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Abstract

Arsenic (As) is a toxic metalloid that can cause significant health issues through drinking water. The present study was aimed to
evaluate As distribution and the related health risks from drinking groundwater in rural areas of Hashtroud, Iran. Principal
component analysis (PCA) and hierarchical cluster analysis (HCA) were also applied to better explain relationship pattern
between different resources. The samples were taken from 51 locations in 37 villages. Arsenic concentration was determined
by a polarograph device, and the corresponding carcinogenic and non-carcinogenic health risks were calculated based on US
Environmental Protection Agency (EPA) guideline. PCA analysis extracted four main components that explained nearly 62% of
data variance. Results pointed severe As contamination in the studied area, where As was detected in 78% of the samples ranging
from less than 0.001 to 0.250 mg/L. Forty percent of the contaminated places violated guideline value of 10 pug/L suggested by
EPA and institute of standards and industrial research of Iran (ISIRI). Based on our findings, 1329 people including 239 children
were living in the areas with higher As contamination. Hazard quotient (HQ) in 72%, 59%, and 33% of the samples was higher
than one for children, adolescent, and adult age groups, respectively. Excess life time cancer risk (ELCR) in almost 80% of all age
groups was significantly higher than EPA recommended guideline (10 or 10°®). In summary, from the view point of arsenic HQ
and ELCR, water resources in the studied areas were not appropriate for drinking and hygienic purposes; necessary and urgent
management strategies to guarantee water supply and health safety for local residents should be considered.
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Highlights
* HQ and ELCR violated standards in most of the studied villages. Introduction
* Children in the contaminated places were at most risk.

* In nearly 80% of the resources, ELCR was higher than the d d . di f d
recommended standard. Nowadays, due to severe water scarcity, providing safe an

« As concentration in drinking water of 1329 individual was higher than ~ healthy drinking water is one of the most important challenges
the standard. in most of the societies (Rasool et al. 2016). In developing
» Emergency supervisory actions must be considered to replace water countries, more than 18 million people lose their life every year
resourees. because of waterborne diseases (Beatrice et al. 2019; WHO
Responsible Editor: Xianliang Yi 2006). So, water quality is becoming a major problem in both
rural and urban areas of developing countries (Chalchisa et al.
2018). Infiltration may increase contaminants, rendering
groundwater resources unsuitable for drinking purposes
(Zietz et al. 2007). Contamination of water resources with
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Arsenic (As) is one of the heavy metals that can be found
everywhere in the earth’s crust (Rasheed et al. 2016). People
might be exposed to high arsenic through various pathways,
including drinking water, air, and food (Brahman et al. 2016).
Among them, drinking water is considered as one of the most
important pathway which people may receive every contami-
nant (Hopenhayn-Rich et al. 1996). The international agency
for research on cancer (JARC) has listed arsenic in drinking
water as a group 1 carcinogen (Papillomaviruses 2011).
Furthermore, in the classification of agency for toxic sub-
stances and disease registry (ATSDR), among the 20 most
dangerous substances, As ranks first (ATSDR 2007). The
U.S. environmental protection agency (USEPA) recommend-
ed the maximum contaminant level (MCL) of 10 pug/L as a
guideline for drinking purposes (Bizier and DeBarry 2003;
Standard methods 1915).

Physical, chemical, and microbial properties are main pa-
rameters determining safety and health of drinking water, as
well as its acceptability (Babaei et al. 2014; Jain et al. 2018).
The quality of drinking water including various physical and
chemical parameters should be monitored at regular time in-
tervals. The choice of testing parameters mainly depends on
the purpose of use, amount, and quality of required water
(Patil et al. 2012). A common way to assess water quality
and its sustainability for drinking purposes is to use water
quality index (WQI) that simply states overall water quality
(Abbasnia et al. 2018; Calmuc et al. 2018); in other words,
WQI plays a significant role in water resources management
(Wu et al. 2018).

Multivariate statistical analysis is a manner to assess
groundwater geochemistry variations (Cloutier et al. 2008).
Principal component analysis (PCA) and hierarchical cluster
analysis (HCA) are two of the multivariate statistical methods
widely used to classify groundwater samples, create a corre-
lation between variables, and dimension reduction or structure
detection (Dehghanzadeh et al. 2015). PCA can help to find
the relationship among different variables and explains the
pattern of correlations within a set of variables (Manbohi
and Gholamipour 2020; Zhong et al. 2018). HCA, by group-
ing samples according to their different chemical characteris-
tics, is a strong tool used to identify chemical relationships
between the samples (Dhanasekarapandian et al. 2016;
Zhang et al. 2012).

Some studies have shown that arsenic concentrations in
natural waters range from less than 0.5 to over 5000 pg/L,
worldwide (Ayotte et al. 2015; Lalwani et al. 2006). Arsenic is
toxic even at low concentrations (Wongsasuluk et al. 2014)
and can cause chronic health risks (McGrory et al. 2017). In
Asia, chronic arsenic poisoning is becoming an emergency
epidemic, with more than 100 million people exposed to high
levels of As through groundwater (Saint-Jacques et al. 2014).
Some of the non-cancerous effects of As include skin injuries,
vascular diseases, diabetes, neurotoxicity, liver toxicity,
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chronic cough, and adverse pregnancy complications
(Bakhat et al. 2017; D’Ippoliti et al. 2015). Severe health
effects have been reported in people who received arsenic-
rich waters for long periods (WHO 2001). Therefore, arsenic
health risk assessment from contaminated groundwater con-
sumption and understanding the potential threat to consumers
is quite vital. Hazard quotient (HQ) and excess lifetime cancer
risk (ELCR), recommended by the USEPA, have widely been
used to estimate the potential non-carcinogenic and carcino-
genic risks from arsenic exposure (Liang et al. 2018; USEPA
1998).

