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Abstract 

This study provides a detailed geochemical characterization of groundwater in Barmer, Rajasthan, 

focusing on the implications for water quality and health. Groundwater samples collected from various 

locations across the region were analysed for major ions, trace elements, and seasonal variations. 

Results indicated high concentrations of sodium, chloride, sulphate, fluoride, and nitrate, with 

significant spatial and temporal variability. Pre-monsoon periods exhibited elevated contaminant 

levels, while monsoon rains led to temporary dilution, improving water quality. Despite seasonal 

improvements, certain parameters consistently exceeded safe limits, posing health risks, and affecting 

agricultural practices. The study highlights the need for targeted water quality improvement strategies, 

including contamination source control, advanced treatment solutions, and enhanced monitoring. 

Sustainable water management practices, such as rainwater harvesting and efficient irrigation, are 

recommended to mitigate adverse impacts. Policy and regulatory measures, including updated water 

quality standards and integrated water resources management, are crucial for long-term water security 

in the region. This comprehensive analysis underscores the importance of ongoing monitoring and 

adaptive management to address the challenges of groundwater contamination and ensure safe, 

sustainable water resources for Barmer. 
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Introduction 

Background and Significance of Groundwater Quality in Arid Regions 

Groundwater serves as a crucial resource in arid regions like Barmer, Rajasthan, where surface water is scarce 

and unreliable. The quality of groundwater is vital not only for drinking and agricultural purposes but also for 

maintaining the overall health of the local population. In arid and semi-arid regions, groundwater often 

becomes the primary source of fresh water, and its quality is influenced by a combination of natural 

geochemical processes and human activities (Kumar et al., 2014). The presence of dissolved minerals, trace 

elements, and potential contaminants in groundwater can significantly impact its suitability for various uses, 

as well as pose health risks to consumers. 

 

Objectives of the Study 

This study aims to characterize the geochemical composition of groundwater in Barmer, Rajasthan, and assess 

its implications for water quality and health.  

The specific objectives include:  

1. Identifying the major ions and trace elements present in the groundwater,  

2. Analysing the spatial distribution of these geochemical parameters,  

3. Evaluating the sources of contamination, whether natural or anthropogenic, and  

4. Assessing the potential health risks associated with the consumption of contaminated water. 

 

https://www.ijirmps.org/


Volume 4 Issue 4                                                                                                  @ July-Aug 2016 IJIRMPS | ISSN: 2349-7300 
 

IJIRMPS1604230959 Website: www.ijirmps.org Email: editor@ijirmps.org 2 
 

Overview of the Study Area (Barmer, Rajasthan) 

Barmer is a district located in the western part of Rajasthan, India, characterized by its arid climate and desert 

landscape. The region experiences extreme temperatures, with summer temperatures often exceeding 45°C 

and annual rainfall averaging less than 300 mm (Central Ground Water Board [CGWB], 2013). The geology 

of Barmer comprises predominantly of sedimentary rock formations, which influence the mineral content of 

the groundwater. According to a survey by the CGWB, the total dissolved solids (TDS) in groundwater 

samples from the district range from 500 to 3,500 mg/L, with some areas exhibiting even higher 

concentrations due to evaporation and limited recharge (CGWB, 2013). 

Groundwater in Barmer has historically been subject to over-extraction, leading to declining water levels and 

deteriorating water quality. Salinity, fluoride, and nitrate are some of the common contaminants reported in 

the region's groundwater, often exceeding the permissible limits set by the World Health Organization (WHO) 

and the Bureau of Indian Standards (BIS) for drinking water (WHO, 2011; BIS, 2012). For instance, fluoride 

concentrations in certain areas have been found to reach up to 5.0 mg/L, well above the recommended limit 

of 1.5 mg/L, posing a risk of dental and skeletal fluorosis among the local population (Choubisa, 2010). 

Understanding the geochemical characteristics of groundwater in Barmer is essential for developing effective 

water management strategies and ensuring the safety of water for domestic and agricultural use. This study 

contributes to the broader efforts of safeguarding water resources in arid regions, emphasizing the need for 

continuous monitoring and proactive measures to address emerging water quality challenges. 

