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Abstract Arsenic bioavailability in rock, soil and

water resources is notoriously hazardous. Geogenic

arsenic enters the body and adversely affects many

biochemical processes in animals and humans, posing

risk to public health. Chelpu is located in NE Iran,

where realgar, orpiment and pyrite mineralization is

the source of arsenic in the macroenvironment. Using

cluster random sampling strategy eight rocks, 23 soils,

12 drinking water resources, 36 human urine and hair

samples and 15 adult sheep urine and wool samples in

several large-scale herds in the area were randomly

taken for quantification of arsenic in rock/soil/water,

wool/hair/urine. Arsenic levels in rock/soil/water and

wool/hair/urine were measured using inductively

coupled plasma spectroscopy and atomic absorption

spectrophotometry, respectively. While arsenic levels

in rocks, soils and water resources hazardously ranged

9.40–25,873.3 mg kg-1, 7.10–1448.80 mg kg-1 and

12–606 lg L-1, respectively, arsenic concentrations

in humans’ hair and urine and sheep’s wool and urine

varied from 0.37–1.37 lg g-1 and 9–271.4 lg L-1

and 0.3–3.11 lg g-1 and 29.1–1015 lg L-1, respec-

tively. Local sheep and human were widely sick and

slightly anemic. Hematological examination of the

inhabitants revealed that geogenic arsenic could harm

blood cells, potentially resulting in many other

hematoimmunological disorders including cancer.

The findings warn widespread exposure of animals

and human in this agroecologically and geopolitically

important region (i.e., its proximity with Afghanistan,

Pakistan and Turkmenistan) and give a clue on how

arsenic could induce infectious and non-infectious

diseases in highly exposed human/animals.

Keywords Animal/public health � Blood disorders �
Environmental health � Geogenic arsenic � Arsenic
biomarkers � Northeastern Iran

Introduction

Arsenic (As) accumulation, mobility and bioavailabil-

ity in soils, sediments and water and its widespread

exposure is an important global health problem. As a

result of geological phenomena, high levels of

geochemically dispersed As enter the surrounding
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areas in Chelpu district (NE Iran), reaching toxic

levels to surrounding populations and adversely

affecting biochemical processes with considerable

damage to biomolecules, cells and organs. Environ-

mentally, As can be found in both organic and

inorganic forms in water, soil, food and air (Fillol

et al. 2010) and in the body (Porter et al. 2010;

Steinmaus et al. 2010), disrupting many biochemical

processes in cells and organs in human and animals.

Often originating from the weathering of rocks

(Wilson et al. 2010), geogenic As is a very toxic

metalloid. The main minerals containing As are

arsenopyrite, orpiment and realgar. Oxidation of

arsenosulfides and arsenide minerals in the veins or

rock formations is mainly due to the release of As into

the water resources (Smedley and Kinniburgh 2002).

Potable water resources contaminated with As have

directly affected hundreds of millions of people,

worldwide (Hall et al. 2006), and its accumulation in

feed and foods exacerbates this global issue.

International Agency for Research on Cancer

(IARC) has categorized As as a class-I human

carcinogen (IARC 2004). Environmental Protection

Agency (EPA) and the National Research Council

(NRC) and several other research groups have stated

that the many chronic effects in humans might be

associated with long-term exposure of As-contami-

nated water and foodstuffs at a concentration of

[5 lg L-1 (EPA), and even much less than 3 lg L-1

(NRC) causes various infectious and non-infectious

diseases especially cancer in humans (Tamasi and Cini

2004; Hall et al. 2006; Biswas et al. 2008; Fillol et al.

2010; Colin-Torres et al. 2014; Steinmaus et al. 2013,

2014). Many in vitro and in vivo studies have clarified

the As-related immune dysregulation and lung, skin,

blood, colon, bladder and breast cancers (Schulz et al.

2002; Duker et al. 2005; Argos et al. 2006; Andrew

et al. 2008; Banerjee et al. 2009; Steinmaus et al. 2010,

2013, 2014). The most critically affected cells in the

body for As poisoning are blood and immune cells

(Woods and Fowler 1978; Wu et al. 2001; Vizcaya-

Ruiz et al. 2009; Steinmaus et al. 2013). As concen-

tration in biological materials, such as hair, wool,

urine, nails and blood, as useful biomarkers, is used for

As exposure assessment (Hall et al. 2006; Li et al.

2012; Hambidge 1982; Colin-Torres et al. 2014).

