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Arsenic in soil and vegetation of a contaminated area
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Abstract Plant and soil samples were collected from one

uncontaminated and four contaminated sites (in the Dash-

kasan mining area western Iran). Total and water-soluble

arsenic in the soil ranged from 7 to 795 and from 0.007 to

2.32 mg/kg, respectively. The highest arsenic concentra-

tion in soil was found at the ore dressing area (up to

1,180 mg/kg) and lowest at an uncontaminated area (up to

11 mg/kg). A total of 49 plant species belonging to 15

families were collected from four sampling sites. A sig-

nificant positive correlation was detected between the

concentrations of arsenic in plant dry matter and those in

soils. The highest arsenic concentrations were found in

Hyoscyamus kurdicus Bornm. (up to 205 mg/kg) and

Helichrysum oligocephalum DC. (up to 162 mg/kg). These

two accumulator species could have potential for soil

clean-up by phytoextraction. The data have been compared

with those for the Zarshuran mining area (north-western

Iran) obtained in a former study.

Keywords Bioavailability � Contamination �
Phytoremediation � Plant

Introduction

Arsenic (As) is a widely distributed environmental pollu-

tant, with toxic effects on plants. Arsenic contamination in

soils originates from various anthropogenic sources, such as

mining, milling, and agricultural applications, as well as

natural geochemical processes (Smith et al. 2002; Welch

2002). Mining activities may cause heavy local and regional

As pollution of soils and waters, for example, mine tailings

may contain As up to several thousands of mg/kg, although

the crustal average is only 2 mg/kg (Boyle and Jonasson

1973). Mining activities cause the degradation of agricul-

tural, pasture, or forest land, with a concomitant reduction

in the biomass productivity and biodiversity, which directly

affects economic wealth (Wong 2003). Moreover, high As

concentrations in soils are directly reflected in crops, and

are one of the major sources of As in drinking water (Zhang

et al. 2002; Reza and Singh 2010).

Human beings and domestic animals are exposed to As

via different pathways. Among them, drinking water is the

main route of As intake into the human body. The food

chain can also be significant route of As uptake into the

human body, when people are consuming As-contaminated

cereals, vegetables, or animals (Anawar et al. 2006). The

study of As uptake by plants is significant in three ways:

(1) it provides an indication of the bioavailable fraction of

the soil As (dependent on plant species), and (2) of a plant

species’ potential for phytoremediation, and (3) of the

amount of As that is potentially available to herbivores

(Casado et al. 2007).

The current technologies for the remediation of metal/

metalloid-contaminated soils are expensive, time consum-

ing, and can create risks to workers, or produce secondary

waste (Wenzel et al. 1999; Lombi et al. 2000; Pratas et al.

2005). Recently, phytoremediation has been proposed as a
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cost-effective, promising and environment friendly alter-

native (McGrath et al. 1993; Baker 1995). Phytoremedia-

tion uses plants to prevent the spread of contaminants via

wind, run-off, or groundwater (‘phytostabilization’), or to

extract them from the soil and remove them from the

system through harvest of the aboveground plant biomass

(‘phyto-extraction’). Plant species that grow fast, produce

high biomass and accumulate large amounts of As from the

soil are promising candidates to phytoremediate the As-

contaminated land in the mining areas (Anawar et al.

2006). In addition, for an effective phyto-extraction pro-

cess, it is essential to enhance the pollutant phytoavail-

ability, and to sustain adequate pollutant concentrations in

the soil solution for plant uptake (Lombi et al. 2000). A

major step towards the development of phytoremediation

of As-impacted soils is the discovery of the As-hyperac-

cumulating pteriod ferns, among which the well-known

Pteris vittata (Zhao et al. 2009). These plants produce large

biomass and are therefore promising candidates for phyto-

extraction purposes (Ma et al. 2001; Francesconi et al.

2002).

It is often difficult to predict the behavior and fate of As

in a contaminated matrix exclusively through extrapolating

results obtained from laboratory ecotoxicity experiments

(Gulz et al. 2005). Local circumstances can have profound

effects. We previously conducted a study in the Zarshuran

area (north-western Iran), which has a long history of As

pollution through mining (Modabberi and Moore 2004;

Karimi et al. 2010). Total and water-soluble As in the soil

and their relationship with plant uptake were investigated.

Over a broad range of soil As concentrations, Isatis

cappadocica and Hesperis persica maintained more than

tenfold higher foliar As concentrations and soil to leaf As

transfer coefficients, in comparison with all the other spe-

cies sampled at the same sites. Therefore, they were clas-

sified as the first angiosperm As hyperaccumulators.