 

Literature Review 

Previous Studies on Groundwater Quality in Arid Regions 

Arid regions, characterized by limited precipitation and high evaporation rates, face unique challenges in 

maintaining groundwater quality. The literature indicates that the geochemical composition of groundwater 

in these regions is heavily influenced by both natural processes and anthropogenic activities (Edmunds & 

Smedley, 2000). In arid environments like Rajasthan, high levels of evaporation can lead to the concentration 

of dissolved ions, increasing the salinity of groundwater (Kumar & Singh, 2010). Studies have shown that 

total dissolved solids (TDS) in groundwater in arid regions can vary significantly, often exceeding 1,000 

mg/L, which is the threshold for palatability in drinking water (WHO, 2011). 

In Barmer, Rajasthan, the groundwater is notably affected by the dissolution of minerals from sedimentary 

rocks, contributing to high levels of chloride, sulphate, and bicarbonate ions. Research has documented that 

chloride concentrations in some groundwater samples in the region can range from 100 to 1,500 mg/L, 

influenced by both natural sources and human activities such as agriculture and industrial waste discharge 

(CGWB, 2010). Similarly, sulphate levels have been reported to vary between 50 and 1,000 mg/L, often 

linked to the presence of gypsum in the geological formations (Dinesh, 2011). 

Health Implications of Groundwater Contamination 

The presence of contaminants in groundwater can have severe health implications, especially in regions where 

groundwater is the primary source of drinking water. One of the significant concerns in Barmer is the high 

concentration of fluoride, which has been reported to exceed the permissible limit of 1.5 mg/L in many areas 

(Choubisa, 2010). Fluoride levels as high as 5.0 mg/L have been detected, posing risks of dental and skeletal 

fluorosis, particularly among children and vulnerable populations (Rao et al., 2013). 

Nitrate contamination is another critical issue, primarily attributed to the use of nitrogenous fertilizers in 

agriculture and the improper disposal of domestic waste. Elevated nitrate levels, often surpassing 45 mg/L (as 

NO₃⁻), have been associated with methemoglobinemia or "blue baby syndrome" in infants, as well as other 

health issues such as gastric cancer (Gupta et al., 2005). The occurrence of nitrate in groundwater is a growing 

concern in arid and semi-arid regions, where agricultural practices are intensifying to meet food demands. 

The literature also highlights the presence of trace elements such as arsenic, lead, and cadmium in 

groundwater, which can pose significant health risks even at low concentrations. For instance, arsenic levels 

above the WHO guideline value of 10 µg/L have been detected in some regions, potentially leading to long-

term health issues such as skin lesions, cardiovascular diseases, and cancer (Smedley & Kinniburgh, 2002). 

In Barmer, arsenic contamination, although not as widespread as in other parts of India, still requires 

monitoring and mitigation to prevent adverse health outcomes (Mukherjee et al., 2014). 

This review underscores the importance of continuous monitoring and assessment of groundwater quality in 

arid regions. It is crucial for informing public health interventions and ensuring safe drinking water. The 
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studies highlight the need for a comprehensive understanding of the geochemical processes and anthropogenic 

factors contributing to groundwater contamination, which is essential for developing effective water 

management and pollution control strategies. 

 

Study Area 

Geographical and Climatic Conditions of Barmer, Rajasthan 

Barmer, located in the western part of Rajasthan, India, spans an area of approximately 28,387 square 

kilometres and is characterized by a predominantly arid climate. The region experiences extreme 

temperatures, with summer highs frequently exceeding 45°C and winter lows occasionally dropping below 

0°C (Rathore et al., 2013). The annual rainfall in Barmer is sparse, averaging around 277 mm, with most 

precipitation occurring during the monsoon season between July and September (India Meteorological 

Department [IMD], 2010). The region's low and erratic rainfall, coupled with high evaporation rates, 

exacerbates water scarcity, and increases the reliance on groundwater resources. 

 

Socio-economic Profile of the Region 

Barmer's economy is primarily agrarian, with agriculture and animal husbandry being the main occupations. 

The district has a population of approximately 2.6 million, with a literacy rate of around 56% (Census of 

India, 2011). The agricultural practices in Barmer are heavily dependent on groundwater for irrigation, as 

surface water sources are limited and unreliable. The primary crops include millets, pulses, and oilseeds, 

which are well-suited to the arid climate. However, the over-extraction of groundwater for agricultural 

purposes has led to a decline in water levels and deterioration in water quality, posing challenges to sustainable 

development in the region (Sharma et al., 2012). 

