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A B S T R A C T

This study focuses on the contamination of groundwater by heavy metals (HMs) in the Kurdistan
Province of Iran, an area heavily reliant on these water resources, especially in rural regions. This
research aimed to quantify the concentrations of 20 HMs in groundwater sources and assess the
associated health risks, including both carcinogenic and non-carcinogenic effects, for different
age groups. The study was conducted in 2024. We collected 155 groundwater samples from water
resources of the villages in Kurdistan Province, west of Iran. The study encompassed compre-
hensive sampling of groundwater from various wells and springs throughout the province, which
was subsequently subjected to thorough laboratory analysis utilizing Inductively Coupled Plasma
Mass Spectroscopy (ICP-MS) for the quantification of heavy metal (HM) concentrations. The
highest concentrations of As, Co, Cu, and Mo were 7.90, 0.22, 2.48, and 1.68 μg/l, respectively. It
was related to the cities of Qorveh, Sanandaj, Baneh, and Qorveh respectively. A Health Risk
Assessment (HRA) was performed, indicating that, while the concentrations of most HMs were
within the thresholds established by national and international standards, certain metals, such as
arsenic and lithium, presented notable non-carcinogenic risks, especially to children. These
metals were responsible for over 48 % of the cumulative hazard index (HI) across all ten cities
evaluated. Furthermore, the HI for the adult demographic exceeded 1.0 (specifically 1.23)
exclusively in Qorwe city. The study also identified a high carcinogenic risk associated with lead
across the province, which has a carcinogenic risk of 7.3 × 10− 03 in 10 studied cities, which is
more than the guideline value of 10− 04. The findings underscore the urgent need for continuous
monitoring and the implementation of preventive measures to safeguard public health. The re-
sults provide crucial insights for policymakers and health authorities, facilitating informed de-
cisions to mitigate the health risks posed by HM contamination in the region’s groundwater.
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1. Introduction

Water is a fluid that is essential for the life of human beings and other living organisms. Of all the water on the Earth, freshwater
accounts for only 3% and humans have access to only 0.01% of this amount for various purposes [1]. Countries experiencingmoderate
to high water stress have accommodated about one-third of the world’s population. Furthermore, water scarcity, on one hand, and the
increasing population growth, on the other hand, have put many regions of the world under the influence of water scarcity [2]. The
World Health Organization (WHO) estimates that by 2025, half of the world’s population will face water scarcity [3]. Groundwater
constitutes at least half of the freshwater resources worldwide and is used for various purposes such as drinking, agriculture, and
industrial uses [4]. Groundwater represents a critical source of potable water, supplying approximately one-third of the global pop-
ulation [5]. Suitable microbiological quality, acceptable aesthetic properties, ease of purification, and desirable physical character-
istics (taste, odor, and color) havemade the use of groundwater resources widespread and a priority [6]. However, various studies have
shown the possibility of its pollution due to different pollutants. Among these pollutants, heavy metals (HMs) and their compounds
have garnered significant attention from researchers. These pollutants originate from both natural sources (water and air, groundwater
flow through various types of rocks, topography, soil type, and saltwater intrusion in coastal areas) and human activities (wastewater
discharge, mining, industries, and agricultural activities), leaving undesirable effects on the quality of groundwater [7–11]. The
presence of HMs in drinking water after conventional treatment processes and the possibility of creating chronic cumulative effects in
small amounts classify these metals as hazardous pollutants with severe negative effects on human health [12]. The intensity of these
pollutants’ effects has led to their inclusion in the 2007 CERCLA Priority List of Hazardous Substances [13].

