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Abstract Following the appearance of symptoms of
arsenic toxicity in the inhabitants of villages in the Muteh
gold mining region, central Iran, the concentration of this
element in various parts of biogeochemical cycle is inves-
tigated. For this purpose, rock, groundwater, soil, plant,
livestock hair and wool, and human hair samples are col-
lected and analysed. Total arsenic content ranges from 23 to
2,500 mg/kg in rock samples, 7-1,061 pg/l in water,
12-232 mg/kg in soil, 0.5-16 mg/kg in plant samples,
4.10-5.69 mg/kg in livestock hair and wool, and
0.64-5.82 mg/kg in human hair. Arsenic concentration in
various parts of biogeochemical cycle near the gold deposit
in a metamorphic complex, and also close to the gold-pro-
cessing plant, is very high and decreases exponentially with
increasing distance from them. Arsenic concentration in
water from a well close to the Muteh gold mine is above
1 mg/L. Arsenic in hair samples taken from local inhabitants
is above the recommended levels, and the control samples in
Shahre-Kord city. Arsenic concentration is higher in male
population and correlates positively with age. It is suggested
that arsenic resulting from the decomposition of ore mineral
such as orpiment (As,S3), realgar (As,S,) and arsenopyrite
(FeAsS) is responsible for polluting natural resources and the
human intake via drinking water and the food chain. Gold
mining and processing has undoubtedly enhanced the release
of arsenic and intensified the observed adverse effects in
Muteh area.
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Introduction

Although at first glance geology may appear far from human
health, but as Komatina (2004) has pointed out, human health
is in fact directly linked to geology. Human Exposure to high
levels of toxic metals usually causes acute toxicity symptoms,
while long-term exposure to lower levels can trigger allergies
and even cancers (Berkowitz et al. 2008).

Arsenic is a ubiquitous toxicant and a carcinogenic ele-
ment associated with a wide range of adverse human health
effects (WHO 1999; Tseng et al. 2002; Nvas-Acien et al.
2006). Arsenic forms both organic and inorganic com-
pounds in the nature, and inorganic compounds are gener-
ally more toxic and mobile than organoarsenic species
(WHO 2001; Hughes 2002; Wang and Mulligan 2006a, b).
As is the twentieth abundant element in the Earth’s crust
(Bhumbla and Keefler 1994; Duker et al. 2005), and occurs
in two distinct mineral associations, i.e., sulphides and
oxides. Arsenic is also reported in some silicate minerals,
such as biotite. Oxide minerals do not take arsenic into their
structure, but have a great capacity to adsorb arsenic on
their surface. Arsenic can form sulphide mineral such
as orpiment (As,S3), realgar (As,S;) and arsenopyrite
(FeAsS), and also substitutes for sulphur in more common
minerals such as pyrite, chalcopyrite (copper sulphide),
galena (lead sulphide) and sphalerite (zinc sulphide). These
minerals commonly form in areas of hydrothermal activity,
and are often associated with ores (Ravenscroft et al. 2009).

Mining and extraction of As-bearing ore deposits will
greatly enrich arsenic in all compartments of the biological
cycle, i.e., soil, water, plant, and living organisms including
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human in the immediate vicinity of the ore deposits
(Merian et al. 2004; Robles-Arenas et al. 2006). Schwedt
(2001) believes that arsenic is one of the most dangerous
elements derived from mining activity. Human exposure to
arsenic from mining activity has been recorded in many
part of the world including Thailand, Ghana, Greece,
Austria, Australia, China, Brazil, Mexico, Canada and part
of United States of America (Hinwood et al. 2004; Lu and
Zhang 2005; Patel et al. 2005; Figueiredo et al. 2007;
Armienta and Segovia 2008; Liu et al. 2011). Gold mining
has always been accompanied by hazardous arsenic tox-
icity both in miners and in the close ecosystems (Patel et al.
2005).

More people are affected by As poisoning in Asia than
in the rest of the world combined (Ravenscroft et al. 2009).
The magnitude of this problem is severe in Bangladesh,
West Bengal in India, and China (e.g., Acharyya et al.
2000; Sun et al. 2001; Rahman and Ravenscroft 2003; Van
Geen et al. 2003; Xia and Liu 2004; Ravenscroft et al.
2009; Singh et al. 2010). The so-called Qinghai-Tibet As-
rich province of China extends westwards into Afghani-
stan, Iran and Turkey, and eastward into Thailand and
Myanmar (Mianpiang 1997). Groundwater contamination
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by arsenic and the associated health effects in Kurdistan
province of Iran was already investigated by Mosaferi et al.
(2007) who reported a mean As concentration of 290 pg/l
and a maximum of 1,480 pg/l in groundwater.

