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Abstract Concentrations and environmental indices of

18 elements(Al, Ag, As, Au, Bi, Cd, Cr, Cu, Fe, Hg, Mn,

Mo, Ni, Pb, S, Sb, U, and Zn) in 15 top soil samples

(0–20 cm) at Dashkasan epithermal gold mining area,

Kurdistan Province, Iran indicated high Ag, Au, As, Hg, Sb

and Pb pollution reflecting natural mineralization and

mining activity. Also the leaves of two indigenous

medicinal plant species, Ephedra major subsp. procera and

Achillea aleppica, were sampled and analyzed. The results

demonstrated that the mean concentration of Au, Cd, and

Sb in Ephedra and Achillea is higher than the averages in

natural plants in other parts of the world. Calculated bio-

logical concentration factors (BCF) revealed that Ephedra

species is a cadmium accumulator, while Achillea effi-

ciently accumulates cadmium and molybdenum. High

metals affinity for sulfur in soil, low BCF values and rel-

atively low total metals content in plants confirmed that

most chalcophile metals in the analyzed plant species

exhibit low bioavailability and hence pose no immediate

health risk. However, continuous consumption of Ephedra

and Achillea is a potential health threat to livestock and

local population.

Keywords Dashkasan mine � Toxic elements � Soil �
Plant

Introduction

Mining is a major source of environmental trace element

contamination with serious negative impacts on the envi-

ronment and ecosystem (Razo et al. 2004; Chopin and

Alloway 2007; Navarro et al. 2008). Generally, in the

vicinity of mines and ore dressing plants, elements are

unlocked from the host minerals by extraction and benefici-

ation processes like crushing, grinding, leaching and smelt-

ing. Natural weathering processes also accelerate by mining

activities (Adriano 1986; Getaneh and Alemayehu 2006).

Potentially toxic elements in open and partially covered

mine dumps and tailing basins are usually scattered in the

surrounding environment. Therefore, elevated metal levels

commonly occur in the adjacent agricultural soils, food

crops, and drainage systems (Martı́nez-Sànchez et al.

2009).

Some elements are nonessential and deleterious, indi-

cating that even at low concentrations; they are toxic to

both plants and their consumers (Alloway 1990). However,

at low concentrations, some other trace elements (e.g., Fe,

Mn, B, Cu, Cr, Mo, Ni, Se and Zn) are essential for healthy

functioning of plants (Alloway 1990; McBride 1994).

A huge difference in metal uptake between plant species

is already demonstrated in many studies (Archer and

Caldwell 2004; Chopin and Alloway 2007). Moreover,

some plants reveal a special capability in accumulating a

specific element.

Plants are also intermediate reservoirs through which

trace elements from soils, and partly from water and air,

move to man and animals (Kabata-Pendias 2011). Hence

contamination of soils by potentially toxic elements is a

primary concern in the mining sites because of their toxi-

city, persistence, and accumulation in food chains (Donkor

et al. 2005).
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Previous published work concerning Dashkasan mine

are limited (e.g., Boccaletti et al. 1976; Bolourchi 1979;

Rastad et al. 2000; Wilkinson and Bartran 2003; Richards

et al. 2006); environmental assessments are even more

scarce (Sayyareh et al. 2005; Rafiei 2010). The present

study focuses on Dashkasan gold and antimony mining

area, in northwest Iran. Mining operation in Dashkasan

began around 70 years ago and despite several temporarily

cessation of mining activity, it remained to be a potential

source of trace element contamination in the area. This

work mostly deals with the evaluation of possible adverse

effects of 18 major and trace elements (Ag, Al, As, Au, Bi,

Cd, Cr, Cu, Fe, Hg, Mn, Mo, Ni, Pb, S, Sb, U and Zn) on

the quality of soil and two endemic natural plant species in

the study area.

Geological setting

Dashkasan also known as Sari Gunay is the largest known

epithermal gold deposit in Iran (Niroomand et al. 2013).

With 20 km2 surface area, it is located within a latitic to

trachytic volcanic complex, 42 km of Qorveh City in

Kurdistan province. The geographic coordinates are

35�1000300–35�1403000N and 48�0103800–48�0703800E. The

origin of the ore deposit is still a matter of debate. Richards

et al. (2006) argued that Dashkasan gold deposit must be

regarded as a gold-rich porphyry and epithermal Au

deposit associated with high-K calc-alkaline to shoshonitic

magmas. However, Niroomand et al. (2013) suggested that

Dashkasan is a low sulfidation type epithermal gold

deposit.

Stocklin (1968) on the basis of occurrence and distri-

bution of gold deposits and indications has divided

Sanandaj-Sirjan magmatic-metamorphic zone into two

northern (Golpayegan–Naghadeh–Makoo) and southern

(Golpayegan–Sirjan) parts, with the northern part being

richer in gold. The study area (Fig. 1) is located in the

northern sector. Although Dashkasan mine has a history of

Arsenic and antimony mining, nowadays it is mostly

sought for gold.