The high toxicity in small amounts, non-biodegradability in elemental forms, tendency to form more toxic organic compounds,
long-term stability, and biological accumulation in various body tissues are among the most important characteristics of HMs that pose
significant health risks to populations [14–17]. The toxic effects and lethality of HMs occur through mechanisms that override the
organism’s control mechanisms and arise after establishing connections with specific cellular components [18]. Drinking water
ingestion accounts for the majority of human exposure to HMs through three human exposure pathways, including absorption,
inhalation, and ingestion [19,20]. Some HMs are essential for the body’s natural functions. These metals serve as facilitators of re-
actions and major catalysts in the body’s biochemical reactions. However, high concentrations of these metals pose health risks to
human populations [4,9]. Moreover, their accumulation in water sources can lead to public dissatisfaction due to the reduction in
aesthetic quality characteristics [21]. Although concentrations lower than the standard levels of these metals can slow down biological
functions [22]. Growth and reproductive processes require the presence of necessary amounts of iron, cobalt, copper, zinc, chromium,
vanadium, selenium, and molybdenum in the body, and excessive accumulation of these metals can lead to toxicity [23].

Accumulation of aluminum and copper in drinking water also plays a role in the development of Alzheimer’s disease [23,24] and
gastrointestinal disorders [25]. Another group of HMs includes arsenic, lead, mercury, cadmium, and nickel, which exhibit more
severe effects at lower concentrations and are known as toxic metals [5]. Absorption of arsenic and cadmium through the digestive
system leads to diseases such as allergies and cancer, and chronic exposure to arsenic in drinking water will have an impact on bladder,
lung, and prostate cancer [26]. Diseases of the cardiovascular system, skeletal system, and urinary excretion system have been
observed due to long-term exposure to small amounts of cadmium. Antimony also plays a role in the development of cardiovascular
diseases [25]. Lead is another toxic metal that has caused damage to the fetus and embryo in pregnant mothers, as well as anemia in
other individuals [23]. Mercury has posed risks in relation to autoimmune diseases affecting human health [27]. The expansion of
human activities worldwide and the production of large amounts of various pollutants, including HMs, have led to contamination of
water, air, and soil, creating health risks for the human population. The severity of these risks underscores the importance and ne-
cessity of prioritizing health risks arising from these metals and evaluating them in sustainable development programs for various
communities [28].

According to the United States Environmental Protection Agency (US EPA) standards, the permitted concentration levels of various
metals in drinking water are as follows: Aluminum (Al) at 50 μg/L, Arsenic (As) at 10 μg/L, Cadmium (Cd) at 5 μg/L, Chromium (Cr) at
100 μg/L, Iron (Fe) at 300 μg/L, Mercury (Hg) at 2 μg/L, Manganese (Mn) at 50 μg/L, Lead (Pb) at 15 μg/L, Zinc (Zn) at 5000 μg/L,
Barium (Ba) at 2000 μg/L, Beryllium (Be) at 4 μg/L, Copper (Cu) at 1300 μg/L, and Antimony (Sb) at 6 μg/L.

Health Risk Assessment (HRA) is a method used to estimate the potential health effects of several pollutants, including HMs, in an
ecosystem and quantify them, especially in aquatic environments. It has been widely used in various research studies in recent decades
to increase public awareness and inform relevant authorities [29,30]. HRA involves four stages: hazard identification, exposure
assessment, dose-response assessment, and characterization of risk attributes [21].

Kurdistan Province is located in a mountainous region, where agricultural activities, soil geochemistry characteristics, and the
presence of various point and non-point pollutant sources, where it may create a basis for groundwater pollution with different HMs.
Since groundwater is the main source of water supply, especially for drinking purposes in rural areas of the province, it is essential to
conduct a continuous monitoring and surveillance of these sources for HMs contamination and compliance with national and inter-
national standards. The continuous reliance on groundwater as a primary source of drinking water by rural residents in the Kurdistan
province raises concerns regarding potential contamination by various HMs and the associated health risks stemming from the
accumulation of these metals in human tissues. Despite the recognized significance of this issue, there is a notable deficiency in
comprehensive studies assessing the concentrations of diverse HMs across groundwater sources in the rural areas of all cities within
Kurdistan province. Previous investigations have often overlooked several critical heavy metals, underscoring the necessity for further
research in this domain. Additionally, it is imperative to re-evaluate the concentrations of HMs reported in earlier studies over time and
to assess the health risks posed by the consumption of contaminated groundwater by the rural population. Therefore, the present study
aims to quantify the concentrations of both essential and toxic heavy metals in groundwater resources, specifically wells and springs,
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within the rural regions of Kurdistan province. Furthermore, this research will evaluate the carcinogenic and non-carcinogenic health
risks associated with heavy metal exposure for rural consumers across various age demographics. The results of this study provide
valuable information about the current status of HMs in groundwater in the province and the health risks associated with them,
empowering policymakers and decision-makers in the water and health sectors to regulate effective control and preventive man-
agement policies and enhance health indicators, ensuring the maintenance of an acceptable level of health.

