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 This study presents a comprehensive assessment and comparison of 

the physico-chemical properties of well water from three different 

locations within the state of Bihar, India—Patna, Gaya, and Bhagalpur. 

The aim was to evaluate the quality of well water used for domestic 

purposes in these regions and to compare it against standard 

permissible limits. Water samples were collected from three wells—

one in each city—and were labeled as Sample A (Patna), Sample B 

(Gaya), and Sample C (Bhagalpur). The sampling process involved 

rigorous precautions to ensure sample integrity, including pre-cleaned 

and sterilized containers, immediate temperature recording, and cold 

storage to prevent contamination and degradation.The physicochemical 

parameters analyzed. Standard laboratory procedures and instruments 

were employed for the measurement of each parameter. The results 

revealed notable variations among the samples in terms of water 

chemistry, although all parameters remained within permissible limits 

set by regulatory bodies such as the World Health Organization 

(WHO).This assessment not only highlights the current status of well 

water quality in selected urban centers of Bihar but also underscores 

the need for regular monitoring to ensure water safety. The findings 

serve as a baseline for future studies and offer useful insights for 

environmental management and public health authorities concerned 

with groundwater quality. 
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I. INTRODUCTION 

Every single living thing on our planet relies on water for its survival; it is the most 

basic necessity. In areas without permanent quantities of surface water, groundwater 

is among the most important sources of freshwater that are accessible. Domestic, 

agricultural, and industrial users commonly rely on wells—both shallow and deep—

as dependable supplies of groundwater. Well water quality is important for several 

reasons, including human health, environmental sustainability, and economic growth. 

For this reason, it is crucial to conduct scientific studies comparing and evaluating the 

physicochemical characteristics of well water. pH, temperature, turbidity, total 

dissolved solids (TDS), electrical conductivity (EC), hardness, and concentrations of 

different ions like chloride, fluoride, nitrate, sulphate, and metals like iron, lead, or 

arsenic are all examples of physico-chemical parameters. How well water meets these 

criteria impacts its viability for human use, agricultural irrigation, manufacturing, and 

ecological preservation. 

Rainfall and other types of precipitation seep into the earth, seep through layers of 

rock and soil, and eventually end up stored in aquifers as groundwater, which may be 

reached by wells. As it flows through different geological formations, water picks up 

minerals and compounds from them. Some of these ingredients are good in little 

doses, but others, when used in larger quantities, can be dangerous. In addition, the 

chemical makeup of groundwater may be changed by human activities such 

inappropriate sewage disposal, pesticide and fertilizer usage, industrial runoff, and 

uncontrolled land use practices. To guarantee the quality and safety of well water, it is 

essential to regularly monitor and scientifically evaluate its physico-chemical 

qualities. Sustainable water management techniques, a knowledge of hydro-

geochemical processes, and the origins of pollution may all be advanced with the use 

of such evaluations. 

The effect on public health is a major worry when it comes to well water quality. 

Contaminated water is a common cause of water-related illnesses, such as dysentery, 

gastrointestinal infections, and even long-term health problems including fluorosis 

and methemoglobinemia. Chemical pollutants, such as nitrates and heavy metals, pose 
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a unique threat because of the harm they may do when they build up in the body. As 

an example, "blue baby syndrome" in neonates can be caused by drinking water with 

high nitrate levels, while skin lesions and an increased risk of cancer can be caused by 

continuous exposure to arsenic. Water quality in wells can be assessed by 

systematically analyzingphysico-chemical parameters. This allows researchers and 

health officials to ascertain if the water satisfies national and international drinking 

water standards, such as those established by the WHO, USEPA, and local 

organizations like the Bureau of Indian Standards (BIS). 

The comparison of physico-chemical parameters across several wells or locations is 

another aspect of this investigation. By comparing different areas, we may learn more 

about the geographic variability of groundwater quality and spot patterns or outliers. 

Such comparisons may demonstrate, for instance, that heavy metal levels are greater 

in wells close to industrial zones while nitrate concentrations are higher in wells next 

to agricultural areas as a result of fertilizer runoff. To visualize and understand these 

differences, people frequently use statistical methods and tools from Geographic 

Information Systems (GIS). In addition to helping identify problem locations, 

comparing assessments may help prioritize them so that corrective measures like 

filtration systems, well rehabilitation, or alternate water supply schemes can be put in 

place more quickly. 

Well water's physicochemical condition also affects farming and manufacturing. Soil 

structure, plant development, and crop output are impacted by factors including 

salinity, salt absorption ratio (SAR), and hardness in agricultural contexts. Whether 

it's for cooling, processing, or cleaning, the quality standards that industrial water 

must fulfill vary with each usage. Scaling, corrosion, and inefficient operations are all 

consequences of water that isn't up to par. So, it is an economic priority as well as an 

issue of public health and the environment to evaluate the properties of well water. 

Stakeholders may maximize resource use and minimize possible damage by making 

educated decisions regarding water treatment and consumption based on results from 

regular water testing. 

Water samples are taken from certain wells and analyzed in a lab according to 

established protocols as part of the approach used to evaluate physico-chemical 
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parameters. Some parameters, including temperature, alkalinity, and total hardness, 

are evaluated in the lab using chromatographic, titrimetric, or spectrophotometric 

techniques; others, like pH, EC, and pH, are assessed in situ using portable devices. 

The outcomes are subsequently assessed in relation to predetermined benchmarks, 

and indices like the Water Quality Index (WQI) can be calculated to offer a 

comprehensive perspective on water quality. Data interpretation, variable 

identification, and quality classification of water samples are common tasks for 

statistical methods such as cluster analysis, correlation analysis, and principal 

component analysis (PCA). 

Due to factors such as rising temperatures, expanding human populations, and an 

ever-increasing need for potable water, water quality monitoring has