Muteh area is located north of the Isfahan province in
central Iran, between longitudes 50°32'30” E and
33°45'00” N, and latitudes 55°49'00” E and 33°28'30" N
(Fig. 1). The climate is arid to semi-arid, with an average
annual temperature of —5°C in winter (December—Febru-
ary) and 32°C in summer (June—September). The mean
annual rainfall varies between 180 and 300 mm. Muteh is
the only active gold-producing mine in Iran. There are 10
gold ore bodies and occurrences in the Muteh area (Fig. 1).
Currently, only two mines (Senjedeh and Cah Khaton) are
being mined.

The main purpose of this paper is to (a) establishing
arsenic content and distribution in compartments of the
biogeochemical cycle including rock, soil, water, plant,
livestock, and human hair in the Muteh mining district,
(b) Identifying the sources of arsenic, (c) determining
arsenic content in different soil fractions (d) evaluating
localised health problems arising from exposure to arsenic
in the Muteh area.
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Fig. 1 Map, showing the location of Muteh mining district
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Geological setting

Arsenic rich provinces extend from Tibet area of China
westward into Afghanistan, Iran and Turkey, and eastward
into Thailand and Myanmar (Ravenscroft et al. 2009). The
Muteh metamorphic complex hosts the spatially related
gold deposits in central Iran (Fig. 2). This complex is
located within the so-called Sanandaj-Sirjan zone of the
Zagros orogenic belt, which consists of three parallel
zones: (1) the Urumieh Dokhtar magmatic assemblage, (2)
the Zagros imbricate zone and (3) the Zagros fold-thrust
belt. The Zagros imbricate zone (or “Sanandaj-Sirjan
metamorphic Zone”, as redefined by Alavi (1994) after
Stocklin (1968, 1977), is a zone of thrust faults that have
transported numerous bodies of metamorphosed and non-

metamorphosed Phanerozoic stratigraphic units of the
Afro-Arabian passive continental margin, as well as its
“obducted” ophiolites (Alavi 2004).

The pre-Permian deformed subzone of the Sanandaj-
Sirjan which hosts the Muteh gold deposit, is characterised
by having a high-grade metamorphic core (mainly gneiss
and amphibolite) covered by low-grade metamorphic rocks
(mainly greenschist, metarhyolite and marble). Chlorite
schist is the predominant host rock in Muteh gold district.
Mesozoic and Tertiary sedimentary rocks overlaying
Paleozoic sedimentary rocks are abundant in the study area,
and are largely covered by quaternary alluvial sediments.
The metamorphic complex is intruded by middle to late
cretaceous and paleocene-eocene granitic plutons (Moritz
et al. 2006). Gold mineralization is related to a protracted
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Fig. 2 Simplified geological map of Muteh district
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geologic evolution of the Sanandaj-Sirjan tectonic zone
and magmatic-metamorphic hydrothermal activity (Moritz
and Ghazban 1996). Mineralization is similar to meso-
thermal quartz vein type deposits in orogenic belts (Robb
2005) and is controlled by brittle, ductile to ductile—brittle
shear zones. Hydrothermal alteration associated with gold
occurrences is characterised by intense, pervasive bleach-
ing of the host rocks (Moritz et al. 2006). Alteration
assemblages consist of silicified rock with microcrystalline
to crystalline quartz, fine-grained muscovite, pyrite, dolo-
mite-ankerite, and albite overprinting the metamorphic
minerals in the host rock (Moritz et al. 2006). Pyritization
is the dominant alteration and is rather extensive and
related to gold mineralization (Abdollahi et al. 2009). Gold
paragenetic minerals include principal sulphide phases as
pyrite, arsenopyrite and chalcopyrite. There are no visible
gold grains and gold commonly occurs as very fine-grained
solid inclusions (1-5 pm) in pyrite and arsenopyrite.

Materials and methods
Sampling, sample preparation and analysis

In this study, sampling was limited to the Muteh mining
region (Muteh, Yekke chah, Golcheshmeh and Laibid vil-
lages). In all, a total of 198 samples were collected,
including 16 rock samples, 17 water samples, 34 soil
samples [(17 topsoil (0-5 cm) and 17 subsoil (15-20 cm)
samples], 32 plant samples (21 samples from Sieberi sp.
and 11 samples from Harmala sp.), 16 samples from
sheep’s wool and goat’s hair and 83 samples from human
hair (43 males and 40 females).

Water samples were collected from springs, drainages,
water wells, aqueducts and mine tunnels in acid washed
(0.5 M HCI) 1,000 mL polyethylene bottles. Field parame-
ters pH, EC, Eh and temperature of water were determined
on-site using portable devices. Each sample was split into
two fractions. The first fraction was filtered through a
0.45 pum filter paper and then acidified by concentrated

HNOj; to pH of 2 for arsenic and principal cations analysis by
(ICP-MS) (ACME Laboratory, Canada). The second frac-
tion was left unacidified and unfiltered for anion analysis.