2. Material and methods

2.1. Study area

Kurdistan, Iran (34.3277◦ N, 47.0778◦ E) has a rural population of over 946,500 and is an area of 95 Km2 located in Western Iran.
The climate of the study area is mountainous and characterized by an average annual rainfall of 455 mm and a temperature range
between − 15 and 40 ◦C.

2.2. Groundwater sampling

The sampling was undertaken in 2024 using the sampling method reported previously [16]. We collected 155 groundwater samples
from 15 villages (except Baneh city, where 20 samples were collected) within a radius of 15 km in all ten cities of Kurdistan province,
Iran (Fig. 1). These sampling stations were selected based on a careful study of geographical distribution, proximity to possible sources
of pollution and representation of diverse environmental conditions. Wells and springs were drained at least 15 min before the start of
sample collection. It was ensured that there was no air in the upper part of the bottle.

2.3. Preparation of samples

In order to sampling, polyethylene bottles were washed with 1 % nitric acid (1 % HNO3), and double distilled water was used. At
the time of sample collection, the containers were washed three times with well and spring water before collecting the samples.
Reducing the pH below 2 was done using 20 % nitric acid to prevent the possible precipitation of cations, increasing the pH and the
growth of microorganisms and minimizing surface absorption by the vessel walls. All samples were transported to the laboratory in
chilled containers and kept in a refrigerator at 4 ◦C until analysis. Analysis was done 48 h after sampling. Inductively Coupled Plasma
Mass Spectroscopy (ICP-MS) was used to quantify the concentration of 20 studied heavy metals (Al, As, Hg, Cd, Pb, Co, Cr, Ni, Zn, Fe,
Mn, Ba, Br, Cu, Li, Mu, V, Sb, Sr, and Sn). The instrument used was ICP-OES with flared end EOP torch 2.5 mm and a pump rate of 30
RPM (Spectro arcos, Germany). All measurements were conducted three times for each sample to ensure repeatability.

Fig. 1. Location of the study area.
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2.4. Human health risk assessment

2.4.1. Non-carcinogenic health risk
In order to evaluate the non-carcinogenic risk associated with heavy metals through drinking underground water, Eq. (1) was used

as follows [31,32]:

HQing =
Ci × IRing × EFi × ED
BW× AT× RfDing

× 10− 3 (1)

Where HQing is the hazard quotient, IRing is the ingestion rate (ml/d), EFi is the frequency of exposure (d/yr), ED is the exposure
duration (yr), Ci is the heavy metals concentration (μg/L), BW is the average body weight (kg), AT is the average time for non-
carcinogen exposure that = (EF × ED) (d), RfDing indicate the oral reference dose (μg/kg.d) and 10− 3 represents a unit transfer factor.

The HI is a parameter that provides a comprehensive assessment of the cumulative risk of several heavy metals, taking into account
the combined effects of their risk contribution. A HI value below 1 indicates that there is no non-carcinogenic risk to human health.
However, if the value of HI is equal to or greater than 1, it indicates non-carcinogenic risks, which increase with the value of HI. This
parameter was calculated using Eq. (2) as follows [33]:

HI=
∑n

i=1
HQi (2)

where n and i refer to the number of metal elements and the ith HM, respectively.