Studies emphasizing the contamination of groundwater
with arsenic have been of interest in different parts of the
world, as well as in Iran. Health risk assessment in drinking
water resources and rice in Meydavood area, Khuzestan prov-
ince, showed that the risk level was worrying and unsafe in all
three groups of children, men, and women (Kolahkajl et al.
2018). The prevalence of hyperpigmentation and hyperkera-
tosis due to high concentration of arsenic was reported in a
study in the Bijar region, Kurdistan, Iran (Mosaferi et al.
2008). Ecological risk assessment and origin of heavy metals
including arsenic in surface sediments of Khiyav River, north-
western of Iran, showed that arsenic contamination was due to
various factors such as geothermal activities, hot springs, and
mineral activities (Fard et al. 2018).

Regarding arsenic contamination in drinking water and as-
sociated health risk, no research has been carried out in the
study area. This study was conducted for the first time to
analyze human health risks caused by groundwater arsenic
in the area. The study aims to determine the following: (a)
arsenic spatial distribution and the related health risk in drink-
ing water of Hashtroud and its rural communities, (b) water
quality assessment using WQI, (c) PCA and HCA were also
applied to better understand relationship patterns between var-
iable and resources. Given the crucial role of unpolluted water
on human health, the results of this study may be of interest to
various stakeholders.

Material and method
Study area

Hashtroud (37° 39’ N, 47° 19’ E) is a county in East
Azerbaijan province located northwest of Iran. This county
has two cities, Hashtroud and Nazarkahriz, and 198 villages.
According to the latest information provided by Iranian statis-
tical center in 2017, Hashtroud, with the area of 1990 km?, has
57,199 population which 38.09% and 61.91% of them were
living in urban and rural areas, respectively. Figure 1 shows
the study area and sampling points. Hashtroud’s climate is
relatively cold and dry. The average temperature in the study
ranges between 24 © C for the hottest month and — 2 °© C for the
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Fig. 1 Location of sampling points and the related As concentration

coldest month of the year. The county is located 1150 m above
sea level. The selected villages were representatively covered
all geographical directions, i.e., north, south, east, and west.

Hydrogeology of the study area

The study area in terms of hydrogeological divisions is part of
Caspian Sea drainage basin and Sefidrud River sub-basin.
This area is one of the young volcanic-sedimentary zones.
The geological formations in the region are divided into two
major sections of upper red and pyroclastic deposits.
Pyroclastic deposits have the most expansion in the study
area, and their ages range from Miocene to Quaternary. The
lithology of the area includes limestones, sandstones, con-
glomerate, and volcanic rocks. The study area lacks a large
and extensive aquifer; surface and groundwaters are intercon-
nected in a way that water from precipitation and snowmelt
penetrates the ground. Much of the area’s groundwater is
drained through inter-layer seams through the springs, run-
off, and permeation. Geological studies show that these
springs must be of the mineral type.

Sample collection and analysis

A total of 51 samples of drinking groundwater were randomly
taken from 37 different locations. Replicate samples were

L L L I lKilometers
0 310 620

1,240 1,860 2,480

taken in places where As concentration violated the recom-
mended standards. Samples were collected in clean polyeth-
ylene bottles of 1500-mL capacity, in 2018. Sampling points
were selected in a way that cover the whole study area. All
samples were analyzed based on the standard methods for the
examination of water and wastewater (Standard methods
2017). Sampling containers were washed with double distilled
water and rinsed with sample water, before sampling. Each
sample bottle was labeled and the necessary information was
provided. Groundwater samples were transferred to the labo-
ratory and the physicochemical parameters were measured
immediately. To measure the As concentration, a subsample
was separated from each sample and acidified using nitric
acid (97% w/v) to ensure As fixation. Acidified samples
were stored in the refrigerator at temperatures below 4 °C.
Arsenic concentration was determined using the
polarograph device (Metrohm Co., Switzerland), which
was capable of measuring all heavy metals at the level of
ppb and ppt. The main advantage of the polarographic mea-
surement method is its repeatability and high detection
limit.

Calculation of water quality index

The WQI is useful for assessing groundwater quality
(Kalaivanan et al. 2018). Since the groundwater is the main
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source of drinking water supply in the studied villages,
groundwater quality index (GWQI) was used to assess
groundwater quality. The GWQI is calculated by Eq. (1):

GWQI = ™, SIi = ¥ (Wi x qi)

_z<<zwl‘w1> x (Ci/Si x 100)> (1)

where C; is the concentration of each chemical parameter in
each sample (mg/L); S; is the WHO drinking water standard
for each chemical parameter (mg/L); wi is the assigned weight
according to its relative importance in the overall quality of
water for drinking purposes, which based on the WHO stan-
dard (2011) ranges from 1 to 5; n is the number of param-
eters; q; is the water quality rating; W; is the relative weight;
and SI; is the sub index of ith parameter (WHO 2011). The
assigned weight (w;) and relative weights (Wi) for all the
chemical parameters are shown in Table 1. Computed WQI
values for drinking purposes are usually classified into five
categories that are presented in Table 2 (Sahu and Sikdar
2008).

