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INTRODUCTION

The occurrence of high concentrations of arsenic (As), one
of themost hazardous chemica & ementsin drinking waters,
hasbeen recognized over the past two or three decades as of
great public health concern in several parts of the world,
including Argentina, Bangladesh, India, Pakistan, Mexico,
Mongolia, Germany, Thailand, China, Chile, the USA,
Canada, Hungary, Romania, Vietham, Nepal, Myanmar and
Iran (Anwar et al. 2003). However, the most widespread
arsenic enrichment of groundwater occursin alargeregion
covering portionsof West Bengal in India and Bangladesh.
Even low levels arsenic exposure can cause a variety of
cancerous(skin, lung, bladder) and non-cancerous (diabetes
mellitus, vascular hypertension, dermal lesions) diseases
(Lottermoser et al. 1999). Arsenicisubiquitousintheearth’s
crust, although generally constituting less than 1% of most
rocks, coals and soils (Casiot et al. 2007). Higher arsenic
concentrationsare associated with alluvial/lacustrine deposits
in semi arid regions, vol canic deposits, alteration rocksand
geothermal systems. The major arsenic containing minerals
are arsenopyrites (FeAsS), reagar (As,S), orpiment and
arsenic trisulfide (As,S,). Arsenic combined with oxygen,
chlorineor sulphur isreferred to asinorganic arsenic, whereas
arsenic combined with carbon-based moleculesisreferred
to asorganic arsenic. In general, arsenic in groundwater is
released from minerals and organic matters. Naturally
occurring arsenic in groundwater aquifers is a result of
various factors, including physico-chemical properties,
regional climate and geological conditions. The causes of

Contamination of the environment by arsenic is one of the major environmental problems. Arsenic is usually
present in small amounts in all rocks, soil, dust, water, air and biological tissues. However, the knowledge of
its source, pathways and hydrogeochemistry are still matters of research and study. The aim of present
study is the arsenic occurrence in sediments and groundwater in the south eastern Kurdistan, Iran that has
caused serious health problems in rural population in the area, especially children, who are running the risk
of hazardous effects of arsenic compounds in environment. The goal of this paper is to present objective
and systematic data on this problem in south eastern of Kurdistan, Iran. Chemical analyses of groundwater
and sediment samples indicate high levels in near alteration rocks.

natural leaching-out of arsenicto groundwater are cons dered
to be oxidation or reduction. The oxidation theory suggests
that causing oxidization of minerals, including pyrite, reaches
out arsenic to groundwater. Also sediments are usually an
efficient means of accumulation and transport downstream
of inorganic contaminants. Arsenic and heavy metals
originatefrom altered rocks, vol canic rocksand minewastes
(tailings) either as particul ate matter or acid mine drainage
(Tamaki et al. 1992). Arsenic associated with geothermal
waters also has been reported in several parts of the world
and Iran. In most of these cases, the origin of arsenic was
attributed to natural sources associated with the regional
geological and hydrological background such asthe reducing
character of thewater, itslong residence time, the low water
flow and a potential impact on the aquifers of the
hydrothermal activity manifested in an adjacent area
(Chormann 1985, Woo et al. 2001)). The arsenic in
Kurdigtan, Iran may originatein anatura enrichment process
by geothermal activitiesand aterationinthe study area. The
primary source and release mechanism of arsenic from
alteration rocks and sediments into groundwater is still not
well understood. The objective of this paper isto carry out
arsenic analysis of drinking waters and sediment samples
from wells and springs in domestic and rural areas of
southeastern Kurdistan and to check if itslevel scomply with
International Standards for sediments and drinking water
(Roseet al. 1979).

MATERIALS AND METHODS
The Study Area
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Thestudy arealiesbetween latitudes 34°50' to 35°30' N and
longitudes47°15' to 48°10 E and | ocated between Hamadan
and Sanandaj. The total geographical area extends in the
study areaisabout 500 sq. km?, and isbordered by Bijar on
the north, Kermanshah town on the south and Hamadan on
theeast (Fig. 1).