2.4.2. Carcinogenic health risk
Excess Lifetime Cancer Risk (ELCR) was calculated by the carcinogenicity slope factor (CSF), through Eq.)3) [34,35].

ELCR=

(
Ci × IRing × EFi × ED

BW× AT
×10− 3

)

× CSFi (3)

According to WHO guidelines, in general, a ELCR less than 10− 6 indicates a negligible carcinogenic risk to human health, a ELCR
between 10− 6 and 10− 4 indicates an acceptable risk, and a ELCR above 10− 4 indicates a high risk to human health [36].

The total carcinogenic risk was calculated using the sum of the carcinogenic risk of all toxic heavy metals using Eq. (4) [37].

TELCR=
∑n

i=1
ELCRi (4)

Parameters and values for each age group are listed in Table 1 to assess human health risk. The values of RfD and CSF of the studied
heavy metals were collected from WHO [38], US EPA [39], the study of Maleki et al. [28] and presented in Table 2.

2.5. Statistical analysis

SPSS version 20 software was used to analyze descriptive statistics including mean and standard deviation. Excel software was used
to measure health risk and prepare health risk forms based on metals and different cities. Kruskal-Wallis and Mann-Whitney tests were
used to analyze the difference in the level of metals in different cities by Graphpad prism version 10 software.

3. Results and discussion

3.1. Concentration of heavy metals in groundwaters

The range of pH measured in the sampling sites was between 6.8 and 8.5 with an average of 7.5, and the amount of chlorine was
between 0 and 2.7 mg/l with an average of 0.3 mg/l, which is in accordance with the national standards of Iran 1053 [40], (WHO)
[38], and USEPA standards [41] (Table 3)., Based on Faraji et al., the pH of groundwater samples was 6.8–8.6 with an average of 7.7

Table 1
Parameters and assumptions of health risk assessment due to groundwater ingestion.

Human health risk assessment parameters Unit Values

Adults Children

Concentration (C) μg/l Measured Measured
Ingestion Rate (IR) ml/day 2000 1000
Exposure Frequency (EF) Days/year 365 365
Exposure Duration (ED) Years 30 6
Average Time (AT) for carcinogens Days 25550 25550
Average Time (AT) for non-carcinogens Days 10950 2160
Average Body Weight (BW) kg 70 15
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[42]. The results of measuring the concentration of heavy metals and physicochemical parameters are shown in Table 4. Comparing
these results with Iran’s 1053 national standards, WHO and EPA showed that only 0.65 % of the samples containing arsenic exceeded
the permissible values of all three standards and the concentration of all other heavy metals was lower than the values of the three
compared standards. The reason for this can be the natural geological structure in the underground aquifers and the calcareous
structure of the soils in the region, agricultural activity and the existence of human activities resulting from the extraction of gold from
the existing gold mine in the region [7,28]. Moreover, the lowest measured concentration in all the studied villages was attributed to
Be, which was below the detection limit (<0.042 μg/l). Whereas, the highest measured concentrations were related to St in Bijar,
Saqqez, Sanandaj, Marivan, Sarvabad, Divandareh, Qorveh, Dehgolan, and Kamiyaran with values of 223.36, 160.13, 159.74, 130.07,
124.36, 119.87, 118.88, 115.73, and 112.8 μg/l, respectively. Zn in Baneh city was 75.23 μg/l. Meanwhile, Fig. 2 compares the mean
concentrations of Zn, V, Sr, Sn, Ni, Mn, Li, Fe, Ba, and Al in drinking water resources of different cities in Kurdistan Province. The lines
above each graph in Fig. 2 show the significancy of HMs level in drinking waters of villages at different cities within the province. For
example, the difference between the Al concentration was significant in water samples of rural areas of Dehgolan and Divandareh (p<

0.005) and Marivan and Qorveh (p < 0.001). Moreover, the difference between the concentration of Sn, Mn, Li, and Fe was not
significant (p > 0.05) within the whole province.