The outcropped rocks are Jurassic to Quaternary in age

(Richards et al. 2006) (Fig. 1). The plutonic rocks in the

area principally comprise alkaline microgranitoids with

microgranular porphyritic textures. The width and length of

the mineralized veins in Dashkasan mine vary from 3 to

30 cm and 100 to 1000 m, respectively. Gold mineraliza-

tion mostly occurred in the waning stages of an epithermal-

style quartz-pyrite-stibnite-realgar-orpiment veining

(Richards et al. 2006; Niroomand et al. 2013).

The veins are hosted by subvolcanic rocks. The resulting

wall-rock alteration is mostly silicic, choloritic, sericitic,

pyritic and argillic (Rastad et al. 2000; Richards et al.

2006; Niroomand et al. 2013).

Gold mining in Dashkasan involves both open-pit and

underground operations. There is no smelter and the waste

rocks are dumped as heap tailings. Exploration drilling

revealed that the deposit contained 52 million metric tons

(Mt) of oxide mineralization grading 1.77 g/t Au in an area

of 0.72 km2 and to a depth of 350 m (Wilkinson and

Bartran 2003). Important associated elements are

Sb ? Hg ± As ± (Pb ± Zn) (Ghorbani 2013).

Mining has produced huge quantity of waste, among

which are fine-grained ore minerals including arsenopyrite,

and weathering products (Fe-oxyhydroxides, sulfates and

scorodite) (Lescuyer et al. 2003). According to Kurdistan

Meteorological Office report (2013), mean annual precip-

itation is 350 mm mostly in the form of snow. The lowest

and highest average annual temperatures are -0.5 and

25.5 �C, respectively.

Materials and methods

Composite top soil samples (0–20 cm) were collected at 15

locations (Fig. 1). A control sample (No. 16) was also

collected approximately 2 km from the mine quarry.

The soil samples were air dried at room temperature

(about 25 �C) for 2 weeks and then passed through a

0.063 mm polyethylene sieve to remove plant debris,

pebbles and stones.

Soil texture was determined by hydrometry and sieve

analysis (Bowles 1992). Soil classification was carried out

using Folks (1980) classification system. Once the organic

matter was removed, the remaining mineral sample was

weighted and subjected to particle size analysis to determine

sand (2–0.0625 mm), silt (0.0625–0.002 mm) and clay

(\0.002 mm)fractions. The samples were dried for 2 days at

60 �C. The dried soil samples were disaggregated, sieved on

a 10 mesh (2 mm) screen, then quartered, pulverized and

passed through a 120 mesh (\125 lm) sieve.

Soil pH was measured in water with a 1:2.5 soil/solution

ratio after equilibrium for 30 min. For soil digestion,

nominally 0.2 g of each dry sample was mixed with con-

centrated hydrochloric (HCl) and nitric (HNO3) acids and

sealed within a digestion vessel. The vessel was then

placed into a microwave digestion machine and heated to

160–170 �C using microwave energy. After digestion,

distilled water was added to dilute the acid solution and

samples were poured into test tubes.

Soil samples were analyzed for their major and trace

element contents in accredited Acme Analytical Labora-

tories, Vancouver, B.C, Canada using inductively coupled

plasma mass spectrometry (ICP-MS).
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Fig. 1 a Main tectonic zones and Mesozoic–Cenozoic magmatic

belts of Iran (after Alavi et al. 1997; Stocklin 1968) displaying gold

occurrences, prospects, and mines in Iran (modified after Moritz et al.

2006); b geological map showing soil sampling locations at

Dashkasan deposit
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Repetitive and control samples were used to assess the

precision and accuracy, respectively.

To investigate elemental associations among the ana-

lyzed elements in soil, the normality of the data was

checked using one sample Shapiro–Wilks test. The results

show that all parameters in Dashkasan mine are non-nor-

mally distributed in soil samples (significant level 0.05).

Hence, a Spearman rank correlation analysis was applied to

all soil samples using Statistical Package for Social Science

(SPSS v. 19).

The assessment of soil elemental enrichment was carried

out by calculating the enrichment factor (EF) (Loska et al.