Because As uptake and accumulation from soils by plants

are influenced by factors such as plant species (Matschullat

et al. 2000), soil arsenic concentration (Jiang and Singh

1994), and other chemical and physical soil properties,

among which the concentrations of other ions, particularly

phosphate (Khattak et al. 1991; Jiang and Singh 1994;

Matschullat et al. 2000), or the age of the plants, comparing

the Zarshuran and Dashkasan data sets would be very

useful, possibly providing confirmatory evidence, or new

insights.

The Dashkasan antimony–arsenic–gold deposit, located

in the Kurdistan province, western Iran, is one of the most

important antimony producing areas in Iran. Antimony

production is associated with elevated environmental con-

centrations of As, gold and antimony (Moritz et al. 2006).

This contamination originates from As-rich waste disposed

both by mining and smelting operations carried out in this

area (Lescuyer et al. 2003). Dashkasan has a relatively rich

plant biodiversity, and there is no information on the bio-

accumulation potential of plant species indigenous to this

area, hence there are possibilities to encounter locally

adapted species with favorable properties for the phyto-

remediation of As-contaminated land.

Therefore, the objectives of this study were to (1)

determine As concentrations in plants and soils, (2)

establish the bioavailable As fractions of soils, and (3)

determine the bioaccumulation of As in the wild plant

species of the Dashkasan mining area, to assess their

phytoextraction potentials, and compare these with those of

the plants from the Zarshuran area (Karimi et al. 2010). To

this purpose, soil and plant samples located in As-con-

taminated areas in the Dashkasan deposit were taken in the

period from May to September, 2009.

Materials and methods

Study area

Dashkasan is an antimony–arsenic–gold deposit located at

35�140N 48�70E, 42 km NE of Qorveh city in the Kurdistan

province, western Iran (Fig. 1). The area is a part of the

Sanandaj–Sirjan magmatic–metamorphic zone (Moritz

et al. 2006). The deposit is defined as a sulfide-silicic vein

deposit, mineralized by tectonic structures (Rastad et al.

2002). The deposit is hosted by dacite, rhyodacite and

microgranodiorite subvolcanic rocks, which are mainly

associated with silicic, argillic, and pyritic alteration.

Mining activities produced huge amounts of wastes, among

which fine-grained ore minerals including arsenopyrite,

and ore weathering products (Fe-oxyhydroxides, sulfates

and scorodite) (Lescuyer et al. 2003). The mineral para-

genesis consists of quartz, stibnite, pyrite, realgar, orpi-

ment, pyrrhotit, chalcopyrite, bornite, galena, boulangerite,

gold, stibiconite, kermesite and iron hydroxide (Rafiei et al.

2010).

Sampling

Plants and soil samples were collected from different

locations during the period of May till September 2009: site

1 (control) is located 10 km away from mine to the east, site

2 (Dashkasan-T1) is located near an ancient main open pit

1 km to the north of site 1, site 3 (Dashkasan-T2) corre-

sponds to a minor open pit and waste dump situated 1 km to

the east of site 1, and site 4 (Zarnikh) is located around the

main waste dump. A total of 17 soil samples were collected

from (0–10 cm). A total of 78 plant samples belonging to 49

different species were collected. Only the aerial parts of the

plant (stems, branches and leaves) were collected.
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Soil characteristics

The soil samples were dried at 50 �C, mixed, homogenized

and sieved through a 2-mm grid. Soil properties were

determined as follows: pH was determined potentiometri-

cally in a soil paste saturated with water; organic matter

was determined by dichromate oxidation using the Tiurin

method (Soon and Abboud 1991); cation exchange

capacity (CEC) was determined according to the ammo-

nium acetate method by extracting with a 1.0 mol/l

NH4OAc solution (pH 7.0); and particle size distribution

(sand, silt, and clay) was analyzed by the pipette method

(Ashworth et al. 2001).