3.2. Health risk assessment

Because only values lower than the standard levels of heavy metals do not indicate a suitable level of health for the consumers of
drinking water containing these substances, the non-carcinogenic and carcinogenic health risks caused by the exposure of different age
groups to heavy metals were evaluated in this study.

3.2.1. Non-carcinogenic risk assessment
According to the non-carcinogenic health risk assessment results presented in Figs. 3 and 4, the lowest share of non-carcinogenic

risk in all 10 cities in both children and adults age groups is related to tin metal, and the highest share of non-carcinogenic risk is also in
two Dehgolan and Qorveh cities are related to arsenic metal. However, it is related to lithiummetal in other cities. Low levels of Li have
beneficial effects on humans. However, its concentration of 15–20 mg/L in blood is toxic to humans and lead to nausea, visual
impairment, and kidney problems, and can even cause medical emergencies such as coma and cardiac arrest. Li salts are naturally
deposited mainly in rocks, minerals, or mines with different concentrations. Nevertheless, sedimentary rocks (mostly clay) contain Li
minerals. It rarely exists in high concentrations in various environments including groundwater. Water sources passing through rocks
rich in Li reserves, especially at lower depths, can have higher Li concentrations than the background levels. This metal is very mobile
and has a great affinity with silicate compounds. Therefore, geological factors and hydrological regimes most likely lead to fluctuations
in Li concentration in groundwaters. Li pollution can be caused by human activities such as exploitation and processing of ore reserves
and smelting and casting, chemical production facilities, infiltration of leachate from landfills into groundwater, leakage from pro-
duction and recycling facilities, and industrial effluents. However, according to the type of radial sampling, the high concentration of
Li in the groundwaters of Kurdistan province is probably due to its location in the Zagros Mountain range having a sedimentary rock
texture, the presence of numerous mineral water springs, and the presence of numerous mineral deposits. As it seems that Li pollution
caused by human activities has mainly played a lesser role in increasing the concentration and health risk caused by this metal, and it

Table 2
Oral reference dose (RfD) and carcinogenic slope factor (CSF) for each
heavy metal (μg/kg/d).

HM Factors

RfD CSF

Al 1000 –
As 0.3 1500
Cd 0.5 610
Co 0.3 –
Cr 0.9 500
Fe 700 –
Hg 0.3 –
Mn 24 –
Pb 3.5 8.5
Zn 300 –
Ba 200 –
Be 2 –
Cu 40 –
Li 2 –
Mo 5 –
Ni 20 1700
Sb 0.4 –
Sn 600 –
Sr 600 –
V 0.7 –
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has caused the aggravation of this effect in susceptible areas(43–46). Among the studied heavymetals, twometals, lithium and arsenic,
had the greatest role in the estimation of the HI in such a way that they accounted for more than 48 % of the hazard index in all 10
cities. Manavi et al., in 2024 assessed the health risk of heavy metals Ag, Mn, Cr, V, Mo and Sr in Qatar and concluded that the average
HQ of all studied metals is lower than the standard value (1) and in the range between 2.49 × 10− 3 to 7.41 × 10− 1 were related to Mn
and V, respectively. It was also found that the HQ of the investigated heavy metals was in the order of V > Sr > Mo > Ag > Cr > Mn,
which accounted for the largest share of risk in the total of V and Sr metals, which was not consistent with the present study [43].
Elumalai et al. found that the abundance of heavy metals in groundwater was in the following order: Si>Mn> Ag> Li> Fe> Pb> Al
> Cu> Ni> B> Zn> Co> Cd> Cr=Th=Zr. They also stated that Li may have been obtained from sources such as mining and related
activities. A health risk assessment of Li showed that this metal has potential risks for children and adults [44]. The results of the
non-carcinogenic health risk assessment presented in Fig. 3 show that the HQ of all heavy metals in the 10 studied cities is less than 1,
therefore, they have no adverse health effects for the adult group. In addition, the (HI for the adult group was higher than 1 (1.23) only
in Qorveh city, which can have adverse effects on the health of people in this group. According to the results of the health risk
assessment of the child group in Fig. 4, only arsenic in Qorveh city had a HQ higher than 1 (1.76). The HI higher than 1 was also
obtained in the cities of Sanandaj, Qorveh, Marivan, Baneh and Bijar with values of 1.67, 1.01, 1.003, 2.86 and 1.28, respectively. In
their study, Vetrimurugan et al. investigated 16 HMs and assessed the health risk caused by them. The order of metals concentration
was Cr < Zn < Cu < Cd < Co < Fe < Al < Ni < Ti < Zr < B < Ag < Mn < Pb < Li < Si. They reported that HI for the two adult and
children groups was 11.9 and 18.3, respectively, which indicates a high non-carcinogenic risk [45]. Chabokdhara et al., in 2017
assessed the health risk of heavy metals Cu, Cr, Pb, Cd, Zn, Mn, Ni in Ghaziabad, India. The results of non-carcinogenic risk assessment
calculations in the present study showed that the HQ parameter in the adult group in both pre-monsoon and post-monsoon periods was
less than 1 and thus does not pose a health risk to the resident population. However, the amount of HQ in the child group in
pre-monsoon for Pb and Cd was 2.4 and 2.2, respectively, and in post-monsoon for Pb, it was 1.23, which was greater than 1, and the
HQ of other heavy metals was less than the dangerous value [46]. In a study conducted on the health risk assessment of Fe, Ni, Cd, and