Geological Setting

To the north of the geosuture originating from the collision
between the Arabian and the Eurasian plate, occurred an ex-
tensive volcanism (mainly cal c-alkaline) starting from Mid-
dle Eocene. The end of thisvol canism was not synchronous
all along the volcanic belt. Infact, whilein Central Iranthe
calc-akalineactivity endedin Oligo-Miocenetimes, in East-
ern Anatoliaand probably Western Iran it lasted up to Qua-
ternary times, giving riseto large central volcanoes. The con-
tinuing andesitic vol canism in the region facing the apex of
the Arabian block hasbeen interpreted as the local remnant
of the calc-adkaline activity from the subduction of the Ara-
bian plate under Eurasia, which ended in this sector in Up-
per-Lower Pliocene times. After the collision of the north-
ern continental margin of Arabian with the Eurasian block
in Pliocene, the Anatolian and Iranian micro platescameinto
being asasequel to the further northward penetration of the
Arabianplate.
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In the study area (Western Iran), two distinct volcanic
cycleshavebeen recognized. Thefirst one of Upper Miocene
age consists of high-K calc-alkaline volcanic rocks inter-
preted asfinal productsthe calc-alkaline Tertiary phase of
central Iran. The second one, mostly of Pleistocene age con-
sists of undersaturated, mainly potassic, alkaline products.
As the lava of this last phase is dightly fractionated, the
chemical differences shown by these rocks have beeninter-
preted as primitive features related to the physical condi-
tions governing the partial melting in the mantle and/or the
mantle heterogeneity. In a volcanic centre contemporane-
ousbas ¢ and acid magmas have been found, and interpreted
asderived from two different and independent sources. The
alkaline basic vol canism affected the western margin of the
Iranian plate after the Pliocene. Mio-Pliocene and Quater-
nary depositsin East Province, are almost horizontal isdis-
posed. In north and northeast Mehdikhan and south
Qararhbolagh villages, Quaternary igneous magmatic activi-
ties occur as outcrops. Around Delbaran and Maloojeh,
Pliocene highly poroustuff (Pt) show large-scale devel op-
ment. Other sedimentary and Quaternary depositslike marly
limestone, travertine, marls and sandy tuff are shown in
Fig. 2 (Geological Survey of Iran 1999, 2002).

M ethodology
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Fig. 1. Location map of the study area and sampling locations.

Vol. 10, No. 3, 2011 - Nature Environment and Pollution Technology



IMPACT OF ARSENIC ON ENVIRONMENTAL GEOCHEMISTRY IN KURDISTAN 475

Thefieldwork included sampling of the groundwater, aswell
asstream sedimentsand Quaternary sediments. In addition,
samples from altered rocks were also collected. Sampling
was performed after the rainy period, during normal flow
conditions (infiltration period with enrichment by dissolu-
tion-spring season), and adry period (no preci pitation-sum-
mer season). Acidified sampleswere analysed for heavy met-
als and trace elements using inductively coupled plasma

Table 1: Arsenic analysis of sediments (ppm) in THE study area.

atomic emission spectrometry (ICPAES).

Stream sediment samples: Forty six samples of sediments
were collected following the sandard procedures along the
dreamsinthe study area. Sampleswere collected with aplas-
tic spade, transferred to pre-cleaned plastic bags, sealed and
brought to the laboratory (Agresti 2002). All soils and
sediments were oven-dried at 70°C and powdered prior to
analysis. Samples were homogenized (Kolker & Nordstrom

SampleID  X(UTM)?* Y (UTM) Geology Units Arsenic (ppm) Standard Limit (ppm)
1 751547 3930966 Pt 106 40
2 751991 3928047 Plm+Qtr+Qal 27 40
3 754025 3918796 Qc+Pim 32 40
4 746744 3926407 Qc+Pim 110 40
5 755933 3913374 Qc+Qtr+Qal 114 40
6 756230 3909045 Qal+Qft1+PIm+TRJd 44 40
7 756427 3931659 Plm 24 40
8 762018 3925117 Pim+Qt1 21 40
9 759780 3927992 Pim+Qal 24 40
10 766189 3923172 PIm+PlIb+Qft2 10 40
11 764752 3913970 Qft1+PIm 28 40
12 771628 3916009 Pt+Qal 32 40
13 769358 3914423 Plb+Pim+Qal 29 40
14 764893 3910871 Qc+PIms 139 40
15 771373 3910132 Qal+Pim 19 40
16 769395 3906040 Qal+Pim 22 40
17 764093 3917187 Plt 22 40
18 768204 3917168 Plb+PIm+Qtr+Pcg 25 40
19 762548 3920862 Qc+Qtr 22 40
20 756667 3916714 Qc+Qtr+Plb+PIm 36 40
21 742740 3929839 Qal+Pim 202 40
22 767401 3902051 Pt+Qal 70 40
23 772481 3892997 Qal+Qft2 71 40
24 771988 3900733 Qal+Pim 64 40
25 771151 3896941 Qal+Pim 129 40
26 769973 3900392 Qft1+PIm 64 40
27 740031 3929593 Plm 137 40
28 735756 3930328 Qc+Pt+Qtr 22 40
29 739809 3920324 Qc+Pim 14 40
30 736323 3912922 Qc+Pim 13 40
31 746905 3903209 Qal+TRJc+TRJd 14 40
32 751492 3901690 Qal+dg+g+TRJ1+di+TR 11 40
33 748851 3895310 g+dg+Qft2 5 40
34 742376 3899723 TRJ1+TRJ2+Qa 10 40
35 729786 3916860 Qal+Pim 7 40
36 763087 3907863 Pim+Qft2+Qal 38 40
37 762182 3900114 Qft1+PIm 7 40
38 731412 3928808 Pt+MPa 28 40
39 732802 3926080 Qc+Pt+MPa+Pims 92 40
40 737711 3922558 Qft2+Pt 104 40
41 739917 3923903 Qal+Pt+Qft2 70 40
42 733083 3921525 Plm 115 40
43 728688 3922564 Plm 17 40
44 748917 3910550 Qal+Qtr 16 40
45 745737 3913265 Qal+Pim 19 40
46 762689 3890181 Qal+TRJschl+TRJd 15 40