2003). EF is the relative abundance of a chemical element

in soil compared to the reference environment (Buat-Me-

nard 1979; Hernandez et al. 2003; Loska et al. 2003; Pekey

2006):

EF ¼ Cn=Crefð Þ= Bn=Brefð Þ

where EF is the enrichment factor, Cn and Bn are average

element concentration in samples and reference environ-

ment, respectively. Cref and Bref are the average concen-

tration of the reference element in soil samples and

reference environment, respectively (Loska et al. 2003;

Pekey 2006). The most common reference elements in

environmental studies are Al, Fe, Si, Ti, Sc, Y, Sc, and Mn

(Eby 2004; Zhang et al. 2007a). In the present study Al was

used as the reference element since it displays low occur-

rence variability and is a major component of the Earth’s

crust. The reference environment adopted in this study is

the concentrations of elements in soil control sample (No.

16). Five contamination categories are commonly recog-

nized on the basis of Enrichment Factor as suggested by

Chen et al. (2007) (Table 1).

Contamination factor was also calculated to assess the

soil contamination using the following formula:

Ci
f ¼

Ci
0 � 1

Ci
n

where Ci
0 � 1 is the mean metal content at sampling sites

and Ci
n is the concentration of elements in Earth’s crust as a

reference value. Four contamination categories are distin-

guished as suggested by Hakanson (1980) (Table 2).

Concentration in local background sample was regarded as

the reference value.

The pollution load index in different samples was also

calculated using the following formula:

PLI ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

CF1 � CF2 � � � � � CFn
n
p

where PLI is the pollution load index, CFs are the con-

tamination factors and n is the number of elements. The

PLI value[ 1 indicates polluted soil, whereas\1 indicates

no pollution (Tomlinson et al. 1980).

Major shrub plants genera in the vicinity of Dashkasan

mine are Ephedra major subsp. procera (C.A. Mey.)

Bornm. (Ephedraceae), Achillea aleppica DC. (Aster-

aceae), Silene conoidea L. (Caryophyllaceae), Centaurea

virgate Lam. (Asteraceae), Askellia corniculata (Regel and

Schmalh.) W.A. Weber (Asteraceae), and a few Species of

Astragalus L. (Fabaceae). Seven samples of Ephedra and

eight samples of Achillea were collected along with soil

samples considering their widespread distribution in the

vicinity of Dashkasan mine and consumption as medicinal

plants. Moreover, theses plant species are used as live-

stock’s fodder in the study area. The samples were rinsed

with deionized water to remove any attached dust and

pollen particles. Damaged parts were removed and the

plants were dried for 14 days at room temperature. 0.5 g of

each dry sample was mixed with concentrated nitric acid

and hydrogen peroxide and sealed in a digestion vessel.

After digestion, distilled water was added to dilute the acid

solution and samples were kept in test tubes.

Plant leaves were analyzed for their major and trace

element concentrations in Acme Analytical Laboratories,

Canada using inductively coupled plasma mass spectrom-

etry (ICP-MS).

Biological concentration factor (BCF) is widely used for

comparing different plants tendency for metal uptake

according to the following equation:

BCF ¼ Cp

Cs

where Cp is the concentration of elements in the above

ground part of the plant and Cs is the total concentration in

soil (Rotkittikhun et al. 2006).

Table 1 Categories of enrichment factor (Chen et al. 2007)

EF range Enrichment

grade

Enrichment level

EF\ 1 1 Without enrichment

1 B EF\ 3 2 Deficiency to minimal enrichment

3 B EF\ 5 3 Moderate enrichment

5 B EF\ 10 4 Moderate to high enrichment

10 B EF\ 25 5 High enrichment

25 B EF\ 50 6 Very high enrichment

50 B EF 7 Extremely high enrichment

Table 2 Categories of contamination factor (Hakanson 1980)

CCF range Contamination level

CF\ 1 Deficiency to minimal contamination

1 B CF\ 3 Moderate contamination

3 B CF\ 6 Considerable contamination

6 B CF Extremely high contamination
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The translocation factor (TF) for metals within a given

plant was calculated by dividing metal concentration in the

stem and leaves to that in the root (Rizzi et al. 2004).

Results and discussion

Environmental geochemistry of epithermal gold

deposits

Epithermal gold deposits also known as shallow high- and

low sulfidation Cu–Au–Ag deposits encompass a large

spectrum of mineral deposits that include high sulfidation-

type Au–Ag–Cu deposits, low sulfidation-type Au–Ag

deposits and subtypes such as hot spring Au deposits bound

to subaerial siliceous sinter (Dill 2010). These terms refer

specifically to the oxidation state of sulfur in the ore-

forming fluid, the chemistry and pH of which is related to

the nature of alteration associated with each type (Robb

2005). Many studies showed that epithermal deposits typ-

ically form at temperatures between 160 and 270 �C and

pressures equivalent to depths of 50–1000 m (Cooke and

Simmons 2000; Hedenquist et al. 2000).

During the reaction between ore-bearing hydrothermal

fluids and wall-rocks, some elements are concentrated in

specific locations to form hydrothermal ore deposits (Zhu

et al. 2011). Table 3 summarizes the main characteristics

of low- and high-sulfidation epithermal deposits.