Due to structural and chemical similarities of

arsenate to inorganic phosphate (PO4
3-), this bio-

chemically vital PO4
3- is simply replaced by As

(Hughes 2002). Further, in vivo, As is more unstable

and reactive than phosphorous (P), and the observed

arsenate with PO4
3- substitution can disrupt the

activity of many vital enzymes such as glucose-6-

phosphate and 6-phosphogluconate (key component

of pentose phosphate pathway and glycolysis) and

glutathione peroxidase (ATSDR 2007; Biswas et al.

2008), leading to many blood, hematopoietic and

leukocytes disorders. Particularly, As dysregulates

DC–T cell interactions, subsides monocyte differen-

tiation and weakens macrophage and neutrophils

functions (Duker et al. 2005; Banerjee et al. 2009;

Mehrzad 2012;Morzadec et al. 2012). Oxidative stress

is among the most documented mechanisms of As

toxicity and carcinogenicity (Binet et al. 2005; Duker

et al. 2005; Binet and Girard 2008; Vizcaya-Ruiz et al.

2009; Ruiz-Ramos et al. 2009; Pimparkar and Bhave

2010; Luna et al. 2010; Porter et al. 2010).

Considering the broad hazardous effects of As on

the natural environment and animal/public health,

there are few reports related to geogenic As contam-

ination in rocks, soils, water resources and biomarkers

from this agroecologically important NE Iran. This

study was therefore intended (1) to evaluate the

concentrations of As in soil, water and useful

biomarkers such as urine, hair and wool of human

and sheep and blood parameters in highly mineralized

region NE Iran, Chelpu area, (2) to study its potential

relation with health and anemia in local residents and

intensively grazing raised food animals, such as sheep,

and (3) to open a new window to understanding the

molecular mechanisms and functional consequences

of As in inducing infectious and non-infectious

diseases in high As-exposed inhabitants.

Materials and methods

Site and geology description

Chelpu area with an arid climate and mountainous

region is located in Kashmar, SW Razavi Khorasan

province, NE Iran (Fig. 1). Mineralization is the result

of hydrothermal activities and leaching which

occurred along normal oblique-slip fault fractures

formed after the Eocene epoch. Mineralization of As,

antimony (Sb) and gold (Au) is mainly in forms of

veins, veinlets and stokwork in epithermal system

([300 �C, mostly 100–200 �C). Realgar (As4S4),
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orpiment (As2S3), stibnite (Sb2S3), pyrite (FeS2) and

gypsum (CaSO4�2H2O) mineralization is observed in

argillic alteration zones in the Chelpu area (Fig. 1).

Sampling

Cluster random sampling strategy was used for As

analyses of 24 rock samples, 23 soil samples and 12

water samples; also concomitantly 36 urine and hair

samples of rural inhabitants from different locations

and 15 urine and wool samples of sheep were

randomly taken from several large-scale flocks in

different villages of the study area for potential As

exposure.

Rock and soil

Rock samples were taken from argillic alteration and

mineralization zones. About 500 mg of powdered

rock and soil samples were decomposed in a Teflon

vessel with a mixture of 8 mL of concentrated nitric

acid, 5 mL of hydrochloric acid and 2 mL of concen-

trated hydrofluoric acid. The mixture was heated in the

tightly caped Teflon jar for 6 h at 170 �C. After

cooling, the digest was completely evaporated at

140 �C; the dried digest was then dissolved in a 4-mL

nitric and hydrochloric acid mixture (2:2), transferred

into a 50-mL glass tube containing deionized water

(ddH2O) and kept at laboratory temperature until

analysis. Certified reference materials were analyzed

for the quality assurance of analytical data. The

concentration of As in the sample solution was

determined using optical emission spectroscopy with

inductively coupled plasma (ICP-OES, Plus J-Y70) at

the geological survey of Iran, Tehran.

Surface and groundwater

Sampling was conducted on surface and groundwater,

including rivers, springs and water wells in four rural

areas in Chelpu region (Akbarabad, Khazarbeyg,

Keriz and Avandar) in June 2013. In the field, water

Fig. 1 Geographical location, access roads and the regional

lithology of the study area (Chelpu region). The main work,

sampling and focus were on the indicated region (C), where they

were the nearest mineralization area. Khazar-Beyg, Avandar

and Keriz villages were chosen and compared for the impact of

mineralization. Sampling point for rock, soil and water was

shown on the C region of the map
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samples were first aseptically passed through filters

(0.45-lm mesh size) and then collected in 500-mL

polyethylene bottles for laboratory analyses. With

nitric acid (65 %, 14 M) water pH was adjusted toB2,

and then kept at 4 �C for immediate analysis. As in

water was eventually measured using PerkinElmer

ICP-OES 8000 in Kent University (Kent, Ohio, USA).