Soil sampling was carried out along three parallel linear
sections extending from Muteh gold mining complex,
towards Muteh village. At least 1 kg of soil was collected
from a 1 x 1 m? at 0-5 and 15-50 cm depths in polyeth-
ylene bags. In the laboratory the samples were air-dried for
a week, and then were sieved through a <2.0 mm mesh
size polyethylene sieve, to remove stones, coarse materials
and other extraneous debris. The sieved samples were
ground to a fine powder using an agate Tema grinder. To
examine the fractionation of As and other heavy metals, the
procedure of Tessier et al. (1979) consisting of five steps,
i.e., exchangeable fraction (F;), bound to carbonate (F,),
bound to Fe/Mn oxides (F3), bound to organic matter (F,)
and the residual fraction (Fs), was carried out on six soil
samples. The sequential extraction was performed pro-
gressively on an initial weight of 1.0 g of dry soil samples.
The arsenic content of the extracted solutions was deter-
mined using ICP-MS (ACME Laboratory, Canada). The
accuracy of results was checked by calculating recovery
percents using the following formula:

(Cr1 + Cr2 + Cr3 + Cra + Crs)

R =
Ctotal

x 100

The results are presented in Table 1 and according to Burt
et al. (2003) indicate a good agreement between sum of
extracted As and total As determined by total analysis.
500 mg plant samples were collected from roots and
leaves of two abundant indigenous species, i.e., Artemisia
aieberi and Peganum harmala. The collected plant samples
were washed by tap water, rinsed with deionized water, and
air-dried at room temperature. 0.5 g of the dry sample was
mixed with concentrated nitric acid (HNOj3) and hydrogen
peroxide (H,O,) and sealed in a digestion vessel. For soil
and rocks samples, nominally 0.2 g of dry sample was
mixed with concentrated hydrochloric acid (HCI) and nitric
acid (HNOj3) and sealed within a digestion vessel. The
vessel is then placed into a microwave digestion machine

Table 1 The percentage of arsenic speciation in soils of Muteh mining district

Soil type Percentages of arsenic speciation of soil (%) Recovery
: : , , , percent (%)
Fraction | Fraction II Fraction III Fraction IV Fraction V

North of Senjedeh mine 1.94 1.6 22.54 16.5 72.41 114.99
South of Senjedeh mine 2.73 1.22 22.41 5.39 66.65 98.4
North of Chahkhatoon mine 2.09 2.54 14.09 8.33 64.72 91.77
South of Chahkhatoon mine 3.67 3.14 16.45 13.32 61.41 97.99
Alluvial sediments 6.29 3.25 34.11 12.52 55.04 111.21
South of tailing dam 4.11 2.13 18.87 6.34 56.41 87.86
Average 3.47 2.31 21.41 10.40 62.77 100.37

@ Springer



Environ Earth Sci (2012) 67:959-970

963

and heated to around 160-170°C using microwave energy.
After digestion, distilled water is added to dilute the acid
solution and the sample poured off into a test tube. The
elements required are then measured using both ICP-MS
and ICP-OES instrument techniques (AMDEL Laboratory,
Australia).

The mineralogy of 10 rock samples representing host
rocks, ore minerals and waste dumps were examined using
X-ray diffractometry (XRD). For this purpose, the samples
were ground using a Tema Grinder and a Siemens D 500
diffractometer.

About 30 g of wool and hair samples were collected
from sheeps and goats in Muteh village. Also, 5-7 g of
human hair samples were collected from male and female
inhabitants in Muteh, Yekke chah, Golcheshmeh and Lai-
bid villages. 10 samples were also collected from Shahre-
Kord town as control samples. The hair samples cover a
wide range of age. Wool and hair samples were washed
following the method proposed by IAEA (1978) and
involved sequential washing with acetone, water and ace-
tone. The samples were dried in an oven at 35°C. 0.25 g of
each sample was weighed and digested in extra pure nitric
acid (HNO;) in a digestion bomb at about 150°C. The
resulting solution was made to volume by deionized water,
and as content was measured using Graphite Furnace
Atomic Absorption Spectrometry (GF-AAS).

Results and discussion

Because of the different behaviour of arsenic in rock,
water, soil, plant and animal environments, each environ-
ment will be discussed separately.

As in Muteh rocks

It is well known that gold is strongly associated with
arsenic in most of the world’s gold deposits (Dickson et al.