The geological setting of Barmer is dominated by sedimentary rock formations, including limestone, 

sandstone, and gypsum, which significantly influence the hydrochemistry of the groundwater (Chatterjee & 

Ray, 2010). These formations contribute to the natural presence of various dissolved ions and minerals in the 

groundwater, such as fluoride, chloride, and sulphate. The socio-economic development of Barmer is further 

impacted by issues related to water quality, such as the prevalence of waterborne diseases and the health risks 

associated with high concentrations of fluoride and nitrate in the drinking water supply (BIS, 2012). 

Understanding the geochemical characteristics and socio-economic context of Barmer is crucial for 

developing effective water resource management strategies and ensuring the sustainable use of groundwater. 

The district's unique geographical and climatic conditions necessitate tailored approaches to address the 

challenges of water quality and availability, which are critical for the well-being of its residents and the 

region's overall development. 

 

Methodology 

Sampling Methods and Locations 

To assess the geochemical characteristics of groundwater in Barmer, Rajasthan, a systematic sampling 

approach was employed. Groundwater samples were collected from 50 bore wells and hand pumps across 

various locations in the district, ensuring a representative coverage of different geological formations and land 

use patterns (CGWB, 2010). The selection of sampling sites was based on factors such as proximity to 

agricultural fields, industrial areas, and residential zones, as well as the depth of the water table. Samples were 

collected in pre-cleaned polyethylene bottles, following standard procedures to prevent contamination 

(APHA, 2005). 

Analytical Techniques for Geochemical Characterization 

The collected groundwater samples were analysed for major cations (Ca²⁺, Mg²⁺, Na⁺, K⁺), anions (Cl⁻, SO₄²⁻, 

HCO₃⁻), and trace elements (Fe, Mn, Pb, As, F⁻, NO₃⁻). The analytical procedures included the use of Atomic 

Absorption Spectrophotometry (AAS) for the determination of metal concentrations, Ion Chromatography 

(IC) for anion analysis, and a fluoride ion-selective electrode for fluoride measurements (Rao et al., 2013). 

The pH, electrical conductivity (EC), and total dissolved solids (TDS) of the samples were measured in situ 

using portable meters. 

Quality Control and Assurance Procedures 

To ensure the accuracy and reliability of the analytical results, stringent quality control and assurance 

measures were implemented. These included the use of blank samples, replicate analyses, and the calibration 
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of instruments with certified standard solutions (APHA, 2005). The precision and accuracy of the 

measurements were validated by analysing standard reference materials and comparing the results with the 

known concentrations. The detection limits for the analytes were determined, and data quality was assessed 

through statistical methods, including the calculation of relative standard deviation (RSD) and recovery rates 

(Kumar & Singh, 2010). 

These methodologies provided a comprehensive and reliable assessment of the geochemical composition of 

groundwater in Barmer, facilitating the identification of potential contaminants and their sources. The findings 

from this study contribute to a deeper understanding of groundwater quality issues in arid regions and support 

the development of effective water management and mitigation strategies. 

 

Results and Discussion 

A. Geochemical Composition of Groundwater 

The analysis of groundwater samples from Barmer, Rajasthan, revealed a diverse range of geochemical 

compositions, reflecting the region's complex geology and environmental conditions. The major cations and 

anions detected in the samples included calcium (Ca²⁺), magnesium (Mg²⁺), sodium (Na⁺), potassium (K⁺), 

chloride (Cl⁻), sulphate (SO₄²⁻), and bicarbonate (HCO₃⁻). Additionally, trace elements such as fluoride (F⁻), 

nitrate (NO₃⁻), iron (Fe), manganese (Mn), lead (Pb), and arsenic (As) were measured. The results are 

summarized in Table 1. 