Urine, hair/wool and blood

Urine, hair and blood samplingwas done randomly (i.e.,

cluster random sampling strategy in different locations/

villages with thoroughly respecting the privacy of the

individuals). Human urine samples were collected in

sterile 50-mL Falcon tubes and were rapidly placed in a

box containing smashed ice (4 �C) to transfer to the

laboratory. Individual hair sampleswere simultaneously

taken and placed in a sterile bag at 4 �C. Urine samples

from sheep at different locations of the study area were

collected by IM injection of Vetazomide (Furosemide)

diuretic or forcing mouth. Wool samples were taken

from the lateral parts of the sheep. All sample contain-

ers, tools and the proceduresof samplepreparation in the

laboratory were done as much clean and sterile condi-

tions as possible. As concentrations in urine, hair and

wool were measured using atomic absorption spec-

trophotometry (AAS, Varian 240SS) in Razavi Hospi-

tal, Mashhad. After 0.1 dilution in ddH2O, the urine

samples for As measurement were prepared by adding

0.005 mL or one drop of HCl 37 % (12 M) in 10 mL of

urine sample for stabilization/fixation of samples and/or

As. Since AAS set is able to measure only trivalent

forms, and in samples both trivalent and pentavalent As

are available, to convert pentavalent As to trivalent

form, potassium iodide (5 drops of 10 %) was added to

10 mL of urine.

To determine the As content in hair/wool, samples

were carefully weighed and digested in extraction

solution [consisting of HNO3, HClO4 and H2SO4 (3

volume of HNO3 70 % (15.8 M), 1 volume of HClO4

70 % (11.6 M) and 1 volume ofH2SO4 98 % (18.4 M)]

and were analyzed after digestion. The procedure of

changing pentavalent As to trivalent was carried out as

mentioned above. Conversion of pentavalent As to

trivalent form was done with the same procedures as

urine. About 500 mg of individual/sheep hair/wool

sample was added to a test tube and mixed with the

extraction solution for complete digestion, and the final

calculated volume was adjusted using ddH2O. To

precisely measure As in the samples, a parallel

calibration from 1 to 100 lg L-1 was always applied

for standard curve calculations. It should be mentioned

that changing unit for hair samples from mass/volume

to volume/volume was carried out, using AAS.

Evaluation of health status of individuals

and sheep

Venous blood samples were randomly collected by

physicians and nurses from donors (individuals and

sheep, of whom urine and hair/wool samples were

already collected). The donors were apparently

healthy and free of prescribed medications. After

sampling, the health history sheet was reported. Blood

samples were transferred to vials containing EDTA

and were kept for hematological analyses in Faculty of

Veterinary Medicines and Qaem hospital, Mashhad.

Many hematological parameters [red blood cells

(RBC), white blood cells (WBC), hemoglobin (Hb),

hematocrit (HTC), mean cell volume (MCV), mean

corpuscular hemoglobin (MCH) and mean corpuscu-

lar hemoglobin concentration (MCHC) indices] were

measured in local residents and sheep. For Hb, the

well-known corrected Hb was recalculated by consid-

ering the altitude of the study locations. Depending on

factors such as gender, age and geographical altitude,

normal Hb and HTC values differ; that is according to

the WHO (2011b) definition,\11, 12 and 13 g dL-1

blood Hb is border line for anemia in pregnant, non-

pregnant women and men, respectively. Anemia can

also be categorized as mild, moderate and severe. The

CBC and total number of circulating WBC were

determined using a Coulter counters (Nihon Kohden,

CellTac a, MEK 6108, Tokyo, Japan and Sysmex KX-

21n, MEK-6450K Tokyo, Japan). Leukocytes were

identified microscopically in blood smears (Mehrzad

et al. 2001; Mohammadi et al. 2014). We also

routinely visited and monitored animals and humans

in the region and evaluated their general health and

performance by asking many questions related to the

issues of As exposure, such as blood, cutaneous,

gastrointestinal, nervous, vision and immune disorders

in humans and sheep, in which we were looking for.

