from the
contaminated site 1, site 2, site 3 and reference
sites and standards. According to table 3, the
order of heavy metals concentrations in all the
three contaminated sites were Pb > Zn > Cu > Cd.
According to results presented in table 3 and
one sample t-test results in table 4, the Pb, Zn, Cu
and Cd contents in the soil of the surrounding area
of the mine were significantly higher than these
metals concentration in the reference site (P < 0.05).
As shown in table 3, the concentrations of the
studied metals in the soil of the contaminated
sites were higher than USEPA standards for
heavy metals concentration in soil. Table 4 shows
that it was only the Pb and Cd concentrations in
the soil of the surrounding area of the mine that
was significantly higher than the EPA standards.
Rodrigez observed that concentrations of heavy
metals in agricultural and ranges soils

Table 3. Heavy metals concentrations in soil (mg/kg)

Contaminated site

Site 1 Site 2 Site 3 Aver age

surrounding the mine were very high? and also
Ghaderian reported that concentrations of heavy
metals in the soils of Sarcheshmeh copper mining
area (Iran) were significantly higher than those of
non-contaminated soils.!

Heavy Metals Concentrations in Medical Plant
Samples

Table 5 summarizes the heavy metals
concentrations in the medical plants samples,
collected from the contaminated site 1, site 2, site
3 and the reference site. According to table 4, the
order of heavy metals concentrations in all three
medical plants samples was Zn > Pb> Cu > Cd.
The metal (Pb, Zn, Cu and Cd) contents in the
medical plants samples were higher than metals
concentration in the reference site and WHO
standards for edible plants.

As shown in table 6, all the studied metals in
the contaminated sites were significantly higher
than the reference site (P < 0.05). Table 6 also
illustrated it was only the Pb concentration in the
medical plants that was significantly higher than

Soil samples EPA

Reference site standard

Cu 228.¢ 212.¢ 208.t 216.¢ 18.C 20C
Zn 691.( 688.4 504.Z 628.( 134.( 60C
Pk 1754.( 1648.: 2028.( 1810.( 47.C 50C
Cd 12.] 12.7 14.4 13.C 0.2 5

EPA: Environmental Protection Agency

Table 4. One sample t-test results for the comparison of the heavy metals in the soil of the contaminated site with
those of the uncontaminated (reference) site and Environmental Protection Agency (EPA) standard

Metals Com;’;\rison with thereferenpce
Cu 32.84¢ 0.001
Zn 7.98¢ 0.01¢
Pk 15.57¢ 0.00¢
Cd 18.68( 0.00:

Comparison with EPA standard
t P
2.74( 0.111
0.451 0.69¢
11.577 0.003
11.71: 0.007

EPA: Environmental Protection Agency

Table 5. Heavy metals concentrations in medical plants (mg/kg)

Echinophora Achillea Centaurea Averagefor Average for
Metals Contamirlgetlj()ba Contanr?ilr![a?fe(()jllum Contami%a?géjs contaminated  reference b

Site 1 Reference Site 2 Reference Site 3 Reference Site Site

52.C 25.C 74.¢ 30.C 50.2 24.C 59, . .
Zn 392.2 38.( 480.( 50.C 403.( 45.C 425.( 44.C 60.C
Pt 102.( 12.C 158.¢ 16.C 152.¢ 17.C 138.( 15.C 2.C
Cd 4.€ 0.2 4.4 0.2 4.5 0.2 4.4 0.7 0.5

WHO: World Health Organization
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Table 6. Independent t-test and one sample t-test results for the comparison of the heavy metals in the medical
plants of the contaminated site with those of the reference site and world health organization (WHO) standards for

edible plants, respectively

Metals Comparison with reference
t P
Cu 4.017 0.048
Zn 13.665 0.005
Pb 6.813 0.020
Cd 64.000 <0.001

Comparison with WHO standard

t P
0.327 0.757
2.030 0.098
2.600 0.048
1.965 0.108

WHO: World Health Organization

Table 7. Accumulation of Cu, Zn, Pb and Cd in the selected medical plants
Bioconcentration factor (BCF)

Echinophora platyloba

Cu 0.26
Zn 0.65
Pb 0.06
Cd 0.31

Achillea millefolium Centaur ea cyanus
0.36 0.24
0.69 0.80
0.08 0.07
0.29 0.26

Pb concentration in the WHO standard. Del Rio
et al. indicated that plants grown around
Aznalcollar mine in Spain had so much contain
heavy metals such as Pb, Zn, Cu?!' and also
increased heavy metals concentrations in soils
and plants affected by mining activities have
been frequently reported.2

Accumulation of Metals in Medical Plants

Bioconcentration factor (BCF) can be used to
estimate a plant's potential for phytoremediation
purpose. A plant's ability to accumulate metals
from soils can be estimated using the BCF, which
is defined as the ratio of metal concentration in
roots to that in soil. Among the 3 screened plants
Achillea millefolium growing at site 2 had the
highest BCF for Cu (BCF = 0.36; Table 5), though
its total Cu concentration in the plant was
< 1000 mg/kg. Among the 3 screened plant,
Echinophora platyloba growing at site 1 had the
highest BCF for Zn (BCF = 0.65; Table 5), though
its total Cd concentration in the plant was < 1000
mg/kg. Moreover, among the 3 screened plants
Centaurea cyanus growing at site 3 had the
highest BCF for Zn (BCF = 0.8; Table 7).

Conclusion

This paper aimed to investigate the impact of
Ahangaran lead-zinc mine on the heavy metal

pollution of soils and medical plants species.
The obtained results have clearly revealed that
the order of Cu, Zn, Pb and Cd concentrations
in soil and medical plants in all the three
contaminated sites was Pb > Zn > Cu > Cd. The
concentrations of Cu, Zn, Pb and Cd in soil
samples and medical plants species
surrounding the mine were significantly higher
than reference site (P < 0.05). The Pb and Cd
concentrations in the soil samples were
significantly higher (P < 0.05) as compared to
the USEPA standard for soils. In addition, the
Pb concentration in the medical plants was
higher (P < 0.05) as compared to the WHO
standard for edible plants.
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