1975). The host rocks for gold and arsenic in Muteh area
are predominantly schists and gneisses related to colli-
sional tectonics. Gold mineralization is mostly associated
with late hydrothermal activity and commonly forms fis-
sure-filling sulphide-silica veins of various sizes (Moritz
et al. 2006). Minor Cu—As sulphide mineralization also
occurs as veins and veinlets in the metamorphic host,
especially in Senjedeh mine. The results of X-ray diffrac-
tometry are presented in Table 2 and indicate that
As-bearing minerals such as realgar (As,S,), orpiment
(AsyS3), pyrite (FeS,) and chalcopyrite (CuFeS,) along
with silicates such as tremolite, actinilite, biotite, musco-
vite, feldspars and chlorite are the most abundant minerals
in both host rocks and the mineralized veins. Furthermore,
polished thin sections were prepared and studied in
reflected and transmitted light. The results are the same
as those obtained from XRD, the only exception is the
presence of arsenopyrite in the polished thin sections.
Geochemical analysis of 16 host rock samples indicates
that arsenic content varies between 23 and 2,500 mg/kg
with a mean of 743 mg/kg. Analyses carried out by Afzal
et al. (2007) indicate that As content in drilling cores
obtained from Muteh host rocks increases in unweathered
rock at depth. Arsenic released to the aqueous phase by
weathering of As-bearing minerals can remain in solution
or be trapped by adsorption on secondary phases and col-
loids or by coprecipitation reactions (Materaa et al. 2003).
According to Afzal et al. (2007), there is a positive corre-
lation between As and Au content in the gold-bearing host.
Apparently, zones with more than 1 mg/kg Au, contain at least
500 mg/kg of arsenic. Seemingly, Gold mining and processing
seem to play an important role in releasing As from gold-
bearing rocks and veins into the surrounding environment.

As in water

Weathering and erosion of As-bearing minerals releases As
into surface water and ground water resources (Wang and

Table 2 XRD results of rock

samples in the Muteh mining Rock samples

XRD results

district Granite

Oxidised zone (Senjedeh mine)

Oxidised zone (Chah Khaton mine)

Ore (Senjede mine)
Greenschist

Ore (senjede mine)

Ore (Chah Khaton Mine)
Quartz veins

Waste dump

Slag

Albite-quartz-biotite-orthoclase-muscovite

Quartz-albite-orthoclase-muscovite-chlorite-biotite-
geotite-limonite-calcite

Quartz-orthoclase-muscovite-calcite
Quartz-albite-orthoclase-muscovite-realgar-orpiment-pyrite
Chlorite-biotite-hornblende-calcite
Orthoclase-quartz-biotite-realgar-pyrite
Albite-quartz-muscovite-realgar-orpiment-pyrite
Quartz-pyrite-calcite

Chlorite-biotite-hornblende-albite-quartz-orthoclase-
muscovite-geotite-barite-calcite-realgar-orpiment-pyrite

Quartz-geotite-barite-calcite
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Mulligan 2006a, b; Armienta and Segovia 2008; Naidu and
Bhattacharya 2009). Water samples were collected from
tube wells (n = 4), Senjedeh mine (n = 3), Chah-Khatun
mine (n = 2) and drinking water (n = 8) in villages where
human hair specimens were also collected (Table 3).

A useful approach in evaluating the degree of pollution
and potential hazard posed by water is measuring the
permissible quality factor (PQF), calculated by dividing
the maximum concentration of a polluting element by the
concentration given by the drinking water guidelines by
(USEPA 2003) for drinking water (10 pg/l).

The results of water analysis are presented in Table 3. It
can be seen that the calculated PQF for As in water samples
from Chah-Khatun (W-4) and Senjedeh mine (W-7) (38
and 24, respectively) is higher than the recommended
values. Furthermore, As concentration in the water of a
well close to the Muteh gold mine (W-6) is 106 times
greater than the maximum permissible level given by
USEPA (2003) for drinking water. Arsenic content in the
water used for drinking in Muteh (W-17), Golcheshmeh
(W-13) and Yekkeh Chah (W-14) villages is also above the
recommended value, especially in one of the two wells that
supply drinking water to Muteh village and is located near
the metamorphic complex (W-12).

The quality of water considerably improves with
increasing distance from the gold mine and the metamor-
phic complex (Keshavarzi et al. 2009). For example, arsenic
content of a qanat water 10 km south of the metamorphic
complex (W-8) is 7 pg/l. The decreasing trend of As con-
centration is probably related to the decreasing amounts of

As-bearing minerals. High sulphate content in water sam-
ples north of Muteh area suggests that oxidation of sulphide
minerals is responsible for observed high arsenic content.
There is very little doubt that anthropogenic contribution
mostly comes from gold mining and the mineral dressing
plant. In addition, infiltration through the tailing dam
undoubtedly plays an important role in polluting the
groundwater. The highest As content in groundwater
(1,061 pg/l) is encountered in a well south of Muteh gold
complex (W-6). It is known that the effective surface of
crushed As-bearing sulphide minerals in mine tailings
increases considerably, causing a higher rate of oxidation.
This may ultimately lead to the higher bioavailability of
arsenic and other potentially toxic elements. It is notewor-
thy that very little acid mine drainage is produced in Muteh
gold district. The reason is most probably the arid climate of
Muteh area and the presence of a large volume of acid
neutralising marble rocks. High Ca and alkali earth ele-
ments content in groundwater also indicate high buffering
capacity in Muteh region.