Statistical analyses

Statistical analyses were performed to calculate mean,

SEM,maximumandminimum levels of As in samples,
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Table 1 Arsenic (As) concentrations (mg kg-1 or mg L-1) in rock (n = 8, taken from the mineralized veins) soil (n = 23) and

water (n = 12) samples from Chelpu region

Type Sample

ID

As (mg kg-1 or

mg L-1)

Remarks

Rock R-1-1 17.6 Accordingly (Turekian and Wedepohl 1961; Taylor 1964), As

concentrations in shale, sandstone and carbonate and continental

crust are 13, 8, and 1.8 mg kg-1, respectively. For comparison,

statistical values for rock were: min (9.40), max (25,873.3), median

(3983.6) and mean ± SD (8414.4 ± 10,599) mg kg-1

R-1-2 9.4

R-1-3 1939.4

R-1-4 1792

R-1-5 7487.6

R-1-6 25,873.3

R-1-7 6027.8

R-1-8 24,168.2

Soil (depth

10–30 cm)

S-1 502.3 Based on reference (USEPA 1983), As concentration in soil is 1–50

with mean of 5 mg kg-1. Statistical values for soil were: min (7.1),

max (1448.8), median (19.3) and mean ± SD (113.7 ± 316.4)

mg kg-1. n.d, not determined
S-2 19.6

S-3 18.7

S-4 33.3

S-5 19.7

S-6 n.d

S-7 27.9

S-8 154.2

S-9 33.5

S-10 28.6

S-11 18.8

S-12 21.9

S-13 44.1

S-14 1448.8

Soil (depth

30–60 cm)

S-1 17.1

S-2 19

S-3 16

S-4 8.6

S-5 10

S-6 n.d

Soil (depth

60–90 cm)

S-1 11.6

S-2 25.7

S-3 15.2

S-4 7.1

S-5 12.1

S-6 n.d

Environ Geochem Health

123



and the box plots, quartiles and medians of As levels

were made in urine, hair and wool samples. The

relationship between concentration of urine As with

hair and/or wool As and of hair and/or wool AswithHb

level was analyzed using Pearson’s correlation test. All

statistical analyses were performed using SPSS statis-

tical software version 20 (SPSS Inc., Chicago), and a

p value less than 0.05 was considered as significant.

Results

Rock and soil As

Arsenic concentrations varied from 9.40 to

25,873.3 mg kg-1 in rock samples (Table 1). Mean

As levels in shale, carbonate, sandstones and conti-

nental crust were 13, 1, 1 and 1.8 mg kg-1,

Table 1 continued

Type Sample

ID

As (mg kg-1 or

mg L-1)

Remarks

Water SP-1 0.016 Based on reference (WHO 2011a), As concentration in potable water

is\0.01 mg kg-1. Statistical values for surface were: min (12), max

(0.606), median (0.0315) and mean ± SD (0.079.55 ± 0.1665)

mg kg-1. SP, TAP, TR and W stand for spring water, tap water,

river and well water, respectively

SP-2 0.035

SP-3 0.606

SP-4 0.048

SP-5 0.029

SP-6 0.066

SP-7 0.021

TR-1 0.018

TR-2 0.034

TAPc 0.029

TAPK 0.012

W8 0.0406

In rock samples, As levels had much higher values in comparison with shale, sandstone and continental crust. Soil surface horizons

show higher levels of As, and it decreases with the increase in depth. As concentrations is hazardously higher than natural soils mean

(5 mg kg-1), and concerning enrichment in surface horizons can be absorbed into agricultural crops and herbs of the region. As

content in all water samples is higher than allowable value suggested by WHO. This level of As can cause many health problems and

diseases in animals and humans living in the area

Table 2 Arsenic (As) levels in human urine and hair (n = 14 female, n = 14 male) with the blood parameters (n = 13 female,

n = 12 male), Chelpu–Khazarbeyg

Parameters Male, mean (SD, min–max) Female, mean (SD, min–max) Normal range

Age (years) 47.72 (13.96, 26–77) 41.83 (17.81, 13–72) –

Urine As (lg L-1) 91.28 (83.71, 9–271.4) 95.71 (72.51, 19.5–244.4) \50

Hair As (lg gr-1) 0.83 (0.41, 0.41–1.37) 1.02 (0.31, 0.37–1.23) \1

Hb (g dL-1) 16.08 (1.6, 12.9–17.7) 13.45 (1.33, 11.3–16.8) Male (14–18), female (12–16)