Analysis of As in plant samples

Plant samples were cleaned with fresh-water, rinsed with

deionized water and oven-dried at 70 �C to constant

weight. The oven-dried plant samples were powdered in a

stainless-steel mill to obtain a homogeneous sample and

prepared for analysis. They were digested as described by

Meharg and Jardine (2003). The ground plant samples

(0.5 g) were placed in a digestion tube and mixed with

2.5 ml of concentrated nitric acid. The digest was allowed

to stand overnight and then 2.5 ml of concentrated H2O2

was added. The tubes were placed on a digestion block and

heated at 100 �C until frothing stopped, then heated at

140 �C until the solutions became clear. The tubes were

then heated to 180 �C to boil off the nitric acid. On cool-

ing, the residue was taken up in 10 ml of a solution con-

taining 10 % HCl, 5 % ascorbic acid and 10 % KI. Arsenic

concentrations were measured in duplicate using a

Shimadzu spectra AA-6200 Atomic Absorption Spectro-

photometer with a hydride generator (WHG 103A).

Standard materials for chemical analysis were purchased

from Merck and the calibration curve fit (at least five

standard concentrations) was with R2 [ 0.97 in all cases.

The method’s recovery of As (0.79 ± 0.08 mg/kg) from

certified reference material (Beach leaves material FD8,

Commission of the European Communities, Joint Research

Centre ISPRA) was not significantly different from the

certified reference value (0.76 ± 0.1 mg/kg). The mean As

concentration in blank digests was 0.08 lg/l and the

detection limit for As in plant digests was 0.05 lg/l.

Analysis of As in soil samples

The finely powdered and homogenized soil samples (0.5 g)

were digested with 10 ml of a 3:1 HCl/HNO3 mixture in a

Kjeldahl digestion tube. Tubes were left overnight at room

temperature and then placed in a heating block. Each was

covered with an air condenser and refluxed gently at 80 �C

for 2 h. After cooling, the digests were filtered through a

moistened Whatman No. 40 filter paper into a 50 ml vol-

umetric flask and 10 ml of a solution containing 10 % HCl,

5 % ascorbic acid and 10 % KI was added. Flasks were

then made up to volume with distilled water. Analysis of

As was performed by atomic absorption spectrophotome-

try, as described above.

Water-soluble arsenic

Water-soluble As was measured as described by Anawar

et al. (2006). Soil and Milli-Q water were mixed in 1:10

Fig. 1 Location of the study

area and sampling sites at the

Dashkasan deposit in Iran
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proportion and the mixed solution was shaken for 24 h

using a rotary shaker. The solution was centrifuged at

3,000 rpm; and then the supernatant was collected and

filtered. Arsenic in the filtered solution was measured by

the HG-AAS method described above.

Results and discussion

Soil characteristics

The pH, organic matter (OM), CEC and soil texture of each

site, together with the total and soluble As concentrations,

are given in Table 1. The pH values ranged from 5.4 to 6.5,

comparable with the range for the Zarshuran area (Table 1).

The contents of organic matter ranged from 2.52 to 5.85 %

with a mean value of 3.5 %, which is high, in comparison

with the Zarshuran area. These higher organic matter con-

tents in the soils are possibly due to the dense vegetation

cover, which was lacking in the Zarshuran area. The CEC

varied from 5.9 to 14.3 meq/100 g with a mean value of

8.7 meq/100 g in study sites (Table 1). The CEC of the

soils at site 4 (12.80–16.53) demonstrated a high acid buf-

fering capacity, while the CEC values at sites 1, 2 and 3

showed a low acid buffering capacity. The soil texture

analysis revealed significant differences between sites,

particularly with regard to the sand and clay fractions. At

site 4, the content of sand was much higher than that of clay,

whereas the opposite pattern was found at site 2 (Table 1).

It is generally known that rhizosphere pH may consid-

erably differ from that in the bulk soil.

Depending on the plant and soil factors pH differences

can be up to two units. Factors affecting rhizosphere pH are

the source of nitrogen (NO3
- versus NH4

? uptake), nutri-

tional status of (e.g. Fe and P deficiency), excretion of

organic acids, CO2 production by roots and rhizosphere

microorganisms, as well as the buffering capacity of the

soil. Under aerobic conditions As is mainly present as AsV,

which is desorbed from adsorption sites upon pH increase.

Both plant-induced decreases of the redox potential (e-)

and drastic pH decreases in the rhizosphere may dissolve

Fe oxides/hydroxides, resulting in the concomitant release

of As and P into the soil solution.