As in soil and plants

Food crops generally adsorb arsenic from soil. Two kinds
of not clearly differentiated soil safety standard are com-
monly used. One relates to the health hazard for people
(especially children) eating soil directly, and the other,
relates arsenic concentrations that interfere with healthy
plant growth and satisfactory crop yield (Ravenscroft et al.
2009). The concentrations of some major, minor and trace

Table 3 pH, EC and concentrations of As and major ions in water samples

Sample X Y pH  EC HCO;~ CI” N Ca*" Mgt Na® K" As

no. (uM) (mg/l) (mg/l) (mg/l) (mg/Hh)  (mg/H)  (mg/l) (mg/l)  (pg/h
W-1 474,720 3,728,130 882 1,950 344.8 16.8 700 73.6 87 250 17 32
W-2 474,255  3,727916 778 1,657 340.6 20.9 634 71.7 76.5 276 12 21
W-3 475,644  3,727919 836 1,289 213.6 51.4 698.8 17034  66.83 8135 574 28
W-4 478,234 3,729,333  8.15 11,266 501.84 1,240.7 62919 6413 9477 15169 203 384
W-5 478,142 3,728,268  7.61 1,280 275.4 97.5 5547  130.3 78.9 125.6 9.7 18
W-6 478,822 3,723,989 628 11,408 140346  2,924.6 890.9 2505  303.75 1,895.98 73.89 1,061
W-7 474,554 3,714,747 737 2,545 152.5 957.15 53649  300.6 1275 454.7 3.12 241
W-8 480,151 3,720,682  8.29 862 208.08 203.8 184.9 70.14 304 151.6 2.3 7
W-9 480,249 3,720,445 7.4 2,238 195.8 772.8 4923 1903 60.7 487.7 0.4 19
W-10 485369 3,697,794 7.5 809 335.61 4431 7204 60.12  18.22 90.05  0.78 37
W-11 468,901 3,718,707 836 1,833 322.89 718.52 2129 70.2 40.37 45145 39 61
W-12 480,151 3,720,682 756 3,490 332.6 645 252.8 72.5 56 370 33 52
W-13 465,522 3,731,149 747 1,449 274.08 42.1 428.09  78.14 2837 15158 1.17 21
W-14 455,832 3,727,043 788 1,486 293.06 28.62 449.04 702 24.3 181.3 2.34 26
W-15 471,695 3,702,120  7.21 943 343 79.7 125.5 68.9 30 71.9 3.5 9
W-16 455,863 3,726,990  8.01 1,649 317.46 23.94 539.2 63.2 36.45 21347 351 12
W-17 480,468 3,720,113 776 2,980 333 675 269 67 57.5 485 30.3 37
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2SI =E2REZX elements in the Muteh region soil are presented in
ST T T T°9° Table 4. Samples were collected from two horizons, i.e.,
0-5 cm (topsoil) and 15-20 cm (subsoil) to assess the role
El-g -~ —ddn played by clay minerals and Fe-Mn hydroxides in
adsorbing arsenic and other trace metals. It can be seen
ﬁ § § - that As and trace metals contents in the two sampled
Eld2wgznag horizons are very similar, reflecting a common source for
these elements.
g ﬁ § § % %0 § % Copper is slightly enriched in some topsoil samples,
o § 528 g - ¥R especially in the vicinity of Senjedeh mine, probably due to
@ | o w higher copper mineralization and surface disturbance
I I U caused by gold prospecting activity.
% SRS RLIRIA The measured background values for As, Cu, Fe, Mn,
— O < [~ 0 O O o . .
5|3~ [ " <~ Mo, and Pb in Muteh soil are 26.5, 28.2, 38800, 702, 1.9,
SE - and 18.5 mg/kg, respectively. Natural, background value
8w g - @ for As in Muteh area is higher than both average arsenic
é‘? NI BRI concentration in Earth’s crust (1.8 mg/kg) (Mason and
oo e e e Moore 1982) and the mean global concentration given for