RBC (9106 lL-1) 5.34 (0.82, 3.38–6.31) 4.75 (0.42, 3.77–5.41) Male (4.5–6), female (4.3–5.5)

HCT (%) 49.45 (4.71, 39.2–57.5) 41.90 (4.52, 35–53.5) Male (41–51), female (36–45)

MCV (fL) 95.32 (23.92, 79.2–170.1) 88.24 (5.61, 79.5–98.9) (90 ± 8)

MCH (pg) 31.05 (8.08, 25–55.9) 28.38 (1.56, 25.8–31.1) (30 ± 4)

MCHC (%) 32.5 (1.04, 30.3–34) 32.10 (0.77, 31–32.9) (34 ± 3)

WBC (lL-1) 7825 (2326.58, 5400–13,200) 6484 (1100.64, 3900–7900) 4500–11,000

Neutrophils (lL-1) 4465.75 (1775.27, 2240–7820) 3548.69 (889.76, 2418–5056) 1800–7000

Lymphocytes (lL-1) 2624.58 (884.86, 1722–4620) 2479.08 (694.45, 1053–3450) 1000–4800

Monocytes (lL-1) 412.42 (115.46, 230–584) 304.38 (165.56, 39–552) 0–800

Eosinophils (lL-1) 343.58 (271.19, 64–924) 140.54 (82.32, 68–335) 0–450

Environ Geochem Health

123



Fig. 2 Upper panel box plot of arsenic (As) levels in human

and sheep urine, hair and wool. Unlike urine, by which*70 %

of the most recent As exposure is excreted or eliminated and can

be as a useful biomarker for the very early and acute exposure,

As excessively accumulates in hair and wool, which can be as a

strong biomarker for the far past or chronic exposure. Lower

panel the relationship between concentration of urine As with

hair As in human and urine As with wool As in sheep. This

confirms both acute and chronic As exposure in inhabitants and

animals
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respectively. As levels in studied rock samples were

above the average shale, carbonate and sandstone

contents (Turekian andWedepohl 1961; Taylor 1964).

In soil samples, As concentrations varied from 7.10 to

1448.80 mg kg-1 which is hazardously high (Table 1;

compare this with unpolluted soils which is

1–50 mg kg-1 with mean of 5 mg kg-1; USEPA

1983). This study also showed that the source of As in

the soil of Chelpu area was originated from alteration

of As-bearing sulfide minerals such as realgar, orpi-

ment and pyrite.

Surface and groundwater As

As concentrations varied from 12 to 606 lg L-1 in

water samples (compare this with standard level in

potable water, which is 10 lg L-1 (WHO 2011a). As

concentrations measured in study area water samples

exceeded WHO drinking water quality standards

(Table 1).

Urine and hair/wool As

Urine andhairAs levels are presented inTable 2; briefly,

hair As levels ranged from 0.37 to 1.37 lg g-1 (ppm).

According to ATSDR (2007), As concentrations in hair

sample were 50 % higher than the normal level

(1 lg g-1). Urine As levels ranged from 9 to

271.4 lg L-1 (ppb), which was far above normal level.

For example, in USA (US ATSDR 2007) and France

(INRS 2008), normal levels of urine As should be\50

and\10 lg L-1, respectively. Mean concentration of

As in male and female urine was 91.28 ± 83.71 and

95.71 ± 72.51 lg L-1, respectively, but the mean con-

centration of As in women hair was slightly higher than

that ofmen’s (1.02 ± 0.31 vs. 0.83 ± 0.41 lg g-1) (see

Fig. 2). Based on the USA and France, respectively,

78.57 % and 92.85 of surveyed Chelpu inhabitants’

urineAswas far above the reference value. All of above-

measured levels of As confirm As exposure in inhabi-

tants and thus huge As accumulation in human’s hairs

and sheep’s wool.

Potential health and blood issues associated

with geogenic As

Hematological parameters and mean concentration of

body As in human and sheep is shown in Tables 2, 3

and Fig. 2. Corrected Hb and HTC levels decreased in

sheep with high wool As, but the relation in the

population was insignificant (Fig. 3). In terms of Hb

level, 38.46 and 8.33 % of women and men, respec-

tively, were borderline anemic; these values were

supported by the values of HTC and RBC. Further,

RBC, MCV, MCH andMCHC indices revealed a kind

of mild anemia in humans. HTC–Hb ratio in our

observed/analyzed blood samples was normally *3,

indicating no noticeable anemia. Leukocytosis, neu-

trophilia and monocytosis were also observed in local

individuals (Table 2) and sheep (Table 3). WBC

Table 3 Arsenic (As) levels in sheep urine and wool (n = 7 female, n = 7 male) with the blood parameters (n = 7 female, n = 8