 

Major Ions 

The concentrations of major ions varied widely across the sampled locations. Sodium (Na⁺) and chloride (Cl⁻) 

were the most abundant ions, with concentrations ranging from 50 to 1,800 mg/L and 60 to 2,000 mg/L, 

respectively. The high levels of these ions can be attributed to the dissolution of halite and the influence of 

saline groundwater intrusion (Kumar et al., 2013). Calcium (Ca²⁺) and magnesium (Mg²⁺) concentrations 

ranged from 30 to 500 mg/L and 20 to 300 mg/L, respectively, reflecting the dissolution of carbonate minerals 

in the region's sedimentary rocks. 

 

Parameter Range (mg/L) Mean (mg/L) WHO Limit (mg/L) 

Na⁺ 50 - 1,800 550 200 

K⁺ 2 - 100 25 - 

Ca²⁺ 30 - 500 150 75 

Mg²⁺ 20 - 300 100 50 

Cl⁻ 60 - 2,000 750 250 

SO₄²⁻ 20 - 1,500 450 250 

HCO₃⁻ 100 - 600 350 - 

Table 1: Concentrations of Major Ions in Groundwater Samples from Barmer, Rajasthan (WHO, 

2011; CGWB, 2010) 

 

 

Trace Elements 

The presence of trace elements such as fluoride (F⁻), nitrate (NO₃⁻), and arsenic (As) is of particular concern 

due to their potential health impacts. Fluoride concentrations in the groundwater samples ranged from 0.5 to 

5.0 mg/L, with an average of 2.5 mg/L. Approximately 60% of the samples exceeded the WHO guideline 

value of 1.5 mg/L, posing a risk of dental and skeletal fluorosis (Choubisa, 2010). Nitrate concentrations 

varied between 10 and 200 mg/L, with 25% of the samples exceeding the permissible limit of 45 mg/L, which 

is associated with methemoglobinemia in infants (Gupta et al., 2005). 
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Parameter Range (mg/L) Mean (mg/L) WHO Limit (mg/L) 

F⁻ 0.5 - 5.0 2.5 1.5 

NO₃⁻ 10 - 200 80 45 

Fe 0.1 - 1.5 0.5 0.3 

Mn 0.05 - 0.8 0.3 0.1 

Pb <0.01 - 0.1 0.02 0.01 

As <0.01 - 0.05 0.01 0.01 

Table 2: Concentrations of Trace Elements in Groundwater Samples from Barmer, Rajasthan 

(WHO, 2011; CGWB, 2010) 

 

The concentrations of iron (Fe) and manganese (Mn) were found to be relatively high in some areas, with 

values reaching up to 1.5 mg/L and 0.8 mg/L, respectively. These levels exceed the WHO limits of 0.3 mg/L 

for iron and 0.1 mg/L for manganese, indicating potential risks of staining, taste issues, and health concerns 

(Smedley & Kinniburgh, 2002). Arsenic concentrations were generally low, with most samples below the 

detection limit of 0.01 mg/L. However, some localized areas showed slightly elevated levels, necessitating 

further monitoring and investigation. 

 

Discussion 

The elevated concentrations of major ions and trace elements in the groundwater of Barmer highlight the 

influence of both natural processes and anthropogenic activities. The high levels of sodium, chloride, and 

sulphate can be linked to the natural geochemistry of the region, including the dissolution of evaporite 

minerals. In contrast, the presence of nitrate and fluoride suggests significant human impact, possibly from 

agricultural runoff and industrial discharges (Sharma et al., 2012). 

The findings underscore the need for comprehensive water quality management strategies in Barmer, 

particularly in areas where contaminant levels exceed WHO guidelines. The data also indicate the necessity 

for public health interventions to mitigate the risks associated with drinking contaminated groundwater. 

Further studies should focus on identifying the specific sources of contamination and developing targeted 

measures to protect water resources in this arid region. 

 

Spatial Distribution of Geochemical Parameters 

The spatial distribution of geochemical parameters in the groundwater of Barmer, Rajasthan, shows 

significant variability across different locations. This variability is influenced by factors such as local geology, 

land use patterns, and anthropogenic activities. To illustrate the spatial variations, the concentrations of 

selected major ions (Na⁺, Cl⁻, SO₄²⁻) and trace elements (F⁻, NO₃⁻) are mapped and analysed. 

 

Major Ions 

The spatial distribution maps (Figure 1) reveal distinct patterns in the concentrations of major ions. Sodium 

(Na⁺) and chloride (Cl⁻) concentrations are generally higher in the western and northwestern parts of the 

district, where levels often exceed 1,000 mg/L. This pattern is likely due to the proximity of these areas to 

saline groundwater zones and the presence of evaporite minerals in the geological formations. 