s esgssgvwzg soils (4.7 mg/kg) (Kabata-Pendias and Mukherjee 2007).
§ + O E“ x * Cu, and Fe, background values are also slightly higher than
= . . .
g the average concentrations given for the soils (14 mg/kg
2 SXTA8ZT g for Cu, and 21,000 mg/kg for Fe) (Kabata-Pendias and
O — < N .
TNE| 2 = Mukherjee 2007).
v <t N .
— Table 4 presents the enrichment factors (Brady 1984),
=) lE882383588 3 and geoaccumulation index (Eby 2004) for elements in
8 SITTTTTSSS topsoil and subsoil samples. Arsenic displays the highest
g o o - ° <« enrichment factor among the measured elements, followed
gl g —=-=—=@dm by S, Mo and Pb. Contents of As in topsoil and subsoil
e samples are very similar. Arsenic content north and
'g hY § § - northwest of Muteh mining district (Senjedeh and Chah-
- - O Q9 . . . .
w 8 g R g n 2ae khatoon mines) is high. However, the highest As content
9; occurs in the playa sediments east of the Muteh village,
= Yoo zodag probably resulting from groundwater seepage and sub-
£ _ ; E p 2 § Z 2 & sequent evaporation at the ground surface.
= 22 5« o The high concentration of arsenic and other trace ele-
= ments in the vicinity of the Muteh mining zone rapidly
£ slocssedzy decreases towards Muteh village, reflecting decreasing
% 5 g JERR IS B anthropogenic activities (gold mining and processing).
5 — = < © . e - .
g g g‘ b 5 The possible mobilisation of As in the soils, and sub-
g E sequent leaching into ground or surface water or entry into
i |8 88vwaI|s the human food chain, should always be considered as a
2 S|lifdg@5 % serious hazard (Bhattacharya et al. 2007). Hence, it is
2 £ necessary to show As in different fractions of soils. For this
—:% 9 § § & § § ° & § g a purpose a sequential extraction analysis using Tessier et al.
< 13 - O -~ | © .
< S| & 8 - i \5 (1979) method was performed. The results are presented in
kS £ o a e o . g:c E Table 1. The sum of fractions is higher than the total value
El=elanlel® 8% O B north of Senjedeh and South of Chahkhatoon mines
g a1d15| & & § g resulting in inferior recovery rates. The worse recovery rate
g e e e e e ; = relates to subsample heterogeneity, which is a typical and
é = [ - - unavoidable characteristic when extracting highly con-
<+ |z § S taminated samples (Herreweghe et al. 2003). Significant
= % - o E é amounts of As were found in the residual fraction
< —_ —_ =
=@ ST <0ELZZERwlQ. (55.04-72.41% of the total As). These results probably
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reflect the dominant role of lithology in arsenic speciation.
Ion exchangeable and carbonate fractions, which are gen-
erally considered as “easily releasable” make up less than
6.29%. Fe-Mn oxide ranges from 14.09 to 34.11%. The
organic bound arsenic is less than 13.32%. The low content
of extractable As, suggest that the role played by soil
colloids such as clay minerals, Fe—-Mn hydroxides, and
organic matter in adsorbing arsenic is limited and As
mostly occurs in the residual fraction. However, consid-
ering the high concentration of total arsenic, even small
percent of mobile arsenic is considerable.