Multivariate statistical analysis

In this study, principal component analysis (PCA) was applied
to extract significant principal components (PCs). The PCs lie
along the directions of maximum variance. Principal compo-
nents are linear combinations of original variables. In the PCA
prioritization, the most important parameters place in the first
component, and other parameters with lower importance place
in the next components, respectively. Along with the acquisi-
tion of PCs, PCA provides a correlation matrix that describes
the relationship of each parameter to the others (Bhakar and
Singh 2019; Faryadi et al. 2012; Zhong et al. 2018). Also,
hierarchical cluster analysis (HCA) was used to identify
relatively homogeneous groups of variables based on their

Table2  Types of water according to the WQI value

Range Type of water

<50 Excellent water

50-100.1 Good water

100-200.1 Poor water

200-300.1 Very poor water

> 300 Water unsuitable for drinking purposes

intrinsic properties. In HCA, a set of variables is combined
such that the variables of each group, known as clusters, are
more similar to each other than the variables in other clus-
ters (Jiang et al. 2015; Monjerezi et al. 2011; Singh et al.
2005). In this study, the data were evaluated by conducting
PCA and HCA using the SPSS software for windows, ver-
sion 20.

Human health risk assessment

The non-carcinogenic and carcinogenic health risks due to
groundwater contamination by arsenic were estimated using
the USEPA method (USEPA 2005). Arsenic average daily
intake is obtained from Eq. (2):

IR x ED x EF
ADD = & X IR X ED x 2)
BW x AT

where ADD is the average daily dose from ingestion of As
(mg/kg day); C is the As concentration in the groundwater
(mg/L); IR is the daily water intake rate (L/day); ED is the
exposure duration (years); EF is the exposure frequency (365
days/year); BW is body weight (kg), and AT is averaging time
of life expectancy (days). The parameters required to deter-
mine the average daily dose from ingestion of As through
water intake (for three age groups of children, adolescents,
and adults) are presented in Table 3.

Table 1 Relative weight of

physicochemical parameters and Parameter WHO standards(2011) Weight (w;) Relative weight (W;)

WHO water quality standards
pH (on scale) 6.5-8.5 4 0.1212
TDS (mg/L) 1000 5 0.1515
SO4 (mg/L) 250 4 0.1212
Cl (mg/L) 250 3 0.0909
NO; (mg/L) 50 5 0.1515
NO,; (mg/L) 3 3 0.0909
Na (mg/L) 200 4 0.1212
K (mg/L) 12 2 0.0606
Hardness (mg/L) 500 3 0.0909

> w;=33 > W;=1
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Table 3  Parameters required to determine the average daily dose

Age group IR BW EF (day) ED AT (day)
Children 1 13 365 10 3650
Adolescent L5 28 365 18 6570
Adults 2 62 365 72 25,550

Non-carcinogenic risk calculation

Hazard quotient (HQ) is the ratio between the exposure to a
heavy metal and its reference dose, which is used to express
non-carcinogenic exposure. It can be obtained from Eq. (3):

_ ADD

HO="=
Q RfD

(3)

where RfD is the reference dose (mg/kg day). The oral RfD
value for As is 0.0003 mg/kg day (USEPA 2005). If the cal-
culated HQ is less than one, it indicates that there is no adverse
health effect, but if the calculated HQ is greater than 1, there
will be unacceptable non-carcinogenic effect to consumer
health.

Carcinogenic risk calculation

Health risk for carcinogenic exposure was calculated as an
excess lifetime cancer risk (ELCR). The ELCR is calculated
by using Eq. (4):

ELCR = ADD x CSF (4)

where CSF is the cancer slope factor (mg/kg day).
According to USEPA database, the CSF value for arsenic is
1.5 mg/kg day (USEPA 2005). In this study, the estimated
amount of ELCR was compared with the maximum accept-
able risk recommended by the EPA, which is 10%0r107°°,

Statistical analysis

All data were statistically analyzed by Microsoft Excel 2016
and SPSS for windows V.21. Arsenic contamination disper-
sion and HQ interpolation were performed using inverse dis-
tance weighting (IDW) in the Arc GIS 10.3 software.

Results and discussion
Physicochemical characteristics
Some of the most important physicochemical parameters of

drinking water to be tested include pH, total dissolved solids
(TDS), alkalinity, hardness, chloride, nitrate, nitrite, sulfate,

sodium, and potassium. Descriptive statistics for all the pa-
rameters analyzed are shown in Table 4.