Geoenvironmental signatures associated with different

parts of epithermal vein deposits are highly variable on all

scales due to well-developed spatial zonation within vein

and alteration mineral assemblages (Plumlee et al. 1995a).

Based on the sulfidation state of hydrothermal gold

deposits, their potential environmental effects are different.

In high sulfide type epithermal gold deposits, central

advanced argillic zone has iron-, copper-, and arsenic-rich

sulfide and sulfosalt minerals with high acid generating

capacity (pH 1.5–3) which contains high abundance of

toxic metals (Plumlee et al. 1995b). These deposits are

hosted by felsic volcanic rocks, generally intrusions or lava

domes that have low acid buffering capacity (Berger 1986).

Predominant downstream signatures include elevated

abundances of acid, iron, aluminum, manganese, and

copper. Iron and aluminum form hydrous oxide precipitates

as a result of dilution by downstream tributaries, and help

sorb some of the dissolved metals (Smith et al. 1995).

The low sulfide type Au deposits are associated with

bimodal (basalt–rhyolite) volcanic suites, silicic to inter-

mediate and alkali volcanic host rocks (Henley 1991). In

many districts, host volcanic rocks are altered to propylitic

assemblages, including chlorite, epidote, calcite, and albite.

Therefore, waters interacting with the ore deposit are

generally non-acidic, likely due to the low sulfidation

system, as well as the limited extension of the ore veins and

the weathering of silicate rocks (Biddau and Cidu 2005).

The nonacid environment does not favor the mobility of

elements associated with the mineralization, such as Cd,

Co, Ni, Pb, Zn, and As (Plumlee et al. 1995a). In addition,

Biddau and Cidu (2005) reported that aqueous transport of

these elements seems to be limited by the precipitation of

ferrihydrite, which is able to reduce or remove these ele-

ments, particularly As, from solution.

Elements in soil

Hydrometery and sieve analysis showed that on the basis of

Folk’s (1980) classification soil texture in the study area is

mostly poorly sorted muddy sand. Since the exposed

lithologies surroundings the Dashkasan ore deposit is pre-

dominantly felsic to intermediate volcanic rocks (dacitic

and rhyodacitic domes) and, to a lesser extent, metamor-

phic and sedimentary, it is not surprising that the soil

Table 3 Characteristics of high and low sulfide epithermal gold deposits (modified after Hayba et al. 1985; Henley 1991; Robb 2005)

High-sulfidation Low-sulfidation

Fluid

solution redox

Oxidized sulfur species (SO2, SO4
2-, HSO4

-) in ore

fluid/vapor

Reduced sulfur species (HS-, H2S) in ore fluid/vapor

Host rocks Rhyodacite typical Silicic to intermediate and alkali volcanics

Size Relatively small Variable, some very large

Also referred to

as

Gold–alunite, acid–sulfate, alunite–kaolinite Adularia–sericite, hotspring-related

Fluids Acidic pH, probably saline initially, dominantly magmatic Near-neutral pH, low salinity, gas-rich (CO2, H2S), dominantly

meteoric

Alteration Advanced argillic (zonation: quartz–alunite–kaolinite–

illite–montmorillonite–chlorite)

Adularia–sericite–probilitic (zonation: quartz/chalcedony–

calcite–adularia–sericite–chlorite)

Metal

associations

Au–Cu (lesser Ag, Bi, Te) Au–Ag (lesser As, Sb, Se, Hg)
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mineralogy and the elemental composition are closely

related to the acidic and intermediate volcanic rocks in the

region. Soil pH ranged from 7.15 to 7.75; therefore,

Dashkasan soil was classified as neutral to sub-alkaline.

The measured concentrations of 18 elements together

with mean, median and standard deviation (SD) in soil

samples and from undisturbed control site are summarized

in Table 4 along with concentrations in world natural soils

(WNS) and the Earth’s crust for comparison. It can be seen

that only Ni and Cr mean contents are lower than world

natural soils (Table 4).

When compared with natural soils, Dashkasan soil is

characterized by elevated concentrations of Ag, As, Au,

Sb, Hg, Bi, Ni and Pb, especially in the vicinity of the

waste dumps. The most pollutant metal is Ag, reaching

10,220 mg kg-1 in soils near the waste dumps. Ag-rich

soils (6 and 9) also show high Pb, Hg, Sb and Au content.

As concentration in Dashkasan soil samples averaged

1696.68 mg kg-1 which is much higher than natural soil

values (1–10 mg kg-1) (Koljonen 1992) or soils formed on

mineralized bedrocks (726 mg kg-1) (Abrahams and

Thornton 1987), or soils close to non-ferric metal mining

(90–100 mg kg-1) (Colbourn et al. 1975). Considering the

absence of industrial plants in the study area, the origin of

arsenic in the soils is assumed to be mainly geogenic related to

erosion of the As-rich epithermal ores and related alteration

zones along with mining activity. The occurrence of arsenical

pyrite in veins and wall rocks (Niroomand et al. 2013) is

probably the main source of arsenic in Dashkasan soil.

