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Obijective: Heavy metal compounds in drinking water sources are considered a significant public
health concern due to their high toxicity, bioaccumulation potential, and environmental
persistence. These contaminants can enter groundwater through various human activities such as
industrial operations, agricultural runoff, and improper waste disposal, posing health risks,
especially to vulnerable groups like children. Assessing the health risks of heavy metals in
drinking water is essential for quantifying potential hazards and planning effective mitigation
strategies to protect public health.

Method: This study investigated the carcinogenic and non-carcinogenic health risks posed by
selected heavy metals, including cadmium, chromium, lead, nickel, and zinc, in the groundwater
of Eslamshahr. Concentrations of these metals were measured based on their annual average
values as well as seasonal averages over a one-year period. The health risk assessment considered
two exposure pathways, ingestion and dermal contact, and included two distinct age groups:
children and adults. The aim was to determine the extent of health risks associated with drinking
or skin contact with contaminated water in this region.

Results: The findings revealed that among the analyzed metals, cadmium presented the highest
non-carcinogenic risk for both children and adults, while zinc showed the lowest level of non-
carcinogenic hazard. The hazard index (HI), calculated using the average annual concentrations
of metals, was found to be 0.58 for children and 0.30 for adults, both of which are below the
threshold value of one. These results indicated that no significant non-carcinogenic health risks
were posed to either age group under current exposure conditions. However, the carcinogenic
risk assessment showed more concerning results. The lifetime cancer risks (ELCR total) for
chromium and lead through ingestion and dermal exposure were calculated to be 6.150x10 and
3.131x10*%, respectively. Based on these values, it is estimated that approximately 205
individuals in Eslamshahr could develop cancer annually as a result of exposure to these two
metals.

Conclusions: Although the non-carcinogenic risks for both children and adults were found to be
within safe limits (HI<1), the potential for carcinogenic effects due to chromium and lead
exposure was alarming. These findings highlighted the necessity for implementing advanced
groundwater treatment technologies to reduce the concentrations of heavy metals in water
intended for drinking or other uses. Additionally, preventive measures, including continuous
monitoring of water quality and controlling the entry of pollutants into groundwater, are vital to
safeguard the health of the population, particularly that of children, who are more vulnerable to
the harmful effects of these contaminants.
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Introduction

Groundwater aquifers, as the second richest source of freshwater globally, play a vital role in various aspects
of human life such as economy, industry, food production, and politics. However, the rapid population growth
and the increasing earth's temperature have resulted in water scarcity, posing a significant challenge for both
developing and developed countries. Unfortunately, the quality of underground and surface water resources
has been compromised due to the rapid urban growth, industrial expansion, and inappropriate waste disposal.
In Iran, specifically in Eslamshahr, underground water is extensively used for irrigation, drinking, and
industrial purposes. With the proximity of Eslamshahr to Tehran and the consequent rapid urbanization, the
demand for water has further increased, significantly impacting the quality of underground water due to sewage
infiltration. Given the importance of heavy metals in water sources and their potential health effects on humans,
this study aims to evaluate the concentration of heavy metals, including cadmium, chromium, lead, nickel, and
zinc, in the underground water of Eslamshahr to assess their cancerous and non-cancerous risks.

Method

The methodology for evaluating carcinogenic and non-carcinogenic risks associated with heavy metals in
groundwater involves a systematic approach of sampling, concentration measurement, and risk assessment
based on established health guidelines. Below, key steps are outlined to describe the process in detail:
Sampling and Measurement of Metal Concentrations

The study begins with the collection of groundwater samples from multiple wells across the study area. In this
case, groundwater samples were collected 23 times in each season over a year, amounting to a total of 92
samples. The locations of the wells were selected to represent the diversity of water sources in the region. Each
sample was analyzed for heavy metal concentrations, including cadmium (Cd), chromium (Cr), lead (Pb),
nickel (Ni), and zinc (Zn). Advanced analytical instruments, such as inductively coupled plasma mass
spectrometry (ICP-MS), were used to measure metal concentrations with high precision.

Seasonal and annual averages of the concentrations were then calculated to identify patterns of variability over
time. Seasonal averages help reveal how environmental factors, such as temperature and precipitation,
influence the distribution of metals in groundwater.