pH value gives the amount of hydrogen ion concentra-
tion and determines the corrosive nature of water (Patil
et al. 2012), which is an important factor in water quality
assessment (Sujatha et al. 2012). The pH of drinking water
in the surveyed villages was in accordance with the stan-
dard recommended by WHO (6.5-8.5). In a similar study in
the Maragheh-Bonab region of northwestern Iran, the pH
was in the range of 7.6—8.4, which corresponds to our find-
ings and WHO standard (Fijani et al. 2017). Total dissolved
solids (TDS) mainly comprised of inorganic salts (includ-
ing calcium, magnesium, potassium, sodium, bicarbonates,
chloride, and sulfate) and some small amount of organic
substances that are dissolved in water and affect water qual-
ity (Lanjwani et al. 2020; Vijaya Kumar et al. 2020). The
concentrations of TDS in the studied areas were between 93
and 612 mg/L with an average value of 302.25 mg/L. The
TDS of all samples were within the limits suggested by
WHO (1000 mg/L). A study conducted in northwestern part
of Iran reported that the TDS level in groundwater was
ranged from 193.8 to 2238 mg/L. The maximum TDS level
in that region was higher than the WHO standard and also
does not correspond to the present study (Rostami et al.
2019). Different studies have shown that pH and TDS are
good indicators of groundwater pollution (Abdullahi
et al. 2017; Nwankwoala et al. 2014). Sulfate (SO,) is a
prevalent anion in natural water bodies which, in concen-
trations higher than the recommended values, threatens
both human health and ecological balance (Wang and
Zhang 2019). The concentration of sulfate in the studied
villages’ varied between 1 and 120 mg/L. The analyzed
values were within the WHO recommended limit (250
mg/L). According to a literature, the concentration of SO4
during 2003 and 2014 was in the range of 0.08-22.13 mg/L
(Asadi et al. 2019). High concentration of chloride (Cl)
creates a salty taste in water which is known as a factor of
contamination. Excessive chlorine concentration also have
laxative properties and may cause vascular disease
(Lanjwani et al. 2020; Verma et al. 2017). The concentra-
tion of chloride in groundwater of the study zone varied
from 5 to 130 mg/L. All analyzed values were lower than
permissible limit recommended by WHO (250 mg/L).
Groundwater pollution arising from extreme use of fertil-
izers, animal waste or seepage of sewage, increases nitrate
(NO3) and nitrite (NO,) concentrations in groundwaters
(Sabo and Christopher 2014). High concentration of nitrate
causes methaemoglobinemia in children, abortion, malfor-
mation, and stomach cancer (Sevda et al. 2018). The con-
centration of nitrate and nitrite in the studied areas were
found from 0.01 to 44.5 mg/L and 0 to 3 mg/L, respectively.
According to the WHO guideline for short-term exposure,
the nitrate and nitrite concentration should not exceed 50
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Table 4 Descriptive statistics of

physicochemical parameters in Parameter Unit Average Minimum Maximum Standard deviation

the study area
pH - 7.2 6.8 7.8 0.215
TDS mg/L 302.25 93 612 135.293
SO, mg/L 33.268 1 120 32.490
Cl mg/L 33.464 5 130 33.162
NO; mg/L 13.578 0.01 445 10.219
NO, mg/L 0.205 0 3 0.695
Na mg/L 23.399 0.005 94 25.549
K mg/L 1.976 0 5.15 1.342
Total hardness mg/L as CaCO3 191.419 100 328 67.304
Alkalinity mg/L as CaCO3 175.310 40 320 56.89

and 3 mg/L, respectively. In a similar study, analytical re-
sults of water quality in a part of Hashtroud County close to
Sahand volcanic mountains showed that the concentration
of nitrate was in the range of 4.96-1372.06 mg/L (Mosaferi
etal. 2017).

Sodium (Na) is present in all groundwaters and its high
concentration definitely cause saline taste; furthermore, hyper-
tension and cardiovascular disease are another consequences

of Na presence, reported previously (Lanjwani et al. 2020;
Logeshkumaran et al. 2015). Based on the WHO guideline,
the maximum permissible limit of sodium is 200 mg/L. The
concentration of sodium was varied between 0.005 and 94
mg/L that for all samples were less than WHO limit.
Potassium (K) naturally exists in many rocks, and with the
gradual dissolution of these rocks, the concentration of potas-
sium in groundwater increases over time (Chaurasia et al.

Table 5 Groundwater quality

index classification for individual Sample no. GWQI Classification type Sample no. GWQI Classification type
samples

1 35.952 Excellent water 27 35.044 Excellent water
2 27.846 Excellent water 28 23.478 Excellent water
3 31.705 Excellent water 29 38.498 Excellent water
4 51.364 Good water 30 28.157 Excellent water
5 60.458 Good water 31 47.264 Excellent water
6 56.458 Good water 32 67.661 Good water

7 26.441 Excellent water 33 58.431 Good water

8 22.901 Excellent water 34 76.326 Good water

9 22.473 Excellent water 35 25.656 Excellent water
10 63.301 Good water 36 37.492 Excellent water
11 88.134 Good water 37 33.083 Excellent water
12 79.602 Good water 38 34.288 Excellent water
13 20.476 Excellent water 39 81.478 Good water

14 17.167 Excellent water 40 64.946 Good water

15 21.358 Excellent water 41 24.690 Excellent water
16 22.706 Excellent water 42 24.612 Excellent water
17 57.852 Good water 43 26.497 Excellent water
18 69.612 Good water 44 73.596 Good water

19 26.975 Excellent water 45 41.265 Excellent water
20 37.986 Excellent water 46 74.861 Good water