Mercury concentration in Dashkasan soil ranges between

0.15 and 50 mg kg-1. All samples exhibit higher values than

background (1.13 mg kg-1) and natural (1.1 mg kg-1) soils

(Kabata-Pendias 2011).

Mercury commonly occurs as cinnabar (HgS) in veins,

or substitutes for other elements in pyrite, marcasite, and

stibnite. Craw et al. (2000) showed that minor mercury

occurs in solid solution in marcasite in hydrothermal sys-

tems. Marcasite readily decomposes during oxidation and

mercury, which is temporarily adsorbed on or absorbed in

ironhydroxides, is released to the environment (Craw

2001).

Sb concentration in Dashkasan soil ranges between 1.10

and 2000 mg kg-1 averaging 362.95 mg kg-1. Sb con-

centration in all samples except sample No 15, is above the

natural content (0.67 mg kg-1) (Kabata and Pendias 2001)

and local background (0.71 mg kg-1) soils. It is roughly

comparable to the previously reported Sb concentration in

mining areas of Scotland and China (He and Yang 1999;

Gal et al. 2007). Chalcophile Sb is commonly associated

with sulfidic ore deposits. In Dashkasan area, antimony (as

stibnite) is a major component of mineralized veins in the

hydrothermal system (Rastad et al. 2000; Richards et al.

2006; Niroomand et al. 2013). Hence, mining activity and

weathering of Sb bearing minerals are assumed to be the

main sources of antimony pollution in Dashkasan soil.

Soil Au content is very high averaging 3.58 mg kg-1, which

reflects a significant pollution impact compared to the average

global Au concentration in soils (0.001–0.002 mg kg-1) (Ka-

bata and Pendias 2001), and the local background value of

0.003 mg kg-1. Elevated Au contents (up to 5.0 mg/kg) have

also been reported in soils at Au mining areas of US and

Southern Australia (Lakin 1974; Lottemoser 1995). Apparently

anomalous Au contents at Dashkasan are the result of

epithermal mineralization. Au is an incompatible element, and

tends to concentrate in residual melts. It is already mentioned

that in Dashkasan ore deposit arsenical pyrite and arsenopyrite

are gold host minerals. Gold replaces Fe2? in arsenopyrite

(Tarnocai et al. 1997; Cabri et al. 2000).

Pb concentration in soil samples varies between 47.91 and

3150 mg kg-1 averaging 479.06 mg kg-1 exceeding the

local background (21.37 mg kg-1), world soils

(27 mg kg-1), and crustal abundance (15 mg kg-1) (Kabata-

Pendias 2011). According to Richards et al. (2006), Pb con-

centration in Dashkasan ore deposit ranges between 23 to

169 mg kg-1 being above the crustal abundance (Levinson

1980). Lead occurs as galena and is commonly associated with

gold mineralization; thus, during ore crushing lead is released

into the environment (Ogola et al. 2002). In mining areas, Pb

may be dispersed due to erosion and chemical weathering of

tailings depending on chemical characteristics and the min-

erals present in the tailings (Ferreira da Silva et al. 2004).

Moreover, Pb has an ability to replace K, Ba, Sr, and even Ca

and Na both in mineral lattices and in sorption sites (Kabata-

Pendias 2011; Nriagu 1978). Consequently, weathering of Pb

host minerals, for example galena (PbS), cerussite (PbCO3)

and bolangerite (Pb5Sb4S11) in addition to mining activity, can

disperse Pb into the soil environment and cause Pb pollution.

As already mentioned, some other analyzed trace ele-

ments also exhibit mean concentrations slightly higher than

world natural soils (e.g., Ni, Mo, Cu, Cd, Zn, U and Mn).

The exceptions are Fe, Al and Cr which are depleted rel-

ative to the world mean concentrations. It is noteworthy

that once erosion starts, the unroofing of a mineral deposit

may lead to the massive and sustained leaching of metals

and, therefore, to long-lived ‘natural contamination’ of the

surrounding environment. The longer the process, the

greater is the effect (Oyarzun et al. 2004).