Redox potential and pH control the prevailing redox-

and hydrolysis-status of As in the soil solution. Carboxylic

acids (R-COOH) released by P deficient plants have been

reported to be involved in the mobilisation of inorganic P

in the rhizosphere (Neumann and Römheld 1999; Kirk

et al. 1999; Dinkelaker et al. 1995). Such processes are also

likely to affect As availability, due to the well-known

physico-chemical similarities between arsenate and phos-

phate, resulting in competition for sorption sites in soil

(Adriano 2001), and for plant uptake via high-affinity P T
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transporters (Asher and Reay 1979). In acid soils, iron and

aluminum oxides are the primary sorbents of arsenate,

which is the predominant As species in agricultural soils

(Marin et al. 1993; Pongratz 1998). In alkaline soils,

arsenate is sorbed by calcium oxides, but this adsorption is

less intense than that at lower pH on iron and aluminum

oxides (Woolson et al. 1971).

Arsenic in soil

The mean total As concentration in the soil ranged from

4 mg/kg at the uncontaminated site 1 (S1) to 719 mg/kg at

site 4 (S4). The soil of site 4 contained the highest As

concentrations and was affected to a great extent by mine

tailings and spoils. The mean As concentration overall the

sites (except for site 1) in this study was higher than the

average toxicity threshold of 40 mg/kg established for

agricultural soil (Sheppard 1992). Mining is the most

important emission source of As to the environment in this

area. Arsenic may originate mainly from the mechanical

dispersion of arsenopyrite mineral around the mine tailings,

and/or the variable degree of weathering of these minerals.

In comparison with our previous study (Zarshuran area),

the soil samples in the Dashkasan area had lower total As

concentrations. However, the water-soluble fractions of

soil As were much higher in the Dashkasan area than in the

Zarshuran one (Fig. 2).

Water-soluble As is considered to be a good estimate of

the bioavailable fraction and the risk level of As contam-

ination in soils (Casado et al. 2007). At site 4, the water-

soluble As concentration (1.41–5.92 mg/kg) was much

higher than at site 2 (0.03 mg/kg) and site 3 (1.7 mg/kg,

Table 1). Except for the uncontaminated site (S1) and site

S2, the water-soluble As concentrations exceeded the

maximum permissible level of 0.04 mg/kg for agricultural

soils, indicating the enriched bioavailability of As for

plants growing in this area (Bohn et al. 1985).

In some samples (4 out of 10) the water-soluble As

fractions were higher (0.44, 0.56, 0.71 and 0.78 % of total

As) than in others and those reported by Kavanagh et al.

(1997) and Casado et al. (2007). In comparison with Xu

and Thornton (1985) and Cao and Ma (2004), reporting

maximum water-soluble As fractions of 2.78 and

3.02–13.6 % in garden soils in Cornwall and contaminated

soils in the USA, respectively, the values obtained in the

Dashkasan area were very low, probably due to the rela-

tively low organic matter content.

The soil organic matter content was correlated with

water-soluble soil As (r = 0.54, p \ 0.01), probably

because humic or fulvic acids are blocking adsorption sites

of amorphous soil colloids, thus enhancing As solubility

(Casado et al. 2007). This can be explained by the anionic

nature of many organic compounds in soil, resulting in

reduced As adsorption on Al and Fe oxides/hydroxides. In

this respect it is important that arsenate is present in the

anionic form, thus competing with the negatively charged

humic and fulvic acid residues for binding sites at Al or Fe

oxides/hydroxides. As expected, the relatively high As

water solubility at the S3 and S4 sites coincided with rel-

atively high organic matter contents and cation-exchange

capacities.

Arsenic in plants

A total of 49 plant species of vascular plants were sampled

from different sites in the Dashkasan mining area

(Table 2). The species were mostly Asteraceae (10),

Lamiaceae (9), Fabaceae (6) and Scrophulariaceae (4).

Most of the plants are herbaceous perennials. There are no

trees and only a few shrubs among them.

There was a broad variation of mean As concentrations

among plant species, ranging from 0.2 to 139 mg/kg

(Table 2). The plant species at site 1 (uncontaminated site)

showed very low arsenic concentrations (Table 2). The

mean As concentrations at site 4 were the highest (ranging

from 14 to 139 mg/kg). Only in two species, Helichrysum

oligocephalum DC. (113 mg/kg) and Hyoscyamus kurdicus

Bornm. (139 mg/kg), the As concentration exceeded

100 mg/kg (Table 2). A part from H. oligocephalum and

H. kurdicus, also Nonea persica and Salvia syriaca accu-

mulated relatively high As concentrations in their shoots at

this site (Table 2). On the other hand, Astragalus gos-

sypinus (8.3 mg/kg), Achillea biebersteinii (8.2 mg/kg)

and Lepidium persicum (28 mg/kg) exhibited very low As

concentrations, although they were growing in strongly As-

enriched soil. In most of the plants studied here the As

concentrations were higher than the background concen-

trations in plants from pristine environments [non-detect-

able to 3 mg/kg dry weight (Koch et al. 2000)]. Much

higher As concentrations were found in several plants from

Fig. 2 Total soil arsenic concentration plotted against soil water

soluble As concentrations for samples from four sites of the

Dashkasan deposit in Iran
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mine wastes in the UK (6,640 mg/kg; Porter and Peterson