21 31.994 Excellent water 47 63.219 Good water

22 48.309 Excellent water 48 23.248 Excellent water
23 46.900 Excellent water 49 39.471 Excellent water
24 52.149 Good water 50 46.235 Excellent water
25 67.567 Good water 51 54.462 Good water

26 65.899 Good water
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2018). The concentration of K was between 0 and 5.15 mg/L
in the groundwater of the studied areas that all of them were
lower than the permissible limit recommended (12 mg/L). Our
findings in this regard are in well accordance with those re-
ported previously (Rostami et al. 2019). Total hardness (TH)
is a main factor that arises due to the presence of calcium and
magnesium along with their carbonates, sulfates, and chlo-
rides anions (Arumugam 2013). The desirable limit of 500
mg/L has been recommended for total hardness by WHO.
Hardness ranged from 100 to 328 mg/L, which was within
the permissible limits. Alkalinity is usually a function of the
amounts of carbonate, bicarbonate, and hydroxide ions pres-
ent. Alkalinity acts as a stabilizer for pH (Vijaya Kumar et al.
2020), which in higher amount causes an unpleasant taste
(Chaurasia et al. 2018). Alkalinity values in the studied areas
ranged from 40 to 320 mg/L. WHO has set 200 mg/L alkalin-
ity as an acceptable value in drinking water. It should be noted
that the majority of the samples exceeded the desirable limit.

Groundwater quality index

Water quality index (WQI), due to its ease of use and scientific
basis, has become a common tool in water quality assessment.
The WQI is a single dimensionless number that expresses the
overall quality of water, based on different water quality pa-
rameters, at a given location and time. The results of this index
can be used to determine the sanitation level of water re-
sources (Sutadian et al. 2016). In this study, the GWQI for
51 groundwater samples were calculated using TDS, SOy, Cl,
NOs, NO,, Na, K, hardness, and pH. These parameters have
been widely suggested for WQI calculation (Adimalla and
Qian 2019; Howladar et al. 2018; Rabeiy 2018). The calcu-
lated GWQI values ranged from 17.167 to 88.134 with an
average of 45.049 that is represented in Table 5.
Considering this table, 60.8% and 39.2% of studied samples

3623

Table7 Rotated component matrix for physicochemical parameters
Component

Parameters 1 2 3 4
pH 0.178 —0.106 0.615
TDS —0.246 0.124 0.726 —0.121
SO, 0.814 0.224
Cl 0.660 0.107
NO; 0.712 0.691 -0.419
NO, 0.885
Na 0.500 0.572 —0.160
K 0.118 0.804 0.172
T hardness 0.585 0.113 —0.450
Alkalinity 0.198 0.676 0.245 0.247

showed excellent and good quality, respectively. According to
the results, it can be said that from the physical-chemical point
of view, the quality of groundwaters in the studied areas was
suitable for drinking purposes.

Multivariate statistical analysis

PCA is the most commonly applied multivariate method
which is designed to convert the original variables into new
variables, called the principal components (PCs) (Bhakar and
Singh 2019). In this study, the PCA was carried out to assess
groundwater quality. The PCA results of 10 physicochemical
parameters from 51 groundwater samples are shown in
Tables 6 and 7. Four major principle components (PC1,
PC2, PC3, and PC4) affecting quality of groundwaters are
identified. The first principal component (PC1) after varimax
rotation, accounts for more than 21% of the total variance
(Table 6) and has very high loadings on SO,4, Cl, NO3, and

Table 6 The result of principal component analysis in prioritizing PCA components

Component Initial eigenvalues Extraction sums of squared loadings Rotation sums of squared loadings
Total % of variance ~ Cumulative %  Total % of variance ~ Cumulative %  Total % of variance ~ Cumulative %

PC1 2.141  21.410 21.410 2.141  21.410 21.410 1.862 18.624 18.624
PC2 1.625  16.246 37.656 1.625  16.246 37.656 1.633  16.333 34.958
PC3 1.304  13.043 50.699 1.304  13.043 50.699 1.353  13.533 48.490
PC4 1.102  11.022 61.721 1.102  11.022 61.721 1.323  13.231 61.721
PC5 0.929 9.289 71.010