Non-Carcinogenic Risk Assessment

To evaluate the non-carcinogenic risks, the hazard quotient (HQ) and hazard index (HI) were calculated for
both ingestion and dermal exposure pathways. These indices compare the estimated daily intake of a
contaminant to its reference dose (RfD), which is defined as the maximum acceptable daily intake without
significant health risks.

o HQ is calculated separately for ingestion and dermal exposure for each metal.

e HI represents the cumulative non-carcinogenic risk from all metals by summing their respective HQ values.
The calculations were performed for two age groups: children and adults, as their exposure and susceptibility
to contaminants differ significantly. The results were compared against the threshold value of 1, with an HI
below 1 indicating no significant non-carcinogenic risk.

Carcinogenic Risk Assessment

The carcinogenic risk assessment involves calculating the excess lifetime cancer risk (ELCR) for metals
classified as carcinogens, such as chromium (Cr) and lead (Pb). ELCR estimates the probability of an
individual developing cancer over a lifetime due to exposure to a contaminant.

The ELCR for ingestion and dermal contact was calculated using the following formula:
ELCR=CxIRXEFXEDxSF+(BWxAT)

where C represents the concentration of the metal in water; IR stands for ingestion rate or dermal absorption
rate; EF is the exposure frequency; ED represents the exposure duration; SF is the slope factor (cancer potency
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factor for the metal); BW is the body weight; and AT represents the averaging time for carcinogenic effects
(lifetime exposure, usually 70 years).

The calculated ELCR values were compared with the thresholds set by the U.S. Environmental Protection
Agency (EPA):

10 to 10°%: acceptable risk; below 107¢: negligible risk; above 10~*: unacceptable risk.

Risk Comparisons and Interpretation

After calculating the risk indices, the results were analyzed to identify the metals contributing the most to the
overall risks and to understand how risks varied between seasons and exposure pathways. Children were found
to be more vulnerable than adults, and ingestion was identified as the primary exposure pathway for both non-
carcinogenic and carcinogenic risks.

Results

In the study area, zinc (Zn) exhibited the highest annual average concentration in groundwater (0.037 mg/L),
consistently surpassing other metals across all seasons with minor variation. Cadmium (Cd) showed the lowest
concentrations, averaging 0.0024 mg/L annually.

Non-carcinogenic risk assessment revealed that ingestion posed a significantly higher hazard than dermal
exposure for both children and adults. The highest hazard quotient (HQ) occurred in winter (children's
ingestion HQ = 0.72), correlating with elevated metal levels. Cadmium presented the greatest non-carcinogenic
risk in most seasons, except summer, when chromium (Cr) was dominant. Overall, ingestion accounted for
over 80% of the total non-carcinogenic risk.

Carcinogenic risk evaluation focused on hexavalent chromium (Cr6+) and lead (Pb). The combined lifetime
cancer risk from Cré* was 6.15x107°, estimating approximately 34 annual cancer cases in the local population.
Lead’s risk was higher at 3.13x10, corresponding to around 172 cancer cases per year. Seasonal variations
showed the highest cancer risk in summer and the lowest in autumn.

This study provides a comprehensive risk assessment of five heavy metals in groundwater, integrating both
carcinogenic and non-carcinogenic risks with seasonal and demographic considerations. These findings fill a
critical knowledge gap in groundwater contamination risks in Eslamshahr and support informed public health
and environmental management strategies.

Conclusions

This study evaluated the potential health risks associated with exposure to cadmium (Cd), chromium (Cr), lead
(Pb), nickel (Ni), and zinc (Zn) in the groundwater of Eslamshahr. A total of 92 water samples were collected
from local wells over four consecutive seasons, and seasonal and annual average concentrations of the selected
metals were used for risk assessment. The non-carcinogenic risk, represented by the hazard index (HI),
remained below the critical threshold of 1 for both children (HI = 0.58) and adults (HI = 0.30), indicating no
significant non-carcinogenic health threat. However, the estimated excess lifetime cancer risks (ELCR) for
chromium (6.15 x 10 ) and lead (3.13 x 10~ * ) fell within the U.S. EPA’s acceptable risk range (10 to 10
6), yet may correspond to approximately 205 potential cancer cases annually when projected to the local
population. These findings emphasize the necessity of implementing advanced groundwater treatment
technologies, particularly for lead, to mitigate long-term health risks associated with contaminated water
sources.
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