1975), north-eastern Portugal (60–300 mg/kg; de Koe

1994), and a geothermal area in New Zealand (1,766 mg/kg;

Robinson et al. 2006). Given the criterion of[1,000 mg/kg

foliar As (Ma et al. 2001), such plants could be considered

as As hyperaccumulators. However, none of these plants

showed the high soil to plant transfer factors typical of

hyperaccumulators, suggesting that their high foliar As

concentrations may be explained by the combination of

extreme tolerance and extreme exposure, rather than dis-

tinct physiology. In general, As uptake by plants is largely

dependent on the As availability in the soil, as determined

by the As source and chemical speciation, pedological

factors (pH, Eh, organic matter and colloid contents, soil

texture, minerals and drainage conditions), plant species,

and plant age (Casado et al. 2007).

In contrast to the findings of Sadiq (1997), and in

agreement with our previous study (Karimi et al. 2010), we

found the As concentrations in the plants to increase

significantly and more or less linearly with the total

As concentration in the soil (Fig. 3). The regression slopes

for plant As over total soil As in wild plants growing in

the Dashkasan and Zarshuran areas revealed that the

mean soil-to-plant transfer coefficient was significantly

(p \ 0.05) higher in the Dashkasan area (0.061 versus

0.027). Plotting plant As against water-soluble soil As,

instead of total As, yielded a much lower, but still signif-

icant correlation coefficient for the Dashkasan area, but a

comparable one for the Zarshuran area (Fig. 3). The

regression coefficient obtained for plant As over water-

soluble soil As was much higher for the Zarshuran area

than for the Dashkasan area (181 versus 30; Fig. 3). These

data suggest that water-soluble soil As is in fact a poor

predictor of As accumulation in plants, particularly when

different areas are compared, but also when considering the

intra-specific variation within areas, at least within the

Fig. 3 Shoot As concentrations plotted against soil water soluble As

concentrations for samples from contaminated sites of the Dashkasan

and Zarshuran deposits in IranT
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Dashkasan area. This contradicts the findings of Woolson

et al. (1971), and Zandsalimi et al. (2011), who found that

water-soluble soil As predicted plant As better than total

soil As. The reason for this discrepancy is not clear. It is

conceivable that differences between the bulk soil and the

rhizosphere might play a role here, particularly in the

Zarshuran area.

The arsenic transfer coefficient (AsTC) is defined as the

shoot As (mg/kg dry wt) to total soil As (mg/kg dry wt)

concentration ratio. It can be used to assess the As accu-

mulation capacity of plants. The AsTC in this study ranged

from 0.001 to 0.195 (Table 2), with mean values of 0.045,

0.062, 0.058 and 0.078 at sites 1, 2, 3, and 4, respectively,

the differences between sites being insignificant (p [ 0.05,

one-way ANOVA). These values are much lower than

those reported by Cao and Ma (2004) for carrot and lettuce

(0.1 and 1.6, respectively) growing on CCA-contaminated

soils, but higher than those reported by Karimi et al. (2010)

for plants growing in the Zarshuran mining area (Fig. 3),

and those obtained of Warren et al. (2003) for crops

(0.0007–0.032).

The higher mean As transfer coefficient in the Dashka-

san area, in comparison with the Zarshuran area, could be

due to higher As availability for plant uptake. If so, then the

latter is apparently not associated a higher water-soluble

fraction, indicating that some part of the soil-bound As

must be or become plant available too, at least in the

Zarshuran area. The inter-specific variation in AsTC values

is considerable in both areas (Fig. 3), and may be attrib-

utable to, among other things, variation in rooting depth,

mycorrhization, phosphorus demand, root-to-shoot As

transfer capacities, or local variations in phosphorus

availability (Kabata-Pendias and Pendias 2001). Owing to

the chemical similarity of arsenate and phosphate, these

two anions compete strongly not only in unspecific anion

exchange reactions, but also in specific binding through

surface complexation e.g., on iron and aluminium

hydroxides surfaces. Moreover, arsenate is thought to be

taken up via the phosphate uptake system and may con-

sequently interact with plant P nutrition. Increasing soil

phosphate concentrations are therefore expected to cause

As–P competition for sorption sites resulting in increased

As concentrations in the soil solution, but on the other

hand, inhibit As uptake in plant roots via high-affinity P

transporters, due to competitive inhibition (Meharg and

Macnair 1994).