male), Chelpu–Khazarbeyg districts

Parameters Male, mean (SD, min–max) Female, mean (SD, min–max) Normal range

Urine As (lg L-1) 268.91 (315.25, 66–265.8) 285 (331.37, 29.1–1015) –

Wool As (lg gr-1) 0.82 (1.01, 0.03–2.466) 1.84 (0.65, 0.982–3.11) –

Hb (g d L-1) 9.38 (1.01, 8–10.5) 8.37 (1.49, 6.4–10.5) 8–16

RBC (9106 lL-1) 9.78 (1.22, 7.83–11.6) 8.52 (1.69, 6.53–11.2) 9–15

HCT(%) 28.26 (2.99, 23.6–30.5) 24.23 (3.98, 19.6–30.2) 22–38

MCV (fL) 28.49 (1.69, 26–30.1) 28.63 (1.91, 25.8–30.3) 23–48

MCH (pg) 9.69 (0.44, 9.2–10.5) 9.86 (0.35, 9.4–10.3) 8–12

MCHC (%) 33.81 (1.38, 31.2–35.4) 34.07 (1.091, 31.1–36.7) 31–38

WBC (lL-1) 9984 (975.45, 8900–10,900) 10,571.43 (2576.63, 7900–14,200) 4000–12,000

Neut (lL-1) 5245.61 (987.01, 4200–7056) 5871 (2492.02, 2923–10,082) 400–6000

Lymph (lL-1) 3891.78 (1400.30, 1602–5880) 3042 (1094.89, 1328–4968) 2000–8400

Mono (lL-1) 392.37 (347.20, 0–896) 1092.86 (448.81, 623–1843) 0–720

Eos (lL-1) 292.24 (220.55, 105–716) 565 (498.02, 83–1602) 40–1200
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differentiation revealed eosinophilia in individuals

with no strong signs of anemia; indeed in terms of

morphology and content of RBC, anemia is classified

as normoblastic (80–100 fL), macrocytic ([100 fL)

and microcytic (\80 fL) based on MCV. Further, in

terms of MCH and MCHC, of which value is normally

29 ± 2 and 30 ± 4 and 34 ± 3 and 34 ± 2 pg by

manual and device or machine methods, respectively,

occurrence of MCHC hyperchromatic is

physiologically nonexistent. Nonetheless, hematolog-

ically, 56 % (n = 14), 44 % (n = 11), 16 % (n = 4)

and 28 % (n = 7) of the individuals were normal, mild

anemic, mild borderline and boundary anemic, respec-

tively, with higher numbers of anemic women. The

observed morphological types of anemia were nor-

mocytic-normochromic (8 % anemia and 16 % border

anemia), microcytic-hypochromic (4 % anemia), nor-

mocytic-hypochromic (4 % borderline anemia),

Fig. 3 Upper panel histogram related to Hb and corrected Hb.

Lower panel the negative relationship between arsenic (As)

concentrations in human hair and Hb and As concentrations of

wool in sheep Hb level. Both in human and in sheep, with

increasing of As accumulation in the body the Hb levels

decreased. It might be possible that As is probably the cause of

this devaluation and anemia. The corrected Hb, which is the Hb

at 0 m altitude, was calculated with the following formula:

(corrected Hb = measured Hb—fluctuated Hb at the altitude of

study area); according to WHO (2011b), in our study area the

attitude was 1500–2000 m above sea level; the measured Hb

(g dL-1) was thus subtracted by 0.5 and 0.8 for 1500 and

2000 m altitude, respectively. The Chelpu region (Akbarabad,

Khazarbeyg, Keriz and Avandar) is located at 1500–2000 m

above sea level
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microcytic-anisochromia (4 % borderline anemia) and

normocytic-anisochromia (4 % borderline and anemia

4 %). Overall, normocytic-normochromic anemia was

more certain.

We also generally observed slight positive rela-

tionships between urine As and hair/wool As (see

Fig. 3). Further, the correlation between hair/wool As

and Hb tended to be negative (Fig. 3). Apart from

observing a range of infectious and non-infectious

diseases in sheep and human in the study area, some of

the problem was very noticeable compared with what

we normally observe in inhabitants living in non-As-

polluted area. Scheme 1 shows an example of many

health problems observed in human and sheep living

in the study area.