UTM-Universal Transverse Mercator
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Fig. 2. Geological map of the study area (after Ghomashi, Geological Survey of 1ran1999).

2001), quartered and dry-sieved through 165-mm nylon  areasof east of Kurdistan. About 50 groundwater representa-
mesh. tive sampleswere collected from 50 sampling points of east

Groundwater samples: Natural water samples were col- ~ Of Kurdistan with the help of global positioning system
lected from the wellsand springs that supply water torural ~ (GPS). Thewater sampleswere collected in well stoppered
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Fig. 3: Comparison of arsenic pollution of groundwater with international standards.
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Fig. 4: Comparison of sediment pollution with international standards.

polyethylene plastic bottles previously soaked in 10% nitric
acid for 24 h and rinsed with ultrapure water. All water sam-
ples were filtered in the field. Samples for cation analysis
wereacidified (concentrated HNO, to pH = 2), whereasnon-
acidified samples were collected for anion and stable iso-
topeanalysis.

RESULTS AND DISCUSSION

The main study of arsenic contamination isfocused on both
highly contaminated and non-contaminated regions of east
of Kurdistan. Exposuresto arsenic can resultinawiderange
of natural, industrial and biological effectsdepending on the
level and duration of exposure. Varied effects are reported
by range of doses in the developing foetus and infants, the

latter being more sensitive than the adults. High levels of
exposure may result in toxic biochemical impairment in hu-
manswhich in turn cause problemsin the synthesis of hae-
moglobin, kidneys, gastrointestinal tract, joints and repro-
ductive system, and may result in acute or chronic damages
to the nervous system. Average arsenic is estimated 10-50
pg and 1-40g. The majority of rural people in the eastern of
Kurdistan use groundwater from wellsand springs. Arsenic
inthe environment isderived from both natural and anthro-
pogenic sources. Exposures can occur through drinking wa-
ter, air, s0il and dust and also from old paintings containing
arsenic. In the study area the major exposure is from geo-
logical sourcesthrough sediment, soil and water. Chemical
industries too affect the environmental contamination, but

Nature Environment and Pollution Technology - Vol. 10, No. 3, 2011
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Table 2: Arsenic analysis of groundwater (ppb) in study area.
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SampleID  Type X(UTM) Y (UTM) Arsenic (ppb) Standard Limit (ppb)
1 well 776704 3889920 195.3 50
2 well 784289 3891780 137.1 50
3 spring 786085 3893648 123.3 50
4 well 783696 3891524 121.2 50
5 well 776244 3888453 226.6 50
6 well 779594 3895586 242.3 50
7 spring 784268 3899931 245.3 50
8 well 779917 3900856 72.3 50
9 well 776158 3898270 275.3 50
10 spring 774952 3898708 187.9 50
11 spring 776859 3896307 25.96 50
12 spring 772508 3904742 245.2 50
13 well 770666 3910461 179.3 50
14 well 769558 3913189 216.3 50
15 spring 764219 3908625 145.6 50
16 well 735082 3916875 43 50
17 well 733174 3918553 54 50
18 spring 730995 3922493 87 50
20 well 728406 3922057 102.2 50
21 spring 726523 3925126 136 50
22 well 727565 3926324 98.6 50
23 spring 727395 3929749 874 50
24 spring 727518 3931476 64.63 50
25 well 723940 3935092 25.73 50
26 well 723177 3933442 34.84 50
27 well 720424 3932109 37.72 50
28 spring 719254 3931180 32 50
29 well 717103 3927677 125.6 50
34 spring 755225 3918184 220.6 50
35 well 755570 3917857 154.8 50
36 well 755212 3917557 180.4 50
37 well 760355 3919879 18.3 50
38 spring 760001 3919428 123.6 50
40 spring~ 744984 3921054 324 50
41 well 743791 3925018 524 50
42 spring 744053 3926216 65 50
43 well 747191 3907442 15 50
44 well 733374 3942050 8.7 50
45 well 732970 3948047 32 50
46 spring 729753 3948537 25 50
47 spring 723617 3943151 252.6 50
48 well 722210 3943523 54 50
49 well 713718 3944946 21 50
50 spring 723805 3943655 165.3 50