Table 3
Heavy metals concentration, statistical and physicochemical parameters measured in groundwater resources in the studied areas.

City Descriptive
parameters

pH Cl
(mg/l)

As
(μg/l)

Cd
(μg/l)

Co
(μg/l)

Cr
(μg/l)

Hg
(μg/l)

Pb
(μg/l)

Be
(μg/l)

Cu
(μg/l)

Mo
(μg/l)

Sb
(μg/l)

Sanandaj Max 8.00 1.00 1.00 0.05 0.34 0.46 0.35 2.17 0.04 0.31 1.67 0.46
Min 7.00 0.00 1.00 0.05 0.09 0.46 0.35 2.17 0.04 0.31 1.67 0.46
Mean 7.63 0.19 1.00 0.05 0.22 0.46 0.35 2.17 0.04 0.31 1.67 0.46
S.D 0.27 0.39 0.00 0.00 0.18 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Dehgolan Max 7.80 1.70 1.00 0.05 0.04 0.46 0.35 2.17 0.04 0.31 1.67 0.46
Min 7.20 0.00 1.00 0.05 0.04 0.46 0.35 2.17 0.04 0.31 1.67 0.46
Mean 7.57 0.31 1.00 0.05 0.04 0.46 0.35 2.17 0.04 0.31 1.67 0.46
S.D 0.19 0.57 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Sarvabad Max 8.20 1.20 1.00 0.05 0.04 0.46 0.35 2.17 0.04 0.31 1.67 0.46
Min 7.20 0.00 1.00 0.05 0.04 0.46 0.35 2.17 0.04 0.31 1.67 0.46
Mean 7.69 0.23 1.00 0.05 0.04 0.46 0.35 2.17 0.04 0.31 1.67 0.46
S.D 0.29 0.41 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Kamyaran Max 8.10 0.60 1.00 0.05 0.04 0.46 0.35 2.17 0.04 0.31 1.67 0.46
Min 7.40 0.00 1.00 0.05 0.04 0.46 0.35 2.17 0.04 0.31 1.67 0.46
Mean 7.79 0.05 1.00 0.05 0.04 0.46 0.35 2.17 0.04 0.31 1.67 0.46
S.D 0.19 0.16 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Qorveh Max 8.00 2.70 8.10 0.05 0.04 0.46 0.35 2.17 0.04 0.31 2.03 0.46
Min 6.80 0.00 7.70 0.05 0.04 0.46 0.35 2.17 0.04 0.31 1.32 0.46
Mean 7.72 0.66 7.90 0.05 0.04 0.46 0.35 2.17 0.04 0.31 1.68 0.46
S.D 0.33 0.99 0.28 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.50 0.00

