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Abstract: This study presents a comprehensive chemical analysis of 20 driOking water samples collected from
various localities of Gurugram. The concentrations of key parameters, including heavy metals (Fe, Cu, Mn,
Hg, Cd, Pb, Zn, Cr, Al) and major ions (SO+*, NOs~, F-, CN"), were determined and benchmarked against the
desirable and permissible limits prescribed by the Bureau of Indian Standards (BIS 10500:2012). The results
indicate significant and localized contamination, with critical excrescences of fluoride (F-), nitrate (NOs"),
mercury (Hg), cadmium (Cd), and lead (Pb) beyond permissible levels in specific sectors. Sector 4 and Sector
31 were identified as critical zones requiring immediate intervention. The primary contamination sources are
attributed to geogenic factors, agricultural runoff, industrial discharge, and corroding infrastructure. The
findings underscore the necessity for targeted remediation strategies, including advanced filtration and
infrastructure upgrades, to mitigate public health risks such as fluorosis, methemoglobinemia and heavy metal
toxicity.

Keywords: Water Quality, Heavy Metals, BIS Standards, Health Risk Assessment, Contamination Source,
Fluoride, Nitrate.

1. Introduction

Access to safe and clean drinking water is a fundamental prerequisite for public health and sustainable
development. The deterioration of water quality due to anthropogenic activities and geogenic processes poses
a significant threat to human health globally. Contaminants such as heavy metals and excess ions can lead to
a spectrum of acute and chronic illnesses, including neurological disorders, renal failure, and various forms of
cancer.

This research paper aims to conduct a rigorous evaluation of the chemical quality of water from diverse
sampling points. The objectives are to: (a) quantify the concentrations of critical physicochemical parameters;
(b) compare the results with national (BIS) regulatory standards; (c) identify potential sources of
contamination and their associated health impacts; and (d) provide a health risk assessment and evidence-
based recommendations for mitigation.
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2.1. Study Area and Sampling: A total of 20 water samples were collected from a variety of locations,
including residential sectors (e.g., Sector 4, 15, 31, 37), urban villages (Jharsa, Gari Harsu), and mixed-use
areas (Udyog Vihar, Palam Vihar). Sampling was designed to provide a representative overview of the water
supply in the region.

2.2. Sampling Technique and Analysis: Samples were collected using the grab sampling method in pre-
cleaned, sterilized polyethylene bottles to prevent contamination. Samples were preserved on ice and
transported to an accredited laboratory within 6 hours of collection. Analysis was performed using
standardized methods:

e Heavy Metals (Fe, Cu, Mn, Hg, Cd, Pb, Zn, Cr, Al): Atomic Absorption Spectroscopy (AAS).

e Anions (SO+*, NOs, F-, CN"): lon Chromatography and UV-Visible Spectrophotometry.

2.3. Data Comparison: The analytical results were systematically compared against the Desirable and
Permissible limits as defined by the BIS 10500:2012 guidelines to identify exceedance and assess compliance.

3. Results and Discussion

The analytical findings for all 20 samples were compiled. A comparative analysis against BIS standards
highlights several critical exceedance, their health implications, and likely sources, as summarized in Table 1.

Table 1: Comprehensive Summary of Exceedance, Health Impacts, and Sources
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3.1. Parameter-wise Exceedance and Health Implications:
The data reveals critical exceedance in several sectors. The most severe violations are

for Fluoride and Nitrates in Sector 4, which are far beyond permissible limits and pose an immediate and
severe health risk to residents, including skeletal fluorosis and blue baby syndrome. Sector 31 shows
concerning levels of Cadmium and Copper, linked to industrial waste and corroding pipes, which can cause
renal failure and liver damage over time. The level of Lead in Sector 15, though a slight exceedance, is
particularly alarming due to its potent neurotoxic effects on children's developing brains.

3.2. Potential Sources of Contamination:
Cross-referencing the results with land use suggests key contamination pathways:

e Industrial Discharge: Areas like Udyog Vihar are potential hotspots for metals like Cd, Pb, and Cr
from industrial effluent.

e Agricultural Runoff: Localities like Sector 4 showed elevated levels of Nitrate and Fluoride, linked
to fertilizers and geogenic minerals.
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e Old Corroded Plumbing: The presence of Pb and Cu in residential sectors points to leaching from
aging household plumbing systems.

e Geogenic Sources: The high Fluoride content is likely from natural, fluoride-rich geological
formations.

4. Health Risk Assessment and Recommendations
4.1. Risk Assessment:

Based on the exceedance of non-relaxable parameters (Hg, Cd, Pb, F-, NOs"), Sector 4 and Sector 31 are
classified as "'Critical Zones." Sector 15 is classified as a ""High-Risk Zone™ due to lead exceedance. The
health risks in these areas are severe, especially for vulnerable populations (children, pregnant women, the
elderly).

4.2. Recommendations:
To mitigate the identified risks, a multi-faceted approach is recommended:

Action Purpose

Install RO/Activated Alumina Filters Remove fluoride, lead, cadmium, arsenic in critical zones
Replace corroded pipelines Reduce copper and lead leaching from household plumbing
Public awareness campaigns Promote understanding of nitrate/fluoride sources and risks
Enforce industrial effluent regulation Prevent Cr, Cd, and Hg entry into water systems at the source
Promote safe agricultural practices Limit nitrate runoff from fertilizers

Set up continuous monitoring programs  Focus on Sector 4, 31, and 15 for early detection of contamination

5. Conclusion

This study reveals severe and localized contamination of drinking water sources, with critical exceedances of
fluoride, nitrate, mercury, cadmium, and lead in specific sectors. The identification of Sector 4 and Sector 31
as critical zones underscores the direct threat to public health. The findings necessitate an immediate shift
from generalized water quality management to a targeted, parameter-specific, and location-focused
remediation strategy. The health implications of chronic exposure to these contaminants are too grave to
ignore, requiring urgent action from public health authorities and municipal bodies to ensure safe water for all
residents.
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