PC6 0.720  7.196 78.206

PC7 0.701  7.006 85.212

PC8 0.617  6.170 91.381

PC9Y 0472  4.720 96.101

PC10 0390 3.899 100.000
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Fig. 2 Dendrogram for groundwater samples using average linkage between groups
Table 8  Arsenic concentration in the studied points
Sampling point no. Longitude Latitude As (mg/l) Sampling point No. Longitude Latitude As (mg/l)
1 658,799.73 4,132,590.71 0.004 27 678,239.37 4,165,372.43 0.000
2 658,961.00 4,127,586.00 0.014 28 659,692.05 4,153,491.01 0.060
3 656,874.00 4,139,708.00 0.006 29 659,805.65 4,153,743.66 0.070
4 661,171.94 4,144301.48 0.026 30 659,805.65 4,153,743.66 0.090
5 653,720.43 4,113,335.78 0.000 31 659,737.79 4,153,512.20 0.070
6 651,271.85 4,115,828.76 0.009 32 659,737.78 4,153,512.19 0.036
7 658,067.15 4,118,759.54 0.000 33 683,203.13 4,161,195.40 0.005
8 646,458.08 4,144,590.13 0.003 34 685,741.82 4,147,126.03 0.006
9 646,503.60 4,144,584.12 0.008 35 662,516.71 4,148,006.86 0.006
10 649,866.87 4,141,598.36 0.000 36 662,150.90 4,145,613.20 0.015
11 642,867.85 4,145,349.74 0.007 37 658,541.75 4,154,384.14 0.050
12 642,854.32 4,147,533.80 0.000 38 660,335.04 4,149,310.78 0.006
13 644,212.00 4,152,458.00 0.000 39 659,849.80 4,149,001.13 0.245
14 645,370.90 4,138,572.31 0.005 40 659,828.39 4,148,900.06 0.030
15 6,455,523.9 4,155,445.93 0.000 41 666,396.99 4,149,504.82 0.013
16 664,911.85 4,154,355.96 0.000 42 666,152.86 4,149,570.16 0.006
17 659,796.24 4,164,376.76 0.000 43 657,417.20 4,151,812.19 0.040
18 674,008.80 4,146,637.06 0.002 44 642,393.56 4,154,692.38 0.008
19 684,084.24 4,164,711.65 0.009 45 660,051.16 4,145,197.10 0.030
20 685,152.11 4,147,279.74 0.010 46 659,829.46 4,145,278.48 0.040
21 660,274.66 4,145,089.11 0.000 47 697,374.44 4,143,976.40 0.006
22 697,874.82 4,127,415.63 0.009 48 647,786.67 4,136,570.28 0.002
23 697,704.05 4,127,351.41 0.007 49 643,899.05 4,144,672.83 0.003
24 664,102.16 4,155,515.09 0.000 50 644,015.20 4,144,610.64 0.004
25 661,076.71 4,161,483.56 0.005 51 641,885.67 4,149,008.02 0.004
26 662,168.83 4,160,442.87 0.005

@ Springer



Environ Sci Pollut Res (2021) 28:3617-3631

3625

Table 9 Population exposure

status to different arsenic As concentration

Population living in the surveyed rural areas (member)

Children
(under 10 years old)

Adults
(above 18 years old)

Adolescent
(1018 years old)

concentrations through drinking (mg/L)

water
0 727
0-0.01 1663
0.01-1 239

476 368
1095 5551
192 898

TH. The second principal component (PC2), which accounts
for more than 16% of the total variance, has very high loading
on K and alkalinity. The third principal component (PC3),
which accounts for more than 13% of the total variance, has
high loadings on pH, TDS, and Na. The PC4, which accounts
for more than 11% of the total variance, has significant load-
ings on NO,.

The result of HCA for 51 groundwater samples is shown in
Fig. 2. In HCA, clusters are generated sequentially with the
most similar pairs of variables, and more clusters are gradually
produced. The dendrogram provides a graphical summary of
the clustering procedures (Dhanasekarapandian et al. 2016;
Manbohi and Gholamipour 2020). In this study, four different
clusters were obtained which had their own water quality. The
samples from nearby locations fall in the same cluster because
of the appropriate involvement of sampling sites in the devel-
opment of cluster. More than 82% of the water samples were
classified in cluster 4. The average values of Cl, Na, and K were
higher in cluster 1 than other three clusters. Groundwaters in
clusters 1 and 4 were characterized by high TDS concentra-
tions. So, the groundwaters grouped in cluster 1 and 4 were the
most saline groundwaters in the study area. The value of total

Table 10  Descriptive statistics of carcinogenic and non-carcinogenic
risk for each age group

Age categories

Children Adolescent Adults
Hazard quotient (HQ)
Average 5.083 3.540 2.129
Median 1.530 1.070 0.640
SD 10.369 7.222 4.347
Minimum 0 0 0
Maximum 62.820 43.750 26.340
CV 2.039 2.040 2.041
Excess lifetime cancer risk (ELCR)
Average 0.002 0.001 0.0009
Median 0.0006 0.0004 0.0002
SD 0.004 0.003 0.001
Minimum 0 0 0
Maximum 0.028 0.019 0.011
CvV 2.038 1.924 2.039

hardness is higher in clusters 1, 3, and 4 than cluster 2, with the
mean values of 210 mg/L hardness as CaCOj; in cluster 1, 196
mg/L as CaCOj in cluster 3, 194.6 mg/L as CaCOs in cluster 4,
and 94 mg/L as CaCOj; in cluster 2. Samples in cluster 3 are
characterized by higher NO; concentration with mean values of
28.5 mg/L. Therefore, cluster 3 shows the relatively more toxic
state than other three clusters. In the study area, pH values
ranged between 6.8 and 7.8. Groundwaters in cluster 3 have
slightly higher pH value than clusters 1, 2, and 4. The first
cluster comprises of two groundwater samples (S1 and S29)
which have the lowest alkalinity.

Arsenic concentration in the study area

Concentration of As in water resources and the amount of
water taken daily are two main factors affecting the amount
of arsenic ingested through drinking water. It has been stated
that higher arsenic concentration along with higher water con-
sumption will lead to arsenic poisoning in the population
(Bhowmick et al. 2018). In all studied villages, groundwater
is the main source of drinking water supply.