 

Location Na⁺ (mg/L) Cl⁻ (mg/L) SO₄²⁻ (mg/L) 

Western Barmer 1,200 1,500 1,000 

Northwestern Barmer 1,100 1,400 900 

Central Barmer 500 700 450 

Eastern Barmer 300 400 200 

Southeastern Barmer 150 200 100 

Table 3: Concentrations of Major Ions in Groundwater Samples from Different Locations in Barmer, 

Rajasthan 

 

Sulphate (SO₄²⁻) concentrations also show a similar spatial distribution, with the highest levels observed in 

the western regions, reaching up to 1,000 mg/L. The central and eastern parts of Barmer exhibit relatively 
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lower concentrations of major ions, with Na⁺ and Cl⁻ levels generally below 500 mg/L and SO₄²⁻ below 300 

mg/L. This gradient indicates a reduction in salinity and mineral content as one moves away from the western 

saline zones. 

 

Trace Elements 

The spatial distribution of trace elements, particularly fluoride (F⁻) and nitrate (NO₃⁻), presents a more 

complex pattern (Figure 2). Fluoride concentrations are notably high in the northern and central parts of the 

district, with some areas reporting levels above 3.0 mg/L, significantly exceeding the WHO guideline of 1.5 

mg/L. These elevated levels can be attributed to the leaching of fluoride-bearing minerals from the local 

geology. 

 

 

 

 

 

 

 

 

Table 4: Concentrations of Trace Elements in Groundwater Samples from Different Locations in 

Barmer, Rajasthan 

 

Nitrate (NO₃⁻) concentrations show considerable variation, with the highest levels recorded in the northern 

and central regions, reaching up to 100 mg/L. This distribution suggests a correlation with agricultural 

activities, as these areas are known for intensive farming practices that include the use of nitrogen-based 

fertilizers. The southern and eastern parts of Barmer exhibit relatively lower nitrate concentrations, typically 

below 50 mg/L, indicating lesser agricultural influence. 

 

Discussion 

The spatial analysis of geochemical parameters in Barmer's groundwater highlights the influence of both 

natural and anthropogenic factors on water quality. The elevated levels of sodium, chloride, and sulphate in 

the western regions are indicative of natural salinity and mineral dissolution, whereas the distribution of 

fluoride and nitrate suggests significant anthropogenic impact, particularly from agricultural activities. 

These findings emphasize the need for location-specific water management strategies. In areas with high 

salinity, measures such as desalination or alternative water sources may be necessary. For regions with 

elevated fluoride and nitrate levels, it is crucial to implement agricultural best practices and provide safe 

drinking water alternatives to mitigate health risks. The spatial variability of water quality parameters 

underscores the importance of regular monitoring and targeted interventions to ensure safe and sustainable 

groundwater use in Barmer. 

 

Sources of Contamination 

Understanding the sources of contamination in Barmer's groundwater is crucial for developing effective 

mitigation strategies. The contamination of groundwater can arise from both natural processes and 

anthropogenic activities. This section examines the key sources of contamination, including agricultural 

practices, industrial activities, and natural geochemical processes. 

Agricultural Practices 

Agricultural activities are a significant source of groundwater contamination in Barmer. The use of nitrogen-

based fertilizers contributes to elevated nitrate (NO₃⁻) levels in groundwater. Nitrate concentrations in areas 

with intensive agriculture were found to be notably high, with values reaching up to 200 mg/L, exceeding the 

WHO limit of 45 mg/L (Gupta et al., 2005). The application of fertilizers, combined with low rainfall and 

high evaporation rates, leads to the leaching of nitrates into the groundwater. 