Discussion

In the present study, As levels in water samples were

higher than that the WHO standards (WHO 2011a).

Geochemically, oxidation of As-bearing sulfide min-

erals is the primary source of As in water resources.

Depending on the physicochemical conditions (pH

and Eh changes and intensity of evaporation), pre-

adsorbed highly reactive As is released/spread into the

water resource (Smedley and Kinniburgh 2002),

causing health problems in animals and humans in

our study area. Owing to the carcinogenic effects of

even\3–10 lg L-1 on the blood, lungs, skin, bladder

and the colon (Steinmaus et al. 2010, 2013, 2014), the

standard level of As in potable water should be zero.

Although toxicokinetics of As is complex and

unclear, the half-life of inorganic As is*10 h in human

blood stream, and*70 % As is excreted through urine.

As is also excreted through feces; overall, 45–85 % of

the body As is excreted through urine within 1–3 days,

causing toxicity to urogenital cells (i.e., nephrons,

transitional epithelial cells in ureters, bladder and

urethra, potentially damaging prostate). Sampling of

urine/hair/wool, used here, is strong biomarker for As

exposure in animals and humans (ATSDR 2007; Hall

et al. 2006). Hair/wool/nail/hoof (with their abundantly

high content of sulfur, and strong As affinity to

sulfhydryl/keratin and thus excessive As accumulation)

is also a useful way of distinguishing various types

(chronic and acute) of As exposure in humans and

animals (Hambidge 1982). As such, As bioavailability in

those biomarkers are considered to be a good indicator of

chronic exposure (Das et al. 1995; Hall et al. 2006). The

unexpected not-so-strong urine/hair/wool relation in our

study might be due to (1) occurrence of As exposure for

more than 24 h prior to sampling (2) low number of

random urine, hair and wool samples.

As can cause anemia by affecting on various

biochemical processes in vivo. Chronic As exposure

can adversely interfere with Hb synthesis (Sikder et al.

2008). Normal levels of blood cells and Hb used for

determination of anemia and leukocytosis/leukopenia

are considered in human and sheep blood parameters

(see Tables 2, 3). A decrease in blood Hb/HTC to

below normal level (anemia) and thus poor body’s O2/

CO2 exchanged could lead to many fundamental

health issues. Interpretation of anemic status was

based on considering the physiological and geoenvi-

ronmental attributable factors (WHO 2011b) to Hb

and HTC values; as such, no severe anemic individuals

were observed.

Differential leukocytes count showed that lympho-

cyte levels were higher than neutrophils. In normal

individuals (with no anemia), neutrophil level is

higher than lymphocytes. This can be linked to

potential irritation caused by As with unnecessary

immune response and thus immune disarmament.

Also the observed eosinophilia in individuals with no

sign of anemia supports the point of irritated/sensitive

skin associated with As exposure, since we observed

significant skin disorder cases in the local human and

sheep (see Scheme 1).

bScheme 1 Upper panel overview of the origin and effects of

arsenic (As) in humans and animals, Chelpu, NE Iran. As is

released under the effect of weathering and water leaching from

mineralization, easing As entrance to the surface and ground

water, soil and air; it can also boost absorption of As by herbs

and thus its appearance to the food chain. As can also enter to the

human or animal body through skin, inhalation and gastroin-

testinal tracts. As in the body can be substituted with phosphate,

causing huge oxidative stress and dysregulating the order in

glycolysis pathways and pentose phosphate shunt and thus,

anemia and leukopenia. High levels of As in useful biomarkers

such as hair, wool and urine show that studied individuals and

animals are hazardously exposed to As. Lower panel some

symptoms, diseases and health problems observed in humans

and sheep in the study area. By boosting oxidative stress and

adversely affecting biomolecules like DNA, RNA and proteins

As could cause blood, cutaneous, gastrointestinal, nervous,

vision and immune disorders in human and animals. In our field

study we also observed various, specifically cutaneous, disor-

ders in inhabitants, even many cases of vitiligo, of which

underlying cause would be due, in part, to oxidative stress and

damage to skin specially melanocytes
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Based on MCV, MCH and MCHC parameters,

normochromic-normocytic anemia was relevant in

sheep. Hb and HTC levels decreased in sheep with

high wool As, but the generally observed relationships

in the examined population were insignificant (Fig. 3).