Inter-elemental relationships

Inter-elemental relations can provide information on heavy

metal sources and pathways (Imperato et al. 2003; Lu and

Bai 2010). To describe the degree of association between

different elemental variables, spearman correlations matrix

(Table 5) and cluster analysis (CA) (Fig. 2) were carried

out.
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A significant characteristic of the soil in Dashkasan

mine area is the highly significant correlation (0.55–0.92)

between Au, Sb, As, Hg and Ag. Similarly, Bi, Pb, U and

Cd in soil are markedly positively correlated. Tumuklu

et al. (2007) suggested that heavy metals with high and

medium positive correlation probably come from the same

source. The observed correlations suggest a close link with

polymetallic mineralization and common geochemical

characteristics. Richards et al. (2006) revealed that in

Dashkasan ore deposit, epithermal veins are characterized

by an increasing abundance of chalcophile element-bearing

minerals throughout the paragenesis.

The significant positive correlation with sulfur con-

firmed that soil elements at Dashkasan are closely related

to sulfide mineralization. Sulfidic ligands are essential in

metal-transporting fluids, enhancing the solubility of gold

and possibly copper by the formation of stable metal–sul-

fide complexes (Mountain and Seward 2003; Stefánsson

and Seward 2004) in subcritical aqueous solutions, as

required for the formation of epithermal gold deposits

(Ronacher et al. 2004). Obviously, mining operations in

Dashkasan mine have enhanced metal pollution in the soil

environment. Cr and Ni displayed negative or weak cor-

relation with most of the analyzed elements due to different

behavior during magmatic differentiation.

The positive correlation between Fe and most heavy

metals reflects association of iron with these elements in

sulfide minerals (e.g., pyrite, chalcopyrite). Furthermore,

Fe in iron minerals (e.g., siderite, hematite and magnetite)

occurs in different polymetallic veins in the host rock. It is

known that Fe oxides/hydroxides are effective scavengers

of heavy metals in oxic environments (Arakel and Hongjun

1992; Aubert et al. 2004) and highly affect trace element

mobility in soils.

The weak or negative association of trace elements with

manganese and aluminum suggests that their abundance

and distribution are not significantly controlled by the

soil’s clay minerals and Mn-hydroxide (Zhuang et al.

2009). The cluster analysis for the soil heavy metal con-

tents in the study area is illustrated in Fig. 2.

All values were standardized using z scores before CA;

then, the Euclidean distances among the values were cal-

culated. Finally, hierarchical clustering was performed

using Ward’s method (Guillén et al. 2012; Zheng et al.

2013). In general, the results of CA are in good agreement

with those of correlation matrix. Two distinct clusters are

observed for the metals in soils. Cluster I contains As, S,

Mo, Fe, Sb, Hg, Au, Pb, Ag, U, Cd, Bi and Cu and rep-

resents the contribution of sulfide minerals in releasing

chalcophile elements through weathering anthropogenic

activity.

Heavy metal pollution

Soil enrichment factors are represented in Fig. 3. EF values

displayed the following decreasing trend: Au � Sb[Hg

Fig. 2 Hierarchical

dendrogram for the elements

obtained using Ward’s

clustering method
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[Ag[As[Pb[S[Bi[U � Mo[Cd[Zn & U,

Fe, Cu, Mn, Cr, Ni. The trend is consistent with those

obtained by CA and correlation matrix. It is obvious that EF

variations are greater in the first nine elements (Fig. 3).

EF value of 1.5 generally indicates lithogenic sources.

To discriminate anthropogenic and natural sources for a

given element, EF estimates should be [10 (Zhang et al.

2007b). However, Hernandez et al. (2003) mentioned that

while EF values between 0.5 and 2 should be considered in

the range of natural variability, ratios [2 may indicate

enrichment corresponding to anthropogenic input. Dash-

kasan results indicate that soil samples are moderate to

extremely highly enriched in Au, As, Hg, Ag, As, Pb, S, Bi,

U and Mo. The enrichment is mostly due to both ore

mineralization and past and ongoing anthropogenic activ-

ities (mining operation) in the study area. High EF values

occur close to the tailing piles (S9 and S6) and polymetallic

veins in the vicinity of the so-called Sari-Dagh domes (S3

and S4). Rastad et al. (2000) indicated that Sari-Dagh dome

contains numerous gold-bearing veins, where Mo, Cd, Zn,

Cu and Fe EF vary between 0 and 4.61 indicating lack of

enrichment to moderate enrichment resulting from their

mixed sources. On the contrary, Mn, Ni and Cr showed no

enrichment indicative of their natural source.

The results of calculated contamination factors (CF)

(Fig. 4) are consistent with EF results. CF displayed the

following decreasing trend:

Au � Sb[ Hg[Ag[As[Pb[ S[Bi[U[Mo

[Cd[Zn[ Fe[Cu[Mn[Cr[Ni.