1- Universal Transverse Mercator (UTM)

we can't see any manufacturing and industrial activitiesin
this area that increases pollution. The study indicates that
themain source of arsenic contamination in the environment
inKurdistanisnatura. The metalsexist naturally in the bed-
rock, and are rel eased through weathering. In water, the met-
alsexist in different forms, both dissolved and suspended,
depending on hydrogeochemical environment resulting in
varying solubility, transportation and toxicity.

Groundwater contamination: Arsenic can enter thedrink-
ing water through the entire distribution system including

Vol. 10, No. 3, 2011 - Nature Environment and Pollution Technology

mains, service lines, in-house plumbing, water coolers, and
plumbing fixtures within houses, schools and other build-
ings. The results of thisstudy can be applied for an efficient
tool for pollution handling, their sourcesand evaluating the
environmental impact from the transport of contaminants
into groundwater causing pollution. We have analysed the
arsenic concentration in the saturated zone. In the study area,
the maximum concentration of arsenic occurs at the centre
of theNW and SE tract. All siteswere carefully screened to
eliminate obvious databias. The selected siteswere present
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Fig.5: Groundwater pollution map of arsenic of study area.

in a naturally contaminated zone with geologic formation
(Matsumoto et al. 2000, Pellicori et al. 2005). This screen-
ing resulted in a final dataset of 50 representative
groundwater samples collected from the selected sitesand
included wellsin new residential establishment, older resi-
dences and rural areas and also from springs that are used
for drinking water. Fig. 1 shows the site locations and
Table 2 shows the number and arsenic concentration of the
samplesin the wells and springs. Fig. 6 shows distribution
of arsenic inthe study area.

Sediment contamination: Arsenic is mobile within units
consisting of larger-grained particles that have higher hy-
draulic conductivities (sand, gravel). Compounding the con-
taminati on problem within the sand unit are thephysical char-
acterigticsof itsaquifer and surface drainage. Therelatively
high hydraulic conductivity of the sand unit, coupled with
short resdence time for contamination isresponsible for ar-
senic mobility.

Groundwater rechargesthrough stream base flow. Thus,
any contaminant entering groundwater within the sand and
gravel unit will flow in the general direction of the surface
drainage and would enter asurface stream withinarelatively
short time due to the high drainage density. Another
significant finding isthe presence of elevated concentrations
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Fig.6: Sediments pollution map of arsenic of study area.

of arsenic within the groundwater of the clay and silty clay
geologic units, as mobility of metalsin clay is generally
believedto bevery low. Factors of significanceare very high
concentrations of arsenic within the clay soil units; cracks
within the clay unit allowing some downward migration of
contamination and the long duration and continuous
deposition of arsenic within these areas due to the ateration
rocks of the watershed (EPA 1999).

CONCLUSIONS

Data on representative arsenic concentration in 50
groundwater samples and 49 stream sediment sampleswere
used to define arsenic distribution statisticsfor groundwater
and stream sediments in the region and map its occurrence
and distribution in southeastern of Kurdistan. Significant
sources of arsenic include those that occur naturally in
groundwater and sediments. The groundwater and sediments
typically have higher frequenciesof elevated arsenicin the
study area. Stream sediments acquire arsenic from both
alteration of rock and anthropogenic sources, and stream
sediment statistics for arsenic are correl able with lithology
unitsand geologic activities. The correlations indicated by
theanaysisof arsenic distributionsin stream sedimentsand
groundwater indicate that rocksare most likely the dominant

Nature Environment and Pollution Technology - Vol. 10, No. 3, 2011
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sources of arsenic to most sedimentsand groundwater. High
content of arsenic in sediments and groundwater samples
are noted in a NW toward SE tract in the study area. The
content of arsenic inthese areasisgreater than the standard
levels. Arsenic concentrations are, in general, low in the
common rocks and sediments. However, in the vicinity of
the ore deposits, altered rocksand sedimentsmay berichin
arsenic. Ingeneral, arsenic semsare mostly from alteration
of rocks and smelting of sulfide ores in the study area.
Arsenic-containing ores and alteration zones may heavily
pollute the surroundings, groundwater and stream networks.
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