Although, the main source of arsenic in Muteh area is
geogenic, there is very little doubt that soil arsenic content
is greatly enhanced by anthropogenic activity, i.e.,
exploitation of Muteh gold deposit.

A. sieberi and P. harmala species are the most abundant
indigenous plant species widely spread in the Muteh arid
region. For this reason, these two types of plants were
sampled and analysed. The results (Table 5) indicate As,
Al, Cu, Fe, and Pb content in A. sieberi is higher than in
P. harmala, while concentration of Na, K, Mg, Ca, P and S
is higher in the latter. The results suggest that Artemisia sp.

Table 5 Concentrations of As and selected elements in the Artemisia sieberi and Peganum harmala species (root and leaf) (mg/kg)

Element N  Plant
Artemisia
Root N Leaf
Min Max Mean Std. error Std. Min Max Mean Std. error Std.
As 9 05 6 2.22 0.635 1.906 12 0.5 8 3.625 0.8121 2.8133
Al 9 2,100 3,700 2,800 196.497 589.491 12 900 4,900 3,066.67 366.873 1,270.886
Cu 9 8 22 14.44 1.482 4.447 12 8 24 14 1.181 4.09
Fe 9 1,800 2,900 2,244.44 146.355 439.065 12 700 4,000 2,508.33 272.602 944.321
Mn 9 68 120 86 4714 14.142 12 38 132 98.17 7.618 26.388
Mo 9 05 2.5 0.722 0.2222 0.6667 12 0 2 0.67 0.094 0.326
Pb 9 05 7 2.5 0.624 1.871 12 1 15 4.58 1.048 3.63
S 9 1,200 3,600 1,827.78 252915 758.745 12 1,600 4,500 2,783.33 237.835 823.886
Na 9 1,400 4,100 2,377.78 276.274 828.821 12 1,600 5,600 2,841.67 343.436 1,189.697
K 9 3500 22,500 7,700 2,033.128 6,099.385 12 5,750 33,100 16,900 2,101.342 7,279.262
Ca 9 6,900 11,700 9,066.67 542.115 1,626.346 12 8,000 12,500 10,200 426.483 1,477.38
Mg 9 1,400 2,100 1,655.56 97.341 292.024 12 1,300 3,300 2,341.67 167.177 579.119
P 9 350 1,300 627.78 100.385 301.155 12 300 3,200 1,329.17 221.262 766.473
Element N Plant
Peanum harmala
Root N Leaf
Min Max Mean Std. error Std. Min Max Mean Std. error Std.
As 2 3 16 9.5 6.5 9.19 9 0.5 1 0.56 0.056 0.167
Al 2 6,500 7,100 6,800 300 424.26 9 200 600 344.44 37.68 113.039
Cu 2 10 12 11 1 1.41 9 6 10 6.67 0.471 1.414
Fe 2 4,800 4,800 4,800 0 0 9 200 600 400 50 150
Mn 2 110 148 129 19 26.87 9 66 130 92 7.986 23.958
Mo 2 0.25 1 0.63 0.38 0.53 9 0.5 2.5 0.889 0.217 0.6509
Pb 2 3 4 3.5 0.5 0.71 9 1 3 1.44 0.242 0.726
S 2 1,250 1,700 1,475 318.2 225 9 3,450 6,200 4,444 .44 279.066 837.199
Na 2 1,600 2,700 2,150 550 777 9 900 14,000 6,355.56 1,435.861 4,307.584
K 2 5,850 6,550 6,065 484 686 9 31,200 52,900 42,700 2,570.236 7,710.707
Ca 2 20,200 22,700 21,400 1,250 1,767.77 9 9,000 18,000 13,000 926.28 2,778.839
Mg 2 1,800 2,500 2,150 350 49498 9 2,800 5,700 4,233.33 342.783 1,028.348
P 2 1,850 3,250 2,550 163.512 490.535 9 1,850 3,250 2,400 163.512 490.535
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tends to bioaccumulate toxic trace elements including
arsenic, while Peganum sp. display high tendency to con-
centrate some major elements. Furthermore, the concen-
trations of some selected elements (Table 5) in the leaves
of Artemisia sp. is higher than in roots.

In Artemisia sp. As is highly correlated with As in both
topsoil and subsoil samples, reflecting the bioaccumulating
nature of this plant for As. The lack of such correlation in
Peganum sp. and the low correlation between trace ele-
ments content and soil suggests the low tendency of this
species for uptake of trace elements. Since A. sieberi is
used as forage in the study area, hence, arsenic maybe
transferred via food chain to humans.

As in human and livestock

An important part in medical geology research is the
evaluation of the influence of natural and anthropogenic
pollutants on biota and humans. Arsenic may extensively
bound to intracellular components and use this pathway to
accumulate in tissues of the lung, kidney, hair and nails

(Vahter and Marafante 1983; Georis et al. 1990). In
humans, As pollution is best indicated in toenails (e.g.
Karagas et al. 2000; Mandal et al. 2003; Schmitt et al.
2005) and hair (Kurttio et al. 1998; Agusa et al. 2006). For
this reason, human hair (male and female) and livestock
hair and wool (sheep and goat) were sampled and analysed
(Table 6). Ten hair samples from the inhabitant of a safely
distant town (Shahre-Kord) were also taken as control
samples (Table 6). The results indicate a higher mean
arsenic concentration in male hair (2.66 mg/kg) compared
with female hair (1.60 mg/kg). Hinwood et al. (2003) also
suggest that arsenic is generally more concentrated in male
hair. The reason is probably: (1) As commonly concen-
trates in the lower parts of hair, and men usually have
shorter hair than women; (2): Men are more exposed to
As-bearing suspended air particulates, and therefore absorb
more arsenic than women.