According to Hakanson (1980), Au, Sb, Hg, Ag, As, Pb,

S and Bi display moderate to extremely high contamina-

tion, while U, Mo, Cd, Zn, Fe and Cu show moderate to

considerable contamination and Mn, Cr and Ni reveal

minimal to moderate contamination. Generally speaking,

the results obtained from enrichment and contamination

factor calculations confirm those obtained from cluster

analysis and correlation matrix. Overall, it can be con-

cluded that elements with high EF and CF are affected by

mineralization and mining activity.

Pollution severity was determined using pollution load

index (PLI). The results are presented in the last column of

Table 4. The results show that PLI in all stations is higher

than 1, reflecting mineralization, high concentration in

parent rocks, and dispersion of metals due to mining. The

high PLI of samples 6 and 9 is probably the result of open

waste dumping.

Elements in plants

Heavy element concentrations in the leaves and roots of

two indigenous sampled plants are summarized in Table 6.

Despite high total concentrations of trace metals in soils

(Table 4), plants did not show high metal content in their

tissues (Table 6) and the two analyzed plant genuses dis-

played relatively similar elemental contents in the leaves.

However, higher concentrations of Al, As, Au, Fe, Hg, Pb,

Sb, U, Ag and Zn were noted in Ephedra species, while

some other elements showed higher concentration in

Fig. 3 Box plots of the EF of

some selected elements in soil

samples
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Achillea samples. Generally, the mean concentrations of all

elements except Fe are below the toxic range for plants

(Table 6).

While the average As content in Ephedra and Achillea

(3.17 and 0.53 mg kg-1, respectively) is in the range of

average As content in plant tissues (\0.01–4 mg kg-1)

(NRC 1977), maximum concentration of As in Ephedra

(7.70 mg kg-1) and Achillea (1.1 mg kg-1) is higher than

As tolerance range (2 mg kg-1) and toxic range for plants

(5–20 mg kg-1) (Kabata-Pendias 2011).

Average Au content in Ephedra is 3.4 lg kg-1, which is

higher than 0.3 lg kg-1 observed in Achillea. According to

Greger (1999), average Au content in plants is 1 lg kg-1.

Au in plants and shrubs in different parts of the world are

extensively investigated in biogeochemical surveys for Au

mineralization (Vernadsky 1997). Maximum Au concen-

tration in Ephedra and Achillea is 15.4 and 0.6 lg kg-1,

respectively, which resembles the range of gold concen-

tration in plants of gold mining areas (3–19 lg kg-1)

reported by Davies (1997).

The mean Cd content was 0.50 and 1.49 mg kg-1 in

Ephedra and Achillea, respectively, and is higher than the

threshold value of 0.32 mg kg-1 in grasses and

0.35 mg kg-1 in clover, but is lower than toxic range for

plants (6–10 mg kg-1) reported by Kabata-Pendias (2011).

Thus, high concentration of cadmium in both species may

inhibit plant growth and pose a threat to livestock and local

population health. Mean lead concentration in Ephedra

samples (0.9 mg kg-1) is higher than Achillea

(0.38 mg kg-1). Maximum concentration of Pb in Ephedra

(2.31 mg kg-1) and Achillea (0.9 mg kg-1) is lower than

critical toxicity level for plants (30–300 mg kg-1) (Pais

and Jones 1997). Average Sb content of Ephedra and

Achillea is 0.9 and 0.3 mg kg-1, respectively, which is

much higher than the range of Sb in crop plants growing in

soils of historical mining areas (Kabata-Pendias and

Mukherjee 2007) and mean Sb content in terrestrial plants

(Bowen 1979). Maximum concentration of antimony

(3.84 mg kg-1) was observed in Ephedra samples in the

vicinity of mineralized veins of eastern Sari-Dagh dome.

The concentration of most other elements is nearly in the

normal range and does not reach toxic level in the two

analyzed plant species.

Table 6 illustrates the biological concentration factor

(BCF) calculated for each element. Higher BCF reflects

relatively poor retention in soils or greater efficiency of

plants to absorb metals, while low coefficients indicate

strong sorption of metals to the soil colloids (Cui et al.

2004; Kachenko and Singh 2006). Singh et al. (2011)

demonstrated that BCF\ 1 denotes that the plant only

absorbs but does not accumulate heavy metals, while

BCF[ 1 indicates that plant accumulates metals. The

decreasing trend of mean BCF for elements in Epehdra is

Cd[Zn[Mo, Mn, Cu[Cr, Hg, Ni, Al[ Fe, U, Pb, Au,

Sb and As and in Achillea is Mo[Cd[Zn, Cu,

Mn[Cr, Ni, Al, Sb[ Fe, Hg, Au, Pb, U and As. The

order in both species confirms previous studies indicating

that Cd is the most, and As the least, readily accumulated

Fig. 4 CF box plots of selected

elements in Dashkasan soil

samples
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trace elements in vegetation (Alvarenga et al. 2004; Batista

et al. 2007; Jung and Thornton 1996; Madejón and Lepp

2007). The difference in BCF probably reflects different

physiological characteristics and uptake behavior.