Divandareh Max 7.80 0.50 1.00 0.05 0.04 0.46 0.35 2.17 0.04 0.31 1.67 0.46
Min 6.80 0.00 1.00 0.05 0.04 0.46 0.35 2.17 0.04 0.31 1.67 0.46
Mean 7.19 0.10 1.00 0.05 0.04 0.46 0.35 2.17 0.04 0.31 1.67 0.46
S.D 0.32 0.21 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Saqqez Max 7.80 2.00 1.00 0.05 0.07 0.46 0.35 2.17 0.04 0.31 1.67 0.46
Min 7.20 0.00 1.00 0.05 0.04 0.46 0.35 2.17 0.04 0.31 1.67 0.46
Mean 7.32 0.34 1.00 0.05 0.05 0.46 0.35 2.17 0.04 0.31 1.67 0.46
S.D 0.18 0.58 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Marivan Max 7.80 2.00 1.00 0.05 0.04 0.46 0.35 2.17 0.04 0.31 1.67 0.46
Min 6.80 0.00 1.00 0.05 0.04 0.46 0.35 2.17 0.04 0.31 1.67 0.46
Mean 7.31 0.33 1.00 0.05 0.04 0.46 0.35 2.17 0.04 0.31 1.67 0.46
S.D 0.28 0.56 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Baneh Max 8.50 2.00 1.00 0.05 0.04 0.46 0.35 2.17 0.04 2.77 1.67 0.46
Min 6.80 0.00 1.00 0.05 0.04 0.46 0.35 2.17 0.04 2.19 1.67 0.46
Mean 7.29 0.32 1.00 0.05 0.04 0.46 0.35 2.17 0.04 2.48 1.67 0.46
S.D 0.34 0.47 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.41 0.00 0.00

Bijar Max 8.00 0.00 1.00 0.05 0.04 0.46 0.35 2.17 0.04 0.57 1.67 0.46
Min 7.20 0.00 1.00 0.05 0.04 0.46 0.35 2.17 0.04 0.31 1.67 0.46
Mean 7.65 0.00 1.00 0.05 0.04 0.46 0.35 2.17 0.04 0.44 1.67 0.46
S.D 0.18 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.18 0.00 0.00
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Zn metals in Iraq, Madid and Saleh also found that the HQ caused by the ingestion route in two age groups of children and adults was
less than 1 and therefore a serious health risk was not noticed. It is not exposed people [47]. Comparing the HI in two age groups of
children and adults (Fig. 5) showed that children face more health risks than adults from consuming water containing heavy metals in
all the studied cities. In their study on heavy metals Cd, Cr, Cu, Fe, Mn, Ni, Pb, and Zn in Egypt, Eid et al. found that HQs less than 1
were obtained by Cu, Fe, Mn, Ni, and Zn metals, and three heavy metals Cd, Cr, and Pb, in addition to having HQs greater than 1, also
contribute the most to health risk in both study groups. Moreover, the value of HI in two groups of children and adults was 53.6 and
14.04, respectively, which indicated the greater vulnerability of the child group compared with the adult group [35].

In another study conducted by Malakootian et al. (2020), HMs concentration was determined using ICP-OES and it was found that
the HQ showed rational non-carcinogenic risk for Zn and Ni and unacceptable risk for As and Cd. The As ELCR level was unacceptably
high. They concluded that the groundwater resources of the study area are not recommended for drinking purpose as there are high
risk involved for As and Cd consumption [48].