Mycorrhizal associations and other microbial interac-

tions in the rhizosphere are the most widespread mutual-

istic symbiotic association between microorganisms and

higher plants and can be important for the mineral nutrition

of the host plant, in particular the P nutrition (Wilcox

1991). Mycorrhizal fungi may alleviate metal toxicity to

the host plant by acting as a barrier for metal uptake

(Leyval et al. 1997). Furthermore, numerous bacteria,

fungi, yeasts and algae are able to transform As compounds

by oxidation, reduction, methylation and demethylation

(Frankenberger and Losi 1995). Microbial reduction of

AsV to AsIII is known to occur by dissimilatory reduction

and detoxification activities of microbes.

Hyperaccumulators initially have been defined as plants

that can accumulate C1,000 mg kg-1 of As in shoot dry

matter in their natural environment (Baker and Brooks

1989; Ma et al. 2001). Furthermore, in most of the recent

publications, additional criteria are being used, usually the

combination of an exceptionally high foliar metal con-

centration, e.g. at least one order of magnitude higher than

in ‘normal’ plants growing at the same sites, a high level of

tolerance to the naturally hyperaccumulated metal(s) and a

shoot to root metal concentration ratio above or close to

unity (Verbruggen et al. 2009). In this study, the highest

concentrations of As (113 and 139 mg/kg) were recorded

in leaves of H. oligocephalum and H. kurdicus collected

from site 4, which is far below the 1000 mg/kg threshold

for As hyperaccumulation. Moreover, the data points for

these species are not far above the regression line for plant

As over total soil As (Fig. 3). Therefore, none of the spe-

cies collected from the Dashkasan mining area can be

considered a hyperaccumulator of As.

To clean up As-contaminated soils by phytoremediation

biotechnology in Iran, it is crucial to select drought-resis-

tant plants with high above ground biomass, short life

cycles and high propagation rates that can grow in metal-

contaminated and nutrient-deficient soils (Karimi et al.

2009). The soil of the Dashkasan mine area is so heavily

contaminated that removal of As using plants grown here is

unlikely to be time- and cost-effective. Therefore, the

plants grown in these soils can be used to partly remove the

bioavailable fraction of As.

An ideal plant for application in phytoextraction should

have a high metal tolerance and a high metal accumulation

capacity in its harvestable parts (Shi et al. 2009). Most of

the terrestrial hyperaccumulators of As identified thus far

are pteriod ferns, including the well-known P. vittata

(Ma et al. 2001; Zhao et al. 2009). The supposed rarity of

As hyperaccumulators among terrestrial angiosperms

(Karimi et al. 2010) is confirmed by their apparent absence

from the Dashkasan area. However, our previous study in

the Zarshuran area suggested, for the first time, that ter-

restrial angiosperm As hyperaccumulators do exist, and

that, in particular, I. cappadocica Dvorak et Hadac. and

H. persica Boiss., are two of them. Remarkably, both of

these species are robust perennial rosette plants, producing

strongly branched inflorescence-bearing stems up to 60

(I. cappadocica) or 45 (H. persica) cm height in their

native habitat. This could make them potential candidates

for phytoremediation purposes in Iran. Based on their
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relatively high shoot As concentrations and transfer coef-

ficients, it is conceivable that H. oligocephalum and H.

kurdicus could be useful too.

Conclusion

Plants were collected from mining-affected and uncon-

taminated sites in the Dashkasan area, and the concentra-

tion of As in the soils and plants were determined. Total As

concentration in the soils ranged from 7 (S1) to 795 (S4)

mg/kg As. The As concentrations in plant shoots were

generally low with two exceptions, H. oligocephalum and

H. kurdicus, which were able to accumulate up to 113 and

139 mg/kg As in their leaves, while showing relatively

high soil-to-plant transfer coefficients, although they can-

not be classified as As hyperaccumulators. Comparison of

the results obtained from the Dashkasan and the Zarshuran

areas confirms the rareness of As hyperaccumulation

among terrestrial angiosperms, and suggests that water-

soluble soil As does not accurately predict as plant As

accumulation.
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