BCF revealed high Cd accumulation in both species

(10.747 and 1.120 in Ephedra and Achillea, respectively)

indicative of weak retention of Cd2? by the soil (Lokesh-

wari and Chandrappa 2006). Previous studies have already

indicated that an appreciable fraction of soil Cd is taken up

passively and metabolically by plant roots (Smeyers-Ver-

beke et al. 1978). Moore et al. (2014) also indicated that Cd

is more bioavailable to Artemisia, Astragalus and Acan-

thophyllum plant species in Miduk porphyry copper mining

area, Iran.

In aerobic conditions, Mo occurs mainly as molybdate

oxyanion and Plants Mo uptake occurs as molybdate ions

Kabata-Pendias 2011). Despite high enrichment factor

values of soil samples (11.89 in average), Mo accumulation

in plants is low. The results obtained from BCFs show that

Mo accumulation in plants is higher than most elements

(Table 6); its concentration in plant samples fall within the

optimum range for plant metabolism (0.1–0.5) as reported

by Kabata-Pendias and Mukherjee (2007). The higher BCF

probably demonstrates the dominance of the plant’s

genetics influence on element uptake and active uptake of

Mo by plants (Kabata-Pendias 2011).

Low lead BCFs in Ephedra and Achillea (0.008 and

0.002, respectively) could be due to low solubility at pH

values above 4 (Evans et al. 1995), which also agrees

with Kabata-Pendias and Mukherjee (2007) who also

showed that Pb absorption by root is passive and its

uptake from soils is rather low. Kabata-Pendias and

Pendias (1992) reported that lead is usually not highly

available to plants, because it occurs in water-insoluble

chemical species. Del Rio et al. (2002) demonstrated that

lead concentration in the shoots of plants growing on soils

that contained up to 1000 mg kg-1 lead ranged between 5

and 50 mg kg-1.

Arsenic displayed the lowest BCF in both species (0.003

and 0.001 in Ephedra and Achillea, respectively). Very

similar patterns were obtained by Madejón and Lepp

(2007) which also found low soil to root transfer factor in

different plant species growing in soils with high As con-

tent. The reason is probably low availability of As in soil

(Kloke et al. 1984). Based on Table 6, Cd, Mo, Zn and to

some extent Cu and Mn are more bioavailable to the two

investigated plant species.

Considering the high affinity of metals for sulfur in

soil samples, the relatively low total concentration of

toxic elements in plants, and the low calculated BCF

values, it is not surprising that most metals displayed

low bioavailability and hence are not toxic to plant

species.

Conclusion

Soils in the vicinity of Dashkasan mining area in Iran revealed

long-term geogenic contamination due to natural mineral-

ization. Apparently, discontinuous anthropogenic mining

activity in the area has enhanced weathering processes of ore

minerals and scattered tailing piles, which in turn resulted in

vast dispersion of ore-forming elements in the study area.

Calculated enrichment and contamination factors indicate that

Dashkasan soil is significantly contaminated with Ag, Au, As,

Hg, Sb, Pb, S and Bi. Calculation of pollution load index

revealed high levels of pollution in all sampling stations.

Analysis of two indigenous medicinal plant species

indicated that total concentrations of Al, As, Au, Fe, Hg, Pb,

U, Sb and Zn in Ephedra are generally higher than those in

Achillea, while some other analysed elements displayed

higher concentration in Achillea samples. No significant

accumulation was observed for Al, Cu, Hg, Mn, Mo, Ni and

Zn in the two investigated plant species. Cd, Mo, Zn and to

some extent Cu and Mn seem to be more bioavailable to the

examined plant species in Dashkasan mining area.

Calculated BCFs indicated that Ephedra species is a

good accumulator of cadmium, while Achillea is an effi-

cient accumulator of both Cadmium and Molybdenum.

Statistical analyses indicated high affinity of metal for

sulfur in the soil. Moreover, low BCF and relatively low

total metals content in the analyzed plant species confirmed

that most chalcophile metals exhibit low bioavailability

with no toxicity for plant species.

Rural population living in the vicinity of Dashkasan area

consumes Achillea for treatment of cold and urinary tract

disorders and Ephedra for asthma and also as a decon-

gestant. The consumption of Ephedra and Achillea leaves

may pose a health risk of exposure to potentially toxic

metals. Small grazing domestic animals are also in danger

of excess exposure.

Even though so far no direct sign of health disorders was

not observed, the arable soil in the vicinity of Dashkasan

mining area needs further investigation assessing its suit-

ability for agricultural use, particularly in view of the observed

highly elevated concentrations of As, Hg and Pb. Regular

monitoring is suggested to prevent future health problems.
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