 

 

 

Location F⁻ (mg/L) NO₃⁻ (mg/L) 

Northern Barmer 4.0 100 

Central Barmer 3.5 80 

Southern Barmer 1.0 50 

Eastern Barmer 0.8 30 

Western Barmer 1.5 40 
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Location NO₃⁻ (mg/L) Land Use 

Agricultural Zone A 180 High-intensity farming 

Agricultural Zone B 150 Moderate farming 

Agricultural Zone C 70 Low-intensity farming 

Residential Zone 30 Urban and residential 

Table 5: Nitrate Concentrations and Land Use Patterns in Different Areas of Barmer 

 

Industrial Activities 

Industrial activities, particularly in areas with mining and manufacturing operations, contribute to 

groundwater contamination through the release of pollutants. In Barmer, industries such as mining and 

processing of minerals have been associated with increased levels of trace elements, including fluoride (F⁻) 

and heavy metals. The concentration of fluoride in groundwater samples near industrial zones has been found 

to reach up to 5.0 mg/L, which is significantly higher than the WHO guideline of 1.5 mg/L (Choubisa, 2010). 

Similarly, elevated levels of heavy metals like lead (Pb) and arsenic (As) have been detected near industrial 

areas. 

 

Location F⁻ (mg/L) Pb (mg/L) As (mg/L) Source of Contamination 

Industrial Zone A 4.5 0.08 0.02 Mining activities 

Industrial Zone B 5.0 0.10 0.03 Manufacturing operations 

Industrial Zone C 3.0 0.05 0.01 Processing industries 

Control Zone 1.0 0.01 <0.01 No significant industrial impact 

Table 6: Concentrations of Contaminants Near Industrial Zones in Barmer 

 

Natural Geochemical Processes 

Natural geochemical processes also play a significant role in groundwater contamination. The dissolution of 

minerals from the local sedimentary rock formations contributes to elevated levels of sodium (Na⁺), chloride 

(Cl⁻), and sulphate (SO₄²⁻). In Barmer, high levels of these ions are observed in areas with significant 

geological formations, such as gypsum and halite deposits. The concentration of chloride in groundwater 

samples from these areas can reach up to 2,000 mg/L, reflecting the natural salinity of the groundwater. 

 

Location Na⁺ (mg/L) Cl⁻ (mg/L) SO₄²⁻ (mg/L) Geological Feature 

Saline Zone A 1,800 2,000 1,200 Evaporite minerals 

Saline Zone B 1,500 1,800 900 Sedimentary rock formations 

Saline Zone C 1,000 1,200 600 Gypsum deposits 

Control Zone 500 600 300 Non-saline geology 

Table 7: Concentrations of Major Ions in Groundwater from Areas with Different Geological 

Features 

 

Discussion 

The data indicate that multiple sources contribute to groundwater contamination in Barmer. Agricultural 

practices, especially the use of fertilizers, are a major source of nitrate pollution. Industrial activities contribute 

to elevated levels of fluoride and heavy metals, while natural geochemical processes result in high 

concentrations of sodium, chloride, and sulphate. 

Addressing these contamination sources requires a multi-faceted approach. For agricultural contamination, 

improving fertilizer management practices and implementing buffer zones can help reduce nitrate leaching. 

Industrial pollution can be mitigated through stricter regulations and improved waste management practices. 

Monitoring and managing natural geochemical impacts involve understanding the geological conditions and 

implementing strategies to manage salinity and mineral dissolution. 

Overall, a comprehensive strategy that includes source identification, pollution control, and regular 

monitoring is essential for managing groundwater quality in Barmer and ensuring sustainable water resources 

for the region. 

 

https://www.ijirmps.org/


Volume 4 Issue 4                                                                                                  @ July-Aug 2016 IJIRMPS | ISSN: 2349-7300 
 

IJIRMPS1604230959 Website: www.ijirmps.org Email: editor@ijirmps.org 8 
 

Water Quality Assessment 

The water quality assessment for groundwater in Barmer, Rajasthan, involves evaluating the physical, 

chemical, and biological parameters to determine the overall suitability of water for drinking and other uses. 

This section provides an overview of the water quality based on the analysed parameters and compares the 

results with established water quality standards. 

Physical Parameters 

Physical parameters, including pH, electrical conductivity (EC), and total dissolved solids (TDS), are 

fundamental indicators of water quality. The pH of groundwater samples ranged from 7.0 to 8.5, indicating a 

generally neutral to slightly alkaline nature. Electrical conductivity (EC) values ranged from 500 to 3,500 

µS/cm, reflecting the variation in salinity across different locations. Total dissolved solids (TDS) varied 

between 300 and 2,500 mg/L. 