Similar patterns were observed in Pb-exposed inhab-

itants (Schwartz et al. 1990). Observed leukocytosis

with neutrophilia and monocytosis in sheep could be

an indication for chronic infectious diseases.

Mechanistically, As can cause various types of

anemia, especially normocytic-normochromic mild

hemolytic anemia. As-associated iron deficiency ane-

mia is caused by competitive As–Fe absorption in

gastrointestinal tracts, reticulocytes and RBC (Hughes

2002). Hemolytic anemia is also affected by As via

interfering with the activity of enzymes. As could

disrupt oxidative phosphorylation, Krebs cycle, gly-

colysis and thus adenosine triphosphate (ATP) pro-

duction in RBC. ATP is vital for exergonic/endergonic

reactions in cells including RBC. Incomplete produc-

tion of ATP causes chronic hemolytic anemia

(Scheme 1), potentially destroying RBC structure

and functions (more dead RBC), thereby further

depleting ATP as a result (Kyle and Pearse 1965;

US ATSDR 2007; Biswas et al. 2008).

Further, As increases oxidative stress in immune

cells, potentially leading to apoptosis/necrosis

exposed in individuals (de la Fuente et al. 2002; Silva

et al. 1999; Luna et al. 2010). Depending on the

concentration of As and the exposure time, function of

WBC can be changed (Binet et al. 2005; Binet and

Girard 2008). Number of blood cells is reduced by As

exposure due mainly to inhibition of cell activity,

stimulation of cell oxidative stress and reduced

antioxidant capacity (de la Fuente et al. 2002; Wu

et al. 2001; Biswas et al. 2008) (Scheme 1). To

compensate this loss, the body unnecessarily increases

WBC production, via inflammation and hyperactivity

of lymphatic organs, irreparably exhausting/weaken-

ing immunity; that is why in severe case of As

exposure WBC numbers hazardously decrease (Mejia

et al. 1997; Silva et al. 1999). On the other hand, As-

associated oxidative stressed sheep show anemia with

leukocytosis.

Here a strong relationship between anemia, RBC

andWBC in local sheep and individuals exposed to As

was not found, while we were expecting that leukocyte

count would have been decreased in As-exposed

individuals/sheep with low Hb/RBC in anemic

individuals. This discrepancy might be due to the fact

that RBC are more sensitive to lower doses of As

compared with WBC. There are many questions

related to the environmental/epidemiological/im-

munobiological and health effects of As exposure on

the human and animal population. More functional

studies in the field of immunotoxicology related to As

are therefore needed.

Oxidative stress is one of the most documented

mechanisms of As-associated toxicity and carcino-

genicity (Duker et al. 2005; Biswas et al. 2008; Ruiz-

Ramos et al. 2009). Gene–gene and gene–environment

interactions are involved in As-induced health issues,

including genomic instability and oxidative stress

(Vizcaya-Ruiz et al. 2009; Pimparkar and Bhave

2010). Human chronic exposure to As causes keratosis

and vitiligo (Gerdsen et al. 2000; Qiu et al. 2014). Both

intrinsic factors such as gene polymorphisms/muta-

tions, autoimmunity, autotoxicity of melanocytes,

oxidative stress and extrinsic factors such as xenobi-

otics and infectious agents are attributable to vitiligo;

as such, it is recognized that As-induced hypersensi-

tivity and oxidative stress could play a role in ultimate

destruction of epidermal melanocytes (Qiu et al.

2014). Apart from observing many infectious and

non-infectious diseases and health issues in local

sheep and human, we observed unusually several

vitiligo cases in Chelpu area (Scheme 1). Skin/

melanocytes’ redox status of As-exposed inhabitants

at the level of mRNA and protein is worth studying.

Conclusion

Geochemical studies indicate that the water source of

As present in sulfide minerals such as realgar,

orpiment and pyrite in argillic alteration zone-pyrite.

High bioavailability of As (i.e., hazardously high

levels of urine, hair and wool As) supports the

conclusion that indigenous individuals and sheep are

acutely and chronically exposed to high levels of

geogenic As mainly via soil, water resource and

aerosols. Indeed, after systemic As exposure, it is

accumulated in hair and wool and excrete through

urine. Local individuals and sheep here showed

anemia related to toxic effects of As. However, the

precise relationship was not found between As-

exposed anemic individuals with increase or decrease

in WBC. Though As-contaminated population in
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Chelpu area showed huge health problem, many

questions related to the environmental and health

effects of geogenic As on the exposed individuals

remained unanswered.
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