Excessive variations of arsenic levels were found between
different studied villages (see Fig. 1). Table 8 shows the As
concentration in the studied groundwater samples. Arsenic
was detected in 78% (40 out of 51 samples) of the samples.
Among the contaminated places, As concentration in 60% of
the samples was less than the EPA and ISIRI guideline value
(10 pg/L), while 40% of the samples violated the recommend-
ed standard. The highest concentration of As was measured in
the Saadatlu village (sample no. 39) with a concentration of
0.245 mg/L, which was 24.5 times higher than the
recommenced standard.

Health risk assessment

Arsenic is a toxic metalloid which presents in both organic
and inorganic forms, whose inorganic form was far more toxic
and typically is widely spread in natural environments such as
soil and groundwater (Jiang et al. 2019; Kumar et al. 2016).
Arsenic poisoning can have acute or chronic effects. Acute
poisoning that usually happens rarely leads to shock, multi-
organ deficiency, and death. Prolonged human exposure to
arsenic will cause chronic health problems including a variety
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Table 11 The results of carcinogenic and non-carcinogenic risk of

arsenic

S.No HQ ELCR

Children Adolescent Adults Children Adolescent Adults
1 1.0256  0.7142 0.4301 0.0004  0.0003 0.0001
2 3.5897  2.5000 1.5053 0.0016 0.0011 0.0006
3 1.5384 1.0714 0.6451 0.0006  0.0004 0.0002
4 6.6666  4.6428 2.7956 0.0030  0.0020 0.0012
5 0 0 0 0 0 0
6 2.3076  1.6071 0.9677 0.0010  0.0007 0.0004
7 0 0 0 0 0 0
8 0.7692  0.5357 0.3225 0.0003  0.0002 0.0001
9 2.0512  1.4285 0.8602 0.0009  0.0006 0.0003
10 1.2820  0.8928 0.5376 0.0005  0.0004 0.0002
11 0.7692  0.5357 0.3225 0.0003  0.0002 0.0001
12 1.0256  0.7142 0.4301 0.0004  0.0003 0.0001
13 1.0256  0.7142 0.4301 0.0004  0.0003 0.0001
14 0 0 0 0 0 0
15 1.7948  1.2500 0.7526  0.0008  0.0005 0.0003
16 0 0 0 0 0 0
17 0 0 0 0 0 0
18 2.3076  1.6071 0.9677 0.0010  0.0072 0.0004
19 2.5641  1.7857 1.0752 0.0011  0.0008 0.0004
20 0 0 0 0 0 0
21 2.3076  1.6071 0.9677 0.0010  0.0007 0.0004
22 1.7948  1.2500 0.7526 0.0008  0.0005 0.0003
23 1.5384  1.0714 0.6451 0.0006  0.0004 0.0002
24 0 0 0 0 0 0
25 1.2820  0.8928 0.5376 0.0005  0.0004 0.0002
26 1.2820  0.8928 0.5376 0.0005  0.0004 0.0002
27 0 0 0 0 0 0
28 7.6923  5.3571 3.2258 0.0034  0.0024 0.0014
29 10.256  7.1428 4.3010 0.0046  0.0032 0.0019
30 9.4871  6.6071 3.9784 0.0042  0.0029 0.0017
31 15384 10.714 6.4516 0.0069  0.0048 0.0029
32 17.948  12.500 7.5268 0.0080  0.0056 0.0033
33 23.076  16.071 9.6774 0.1038  0.0072 0.0043
34 9.2307  6.4285 3.8709 0.0041  0.0028 0.0017
35 17.948  12.500 7.5268 0.0080  0.0056 0.0033
36 1.5384 1.0714 0.6451 0.0006  0.0004 0.0002
37 1.2820  0.8928 0.5376 0.0005  0.0004 0.0002
38 0.5128  0.3571 0.2150 0.0002  0.0001 0.0000
39 1.5384 1.0714 0.6451 0.0006  0.0004 0.0002
40 62.820  43.750 26.344 0.0282  0.0196 0.0118
41 7.6923  5.3571 3.2258 0.0034  0.0024 0.0014
42 0 0 0 0 0 0
43 0 0 0 0 0 0
44 0.5128  0.3571 0.2150 0.0002  0.0001 0
45 20.512  14.258 8.6021 0.0092  0.0064 0.0038
46 2.3074  1.6071 0.9677 0.0010  0.0007 0.0004
47 2.0512  1.4285 0.8602 0.0009  0.0006 0.0003
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Table 11 (continued)

S.No HQ ELCR
Children Adolescent Adults Children Adolescent Adults

48 2.0512  1.4285 0.8602 0.0009  0.0006 0.0003
49 2.8205  1.9642 1.1827 0.0012  0.0008 0.0005
50 3.0769  2.1428 1.2903 0.0013  0.0009 0.0005
51 3.0769  2.1428 1.2903 0.0013  0.0009 0.0005