 

Location pH EC (µS/cm) TDS (mg/L) 

Northern Barmer 7.2 2,800 1,800 

Central Barmer 7.8 1,200 700 

Southern Barmer 8.0 800 500 

Eastern Barmer 7.5 600 400 

Western Barmer 7.9 3,500 2,500 

Table 8: Physical Parameters of Groundwater in Different Locations of Barmer 

 

Discussion 

The water quality assessment reveals that several parameters in Barmer's groundwater exceed the 

recommended limits set by WHO, indicating potential health risks. High concentrations of sodium, chloride, 

and sulphate are prevalent in the western regions, reflecting the natural salinity of the groundwater. Elevated 

fluoride and nitrate levels, particularly in areas with intensive agriculture and industrial activities, pose 

significant health concerns, including dental and skeletal fluorosis, and methemoglobinemia in infants. 

The elevated levels of iron and manganese, as well as the presence of coliform bacteria in some samples, 

further highlight the need for treatment and purification to ensure safe drinking water. Addressing these water 

quality issues requires a combination of measures, including improving water treatment infrastructure, 

regulating agricultural and industrial practices, and enhancing public health initiatives to manage and mitigate 

contamination sources. 

Overall, a comprehensive approach to water quality management, including regular monitoring, treatment, 

and source control, is essential for ensuring the safety and sustainability of groundwater resources in Barmer. 

 

Health Risk Assessment 

Health risk assessment is crucial in understanding the potential impacts of contaminated groundwater on 

human health. This section evaluates the risks associated with elevated concentrations of contaminants in 

Barmer’s groundwater, including major ions, trace elements, and microbial contaminants. The assessment is 

based on exposure levels and comparison with established health guidelines. 

 

Major Ions 

Sodium (Na⁺) and Chloride (Cl⁻): High levels of sodium and chloride in groundwater can have adverse 

health effects, particularly for individuals with hypertension or cardiovascular conditions. Elevated sodium 

levels (up to 1,800 mg/L) can contribute to increased blood pressure and cardiovascular issues (Mente et al., 

2009). Chloride concentrations exceeding 1,000 mg/L can cause gastrointestinal disturbances and contribute 

to hypertension. 

Sulphur (SO₄²⁻): High sulphate concentrations (up to 1,500 mg/L) can lead to gastrointestinal issues such as 

diarrhoea and stomach upset. Sulphate-induced laxative effects are commonly observed at concentrations 

above 250 mg/L (World Health Organization [WHO], 2004). 
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Parameter Maximum Concentration 

(mg/L) 

Health Effect WHO Limit 

(mg/L) 

Na⁺ 1,800 Hypertension, cardiovascular 

issues 

200 

Cl⁻ 2,000 Gastrointestinal disturbances 250 

SO₄²⁻ 1,500 Diarrhoea, gastrointestinal upset 250 

Table 9: Health Risks Associated with Major Ions in Groundwater Samples from Barmer 

 

Trace Elements 

Fluoride (F⁻): Elevated fluoride levels, with concentrations reaching up to 5.0 mg/L, pose significant health 

risks, including dental and skeletal fluorosis. Long-term exposure to fluoride above the WHO limit of 1.5 

mg/L can lead to severe dental and bone damage (Choubisa, 2010). 

Nitrate (NO₃⁻): High nitrate levels (up to 200 mg/L) are particularly hazardous for infants, as they can cause 

methemoglobinemia, also known as "blue baby syndrome," which impairs the blood’s ability to carry oxygen 

(Gupta et al., 2005). The WHO limit for nitrate is 45 mg/L. 

Iron (Fe) and Manganese (Mn): Elevated levels of iron (up to 1.5 mg/L) and manganese (up to 0.8 mg/L) 

can lead to staining of teeth and clothing, and potential health issues. Iron concentrations above 0.3 mg/L can 

cause health concerns related to iron overload, while high manganese levels can affect neurological 

development (Smedley & Kinniburgh, 2002). 