3.2.2. Carcinogenic risk assessment
According to the availability of five metals lead, arsenic, nickel, cadmium and chromium in CSF, the results of carcinogenic risk

assessment of these metals are presented in Fig. 6. The lowest carcinogenic risk (2.29 × 10− 06) was obtained by cadmium in the 10
studied cities. According to the results obtained, the highest risk of carcinogenesis is lead metal, which has a carcinogenic risk of 7.3×

10− 03 in 10 studied cities, which is more than the guideline value of 10− 04, affecting the population of the entire province. The risk of
carcinogenesis caused by arsenic metal (1.5 × 10− 4) was found to be higher than the guideline value only in Qorveh city, which
exposes the population living in the region to double carcinogenic risks, while it is acceptable in other cities. The risk of carcinogenesis
caused by nickel and chromium is in the acceptable risk range with the values of (2.91 × 10− 05-6.3 × 10− 05) and (2.63 × 10− 05),
respectively. Placing the total carcinogenic risk due to the cumulative effects of five carcinogenic metals in the range (7.4 × 10− 03-7.5
× 10− 03) indicates a high carcinogenic risk in the whole province, which requires preventive measures to eliminate the risk. In the
study that Liu and Ma conducted in China, the carcinogenic and non-carcinogenic risk of three metals Cr, Cd, Ni were investigated in
eight periods and it was found that cadmium in general had HQ less than 1 and its carcinogenic risk was insignificant (<10-6).
Moreover, nickel and chromium generally have HQs greater than 1 and their carcinogenic risk was in the acceptable range (10-4-10− 6)
[49]. The health risk assessment of heavy metals As, Cr, Ni, Pb and Cd, which was carried out by Ravindra and Moore in India, showed
that only cadmium had no carcinogenic effect, and long-term consumption of water containing As, Cr, Ni and Pb could impose
carcinogenic risks on the residents [50].

4. Conclusion

Groundwater in Kurdistan province of Iran is contaminated by heavy metals (HMs), posing health risks due to factors like natural
geological issues and human activities. Sampling showed HMs like arsenic and lithium exceeding standards, with lead posing high
carcinogenic risks. Health risk assessment revealed potential risks to children and adults, emphasizing the need for monitoring and
preventive measures. The study highlights the significance of safeguarding public health and informs policymakers on managing HM
contamination in groundwater. The scarcity of freshwater worldwide makes groundwater vital for various purposes, but pollution from

Table 4
Drinking groundwater standards.

Heavy metals and Physicochemical parameters Unit Risk-based drinking groundwater criteria

ISIRI (Iran) IS:1053 [40] WHO [38] US. EPA [41]

pH – 6.5–9 – 6.5–8.5
Cl mg/l – – –
Al μg/l N ​ 50–200
As μg/l 10 10 10
Cd μg/l 3 3 5
Co μg/l – – –
Cr μg/l 50 50 100
Fe μg/l – – 300
Hg μg/l 6 6 2
Mn μg/l 400 80 50
Pb μg/l 10 10 15
Zn μg/l – – 5000
Ba μg/l 700 1300 2000
Be μg/l – – 4
Cu μg/l 2000 2000 1300
Li μg/l – – –
Mo μg/l 70 – –
Ni μg/l 70 70 –
Sb μg/l 20 20 6
Sn μg/l – – –
Sr μg/l – – –
V μg/l 100 – –
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Fig. 2. Mean Concentration of heavy metals (Zn, V, Sr, Sn, Ni, Mn, Li, Fe, Ba, and Al) in rural water resources of Kurdistan Province: *: p < 0,05, **:
p < 0.005, and ***p < 0.001.
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Fig. 2. (continued).
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Fig. 3. Hazard Quotient of heavy metals in the adult age group in the studied cities.

Fig. 4. Hazard Quotient of heavy metals in the children age group in the studied cities.

Fig. 5. Comparison of hazard index between child and adult age groups.
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HMs threatens human health. Exposure pathways like ingestion, inhalation, and absorption lead to toxicity, affecting biological
functions and posing risks like cancer, cardiovascular diseases, and gastrointestinal disorders. Health risk assessments like hazard
quotient and carcinogenicity slope factor assist in evaluating risks associated with HMs, aiding in public health management and
sustainable development efforts. Overall, understanding the concentration of HMs in groundwater, associated health risks, and
implementing control measures is crucial for maintaining a healthy environment and ensuring the well-being of the population.
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