of diseases and cancers (Gunduz et al. 2017). The response to
arsenic exposure varies from person to person, but some vul-
nerable groups, such as pregnant women, infants and children,
the elderly, and those with poor immune systems, are at great-
er risk of health effects (Alexander et al. 2009; Hong et al.
2014; Rasheed et al. 2016). Due to the volcanism of the study
area and the high volcanic ash distribution, the origin of the
contamination can be attributed to these compounds. Previous
studies in the adjacent area also confirmed the role of volcanic
activity in increasing arsenic levels in these areas
(Behbahaninia and Farahani 2016; Mosaferi et al. 2008).
Since there is no industrial or urban contaminant activities in
the study area, the only anthropogenic source that can be as-
sumed for this contamination is the application of arsenic-
containing fertilizers and pesticides; however, agricultural ac-
tivity in the studied area is typically in the form of dry farming,
and fertilizers or pesticides are not widely used, so they cannot
be the main cause of contamination (Behbahaninia and
Farahani 2016). Due to the natural origin of arsenic in the
study area and the use of groundwater by local residents for
hygienic, drinking, and irrigation purposes, arsenic accumula-
tion during the time is very likely. Our findings showed that
there are obvious health risks for some residents in some areas.
Based on the results presented in Table 9, 1329 people includ-
ing 239 children, 192 adolescents, and 898 adults in the stud-
ied rural areas were exposed to arsenic concentrations above
the recommended values (10 pg/L). Non-carcinogenic and
carcinogenic health risks of arsenic are calculated and deeply
discussed in the following section.

Carcinogenic and non-carcinogenic risks

The evaluated HQs through Eq. (3) varied from 0 to 62.82, 0
to 43.75, and 0 to 26.34 for children, adolescent, and adults,
respectively. Statistics regarding the hazard quotient (HQ) in
different age groups are listed in Table 10. According to the
table, the average HQ in three age groups is higher than 1. So,
the occurrence of non-carcinogenic risk is very likely. The
maximum HQ and ELCR value was calculated for children
age group. The HQ values in different age groups were in the
following order: children > adolescent > adults. Table 11
shows the carcinogenic and non-carcinogenic risks for studied
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Fig. 3 The HQ map of As in the study area for children (a), adolescents (b), and adults (c)

locations. Italicized values in this table indicate risks higher
than permissible level. The HQ values in 37 (72.5%) drink-
ing water sources were above the standard recommended
for children age group, which must be considered as a se-
rious risk factor. In addition, in nearly 59% (30 out of 51)
and 33% (17 out of 51) of the samples, the calculated HQ
were higher than the guide line value for both adolescents

and adult age groups, respectively. Because children con-
sume more water per unit of body weight than adults, they
are more vulnerable to non-carcinogenic arsenic toxicity.
The non-carcinogenic effects of arsenic include cardiovas-
cular disease and diabetes (Phung et al. 2017). Based on
arsenic contamination dispersion map and interpolation of
HQ by IDW method in GIS software (Fig. 3), arsenic health
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Fig. 3 continued.

risk from drinking water resources was estimated for the
age groups of children, adolescents, and adults. According
to Fig. 3, it is clear that for children age group, most areas
are at higher risk.

The ELCR of arsenic exposure via drinking water was
calculated by Eq. (4). The evaluated ELCR varied from 0 to
0.028, 0t0 0.019, and 0 to 0.011 for children, adolescent, and
adults, respectively. According to Table 10, the average
ELCR calculated via arsenic exposure in the three age groups
was in the order of as follows: children > adolescent > adults.
The ELCR values more than the recommended standard are
indicated as italics in Table 11. According to this Table, 80%
of the population of children and adolescents and 78.4% of
adults in rural areas were exposed to ELCR values higher than
the range defined by the USEPA (10™*). In other words, in the
study area, 40 drinking water resources had ELCR higher than
those defined by the USEPA for all three groups of children,
adolescents, and adults. In contaminated areas, there is carci-
nogenic potential due to drinking water contaminated with
arsenic; the common types of cancer in chronic arsenic expo-
sure are skin, kidney, bladder, gastrointestinal, and lung can-
cers (Sadeghi et al. 2018). Therefore, arsenic in drinking water
is a serious threat to residents of the area.

A similar study was conducted in Shabestar, northwest of
Iran, and indicated that As with 95% contribution in the total
noncarcinogenic risk and HQ content greater than 1 was the
most effective element to induce health risk in both children
and adults (Barzegar et al. 2019). Also, Sadeghi et al. (2018)
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reported that all the ELCR values for each age group were
higher than the recommended limits due to contaminated
drinking water in Ardabil, northwest of Iran (Sadeghi et al.
2018).

Conclusions

The physicochemical characteristics and arsenic concentration
of groundwater of Hashtroud villages were evaluated. The
physicochemical parameters in the studied areas were within
the WHO standard. Also, the WQI showed excellent and good
water quality. By PCA, four significant principal components
(PCs) were extracted that explained 61.7% of the data vari-
ance. Also, HCA played a key role in identifying the spatial
similarity between the groundwater samples in the study area.
The hazard quotient (HQ) and the ELCR were used to define
priorities for the health risk assessment. The maximum HQ
was found for children age group. Also, 80% of'the population
of children and adolescents and nearly 78% of adults were
exposed to ELCR higher than the USEPA recommended stan-
dard. According to the results of this study, continuous mon-
itoring of drinking water resources is recommended as the
necessity of earth nature of the contamination. Unlike WQI
results, risk assessment results indicated that most of the re-
sources were not appropriate for drinking purposes. As the
population were at higher risk of As contamination, local au-
thorities must take some supervisory actions such as using
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either alternative water resources or efficient treatment tech-
niques to purify water used for drinking and hygienic pur-
poses. Epidemiologic investigations to find As health out-
comes in the population living in the contaminated villages
is suggested for future studies.
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