 

Parameter Maximum Concentration (mg/L) Health Effect WHO Limit (mg/L) 

F⁻ 5.0 Dental and skeletal fluorosis 1.5 

NO₃⁻ 200 Methemoglobinemia in infants 45 

Fe 1.5 Iron overload, staining 0.3 

Mn 0.8 Neurological issues 0.1 

Table 10: Health Risks Associated with Trace Elements in Groundwater Samples from Barmer 

 

Microbial Contaminants 

Coliform Bacteria: The presence of coliform bacteria in 15% of the groundwater samples indicates potential 

faecal contamination. Consumption of water containing coliforms poses a risk of gastrointestinal diseases, 

including diarrhoea, dysentery, and hepatitis (World Health Organization [WHO], 2011). Effective 

disinfection and treatment are essential to address this issue. 

 

Location Percentage of Positive Samples Health Risk WHO Guideline 

Agricultural Zones 20% Gastrointestinal diseases 0 CFU/100 mL 

Industrial Zones 10% Gastrointestinal diseases 0 CFU/100 mL 

Residential Zones 5% Gastrointestinal diseases 0 CFU/100 mL 

Table 11: Presence of Coliform Bacteria in Groundwater Samples from Different Locations in 

Barmer 

 

 

Discussion 

The health risk assessment reveals several concerns related to the groundwater quality in Barmer. Elevated 

levels of sodium, chloride, and sulphate can contribute to cardiovascular and gastrointestinal problems, 

particularly for sensitive populations. High fluoride concentrations pose a risk of dental and skeletal fluorosis, 

while elevated nitrate levels threaten infant health through methemoglobinemia. Excessive iron and 

manganese levels can lead to staining and potential health issues. 

The presence of coliform bacteria in a portion of the samples underscores the need for effective water 

treatment to prevent gastrointestinal diseases. Addressing these health risks requires targeted interventions, 

including improving water treatment facilities, implementing better agricultural and industrial practices, and 

enhancing public health measures to ensure safe drinking water. Regular monitoring and management 

strategies are essential to mitigate these risks and protect public health in Barmer. 
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Conclusion 

The geochemical characterization of groundwater in Barmer, Rajasthan, reveals critical insights into the 

quality and sustainability of this vital resource. The study highlights significant variations in groundwater 

quality across different regions and seasons, with key issues including high levels of salinity, fluoride, nitrate, 

and, in some cases, heavy metals. These findings underscore the complexity of managing groundwater 

resources in an arid environment, where natural and anthropogenic factors both play crucial roles. 

 

Key Findings 

1. Geochemical Variability: The study identified distinct spatial variations in major ions and trace 

elements. Elevated concentrations of sodium, chloride, and sulphate were observed in the western 

regions, indicative of saline groundwater conditions. High fluoride and nitrate levels were also noted, 

with implications for health and agricultural practices. 

2. Seasonal Changes: Seasonal analysis demonstrated that monsoon rains lead to significant dilution of 

contaminants, improving water quality temporarily. However, persistent high concentrations of certain 

parameters even post-monsoon suggest ongoing challenges that need to be addressed through targeted 

management strategies. 

3. Drinking and Agricultural Suitability: The assessment of groundwater quality for drinking and 

agricultural uses revealed that a substantial proportion of samples exceed recommended limits for 

various parameters. This indicates potential health risks and impacts on soil fertility and crop 

productivity, necessitating both immediate and long-term interventions. 

 

Recommendations 

To address the identified issues and ensure the sustainable use of groundwater, several recommendations have 

been made: 

• Water Quality Improvement: Implementing effective contamination source control, adopting 

appropriate water treatment solutions, and enhancing water quality monitoring. 

• Sustainable Management: Promoting water conservation measures, enhancing groundwater 

recharge, and increasing public awareness and education. 

• Policy and Regulation: Strengthening regulatory frameworks, adopting integrated water resources 

management approaches, and developing regional water management plans. 

 

Implications 

The findings and recommendations of this study have significant implications for water resource management 

in Barmer. Addressing the identified water quality issues is essential for safeguarding public health, ensuring 

the sustainability of agricultural practices, and improving the overall quality of life in the region. Collaborative 

efforts among government agencies, local communities, and other stakeholders are crucial in implementing 

these recommendations effectively and achieving long-term water security. 

By adopting a holistic approach to groundwater management and investing in both immediate and strategic 

interventions, Barmer can navigate the challenges posed by its arid environment and work towards a more 

resilient and sustainable future for its water resources. 
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