According to Chowdhury et al. (2000) normal arsenic
levels in human hair is 0.08-0.25 mg/kg (toxicity level
>1 mg/kg). As shown in Table 6, arsenic concentration in
all collected hair samples (male and female) in the Muteh

Table 6 Arsenic content in the hair of Muteh area inhabitants (male and female) and in Shahre-Kord control samples (mg/kg)

Age Statistics ~ Mutech Golchesmeh Yekke Chah Lalbid Shahre-Kord
Male Female Male Female Male Female Male Female Male Female
<15 N 3 1 - - 1 - 1 - - 1
Range 0.98-2.54 141 - - .73 - 0.68 - - 0.05
Mean 1.98 - - - - - - - - -
Median 2.43 - - - - - - - - -
Std. 0.87 - - - - - - - - -
16-30 N 11 10 2 1 1 2 2 3 1
Range 1.08-4.31 0.94-2.25 1.49-1.7 123 1.9 0.88-0.92 0.78-0.86  0.64-0.73  0.11 0.08
Mean 2.51 1.64 1.6 - - 0.9 0.82 0.7 - -
Median 2.55 1.6 1.6 - - 0.9 0.82 0.72 - -
Std. 0.96 0.54 0.16 - - 0.03 0.06 0.05 - -
3145 N 3 7 1 2 1 - - 2 1
Range 3.11-4.17 1.55-2.66 2.11 1.12-1.55 2.88 1.66 - - 0.18-0.3 20.12
Mean 3.62 2.31 - 1.34 - - - - 0.25 -
Median 3.58 2.37 - 1.34 - - - - 0.25 -
Std. 0.53 0.38 - 0.3 - - - - 0.1 -
46-60 N 2 5 - - - 1 1 1 1 1
Range 1.25-422  1.11-3.87 - - - 1.45 0.95 0.81 0.35 0.14
Mean 2.74 2.53 - - - - - - - -
Median 2.74 2.54 - - - - - - - -
Std. 2.1 1.02 - - - - - - - -
>60 N 7 1 - - 1 - - - 1 1
Range 3.76-5.82 244 2.76 1.44 327 - - - 0.26 0.19
Mean 4.27 - - - - - - - - -
Median 3.97 - - - - - - - - -
Std. 1.01 - - - - - - - - -
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Fig. 3 Relationship between
As in hair, age and gender the
Muteh mining district
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area is considerably higher than the concentrations given
by Chowdhury et al. (2000).

Armienta et al. (1997) have shown that arsenic levels in
human organs vary with age. Figure 3 also indicates that
there is a positive correlation between As level in human
hair and age. Apparently, arsenic has bioaccumulated in
time in Muteh area inhabitants. This conclusion was also
reached by other authors (e.g. Yang et al. 2002). Jones
et al. (2005) have already noted that the most likely source
for arsenic poisoning is polluted drinking water.

This is well supported by the high arsenic levels in the
groundwater used for drinking in the Muteh area (Table 3),
as well as high As content in the inhabitants hair, especially
in Muteh village (Fig. 4). Symptoms of As chronic poi-
soning (mild keratosis) already can be seen on the palms
and sols of some inhabitants. Collected samples from wool
and hair of livestock (sheep and goat) also show high
arsenic content in the Muteh mining district. Mean As
concentration in goats’ hair (5.16 mg/kg) is higher than in
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Fig. 4 Box plot showing concentration of arsenic in hair samples in
Muteh area and control samples
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sheep’s wool (4.24 mg/kg) probably indicating that goat is
more susceptible to arsenic toxicity than sheep.

Conclusions

The close association between As-bearing minerals and
gold mineralization is a well-known fact. Economic and
environmental geologists. Economic geologists use this
association to track down hidden gold deposit, while envi-
ronmental geologist generally look at this association from
arsenic pollution point of view in gold-mining areas, such as
Muteh gold district. Thus, the presence of arsenic minerals
such as arsenopyrite and orpiment identified in Muteh
deposit is thought to be the geogenic source of the observed
chronic symptoms seen in the inhabitants of Muteh area.

The result of analyses carried out on different environ-
ments ranging from rock to human hair indicate that
arsenic have moved through all compartments of the bio-
geochemical cycle in Muteh region using either direct or
indirect pathways. However, the well above standard
arsenic content in the drinking water of Muteh, Gol-
cheshmeh and Yekke-Chah villages, indicate that drinking
water is the major cause of arsenic poisoning seen in the
local inhabitants. The lack of symptoms in control samples
(Shahre-Kord inhabitants) confirms this conclusion.
Among indigenous plant species, Artemisia sp seems to
bioaccumulate arsenic among other heavy metals in its
leaves. Since the plant is consumed grazes by sheep and
goats in the area, it provides another pathway for arsenic to
enter the food chain and be ingested by local inhabitants, as
proved by high As content in sheep wool and goats hair.

The observed correlation between arsenic concentration
and age in both male and female inhabitant in Muteh
region suggests that arsenic has bioaccumulated in time,
showing the chronic nature of the observed As-toxicity
symptoms. The higher As content in male hair is probably
the result of higher outdoor exposure. Continuous moni-
toring of arsenic content in drinking water, and sustainable
exploitation of Muteh gold deposit are essential to reduce
arsenic toxicity in the Muteh gold district.
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