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Abstract:

Groundwater is the primary source of drinking water in many semi-arid regions of
India, including Jalna city in Maharashtra. Fluoride is a naturally occurring constituent of
groundwater and its concentration is largely controlled by geological formations and seasonal
hydrogeochemical processes. The present study aims to assess fluoride concentration in
groundwater of the Jalna Municipal area and to evaluate its seasonal variation during pre-
monsoon and post-monsoon periods. Five representative groundwater sampling locations were
selected from different parts of the city, and samples were analyzed using standard ion-selective
electrode methods. The results indicate that fluoride concentration varies seasonally, with
comparatively higher values observed during the pre-monsoon season and lower
concentrations during the post-monsoon period due to dilution effects of rainfall recharge. All
measured fluoride values were found to be well within the permissible limits prescribed by the
World Health Organization (WHO) and Bureau of Indian Standards (BIS). The study concludes
that groundwater in Jalna city is presently safe for drinking with respect to fluoride content;
however, continuous monitoring is recommended to ensure long-term water quality and public
health protection.
Keywords: Groundwater, Fluoride, Seasonal Variation, Jalna, Drinking Water Quality, Semi-Arid

Region, BIS Standards, WHO Guidelines

Introduction

Water makes up 71% of the Earth's surface, predominantly in the form of seas and
oceans. Approximately 3.4 million individuals (primarily children) perish annually due to
diseases linked to water. On our planet, 97.2% of water is saline, while only 2.8% is freshwater,
with 20% of that being groundwater. Once groundwater becomes polluted, it cannot be purified
by merely halting the source of contamination. The World Health Organization states that

roughly 80% of diseases in humans result from contaminated water. [11,12]
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Groundwater quality is a key determinant of the suitability of water for drinking and
domestic use, particularly in semi-arid regions of India where groundwater serves as the
principal source of potable water. Fluoride is a naturally occurring ion in groundwater, released
primarily through water—rock interaction involving fluoride-bearing minerals. At low
concentrations, fluoride is beneficial in preventing dental caries by strengthening tooth enamel;
however, long-term consumption of water containing elevated fluoride levels can lead to dental
and skeletal fluorosis, posing significant public health concerns. Several regions of
Maharashtra have reported fluoride-related groundwater problems, emphasizing the need for
localized assessments. Seasonal variations, especially monsoon rainfall, play a crucial role in
modifying groundwater chemistry by influencing recharge, dilution, and mineral dissolution
processes, thereby affecting fluoride concentrations. Therefore, evaluating seasonal variations
of fluoride in groundwater is essential to understand its spatial and temporal distribution and
to ensure the availability of safe drinking water[4,9].

Study Area:

Jalna city is located in the Marathwada region of Maharashtra and experiences semi-
arid climatic conditions. The area is characterized by hot summers and moderate rainfall
concentrated during the southwest monsoon. Due to limited surface water availability, the
population of Jalna depends largely on groundwater sources such as bore wells and dug wells
for drinking and domestic purposes. The geological formation of the region mainly consists of
Deccan Trap basalt, which plays a crucial role in controlling groundwater quality. Rapid
urbanization and increasing water demand have intensified the reliance on groundwater
resources. Understanding the groundwater quality of Jalna city is therefore essential for
sustainable water management and public health protection.

Objectives:

To determine fluoride concentrations in groundwater samples of the Jalna Municipal
area during pre- and post-monsoon seasons and to evaluate seasonal variations in fluoride
levels in relation to their suitability for drinking water purposes.

Methodology:

Five groundwater sampling locations were selected within the Jalna Municipal area to

represent different land-use patterns and groundwater utilization zones. The selected sites

include Old Jalna area (S1), Bus Stand area (S2), Deulgaon Raja Road area (S3), Krishna Nagar
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area (S4), and Shivnagar area (S5). These locations were chosen to ensure spatial coverage
across the city and to assess variations in fluoride concentration in groundwater used for
drinking purposes. Groundwater samples were collected in clean, fluoride-free polyethylene
bottles during the pre-monsoon and post-monsoon seasons. The collected samples were
analyzed for fluoride concentration using standard laboratory techniques such as the ion-
selective electrode method, following prescribed water quality analysis procedures. The
analytical results were compared with drinking water standards. According to the World Health
Organization (WHO), the guideline value for fluoride in drinking water is 1.5 mg/L. The
Bureau of Indian Standards (BIS: IS 10500-2012) prescribes an acceptable limit of 1.0 mg/L
and a maximum permissible limit of 1.5 mg/L in the absence of an alternative water source.
Fluoride concentration beyond these limits may lead to dental and skeletal fluorosis[1,2,10].
Results and Discussion:
Fluoride Concentration in Groundwater:

The fluoride concentration measured in groundwater samples is presented in Table 1.

Table 1: Fluoride concentration in groundwater samples

Sr. No | Sample ID | Fluoride (mg/L) - | Fluoride (mg/L) -
Pre-Monsoon Post-Monsoon
1 S1 0.13 0.03
2 S2 0.18 0.07
3 S3 0.31 0.12
4 S4 0.16 0.11
5 S5 0.21 0.16

Seasonal Variation

The fluoride concentration in all samples was observed to be higher during the pre-
monsoon season. This increase may be attributed to reduced groundwater levels and enhanced
rock—water interaction during dry periods. Post-monsoon samples showed lower fluoride
concentration, likely due to dilution caused by rainfall recharge. Similar seasonal trends have
been reported in fluoride studies conducted in various parts of Maharashtra.
Drinking Water Suitability: All recorded fluoride concentrations were significantly below
the permissible limit of 1.0-1.5 mg/L for drinking water. This indicates that the groundwater

of Jalna city is presently safe with respect to fluoride concentration. However, continuous

VOLUME-03 ISSUE-2 (SPECIAL ISSUE) JANUARY-2026




73 KNOWLEDGE ELAME
@ |

E-ISSN: 3049-1541

International Multidisciplinary Research Journal (

HMUL/2024/89852

monitoring is recommended to detect any future changes influenced by climatic and

anthropogenic factors.

Conclusion:

The study reveals that fluoride concentration in groundwater of Jalna Municipal area

shows clear seasonal variation, with higher values during pre-monsoon and lower values during
post-monsoon. All analyzed samples contain fluoride within acceptable drinking water limits,
indicating no immediate fluoride-related health risk. Regular groundwater quality monitoring
IS suggested to ensure long-term safety and sustainable utilization of groundwater resources in
the region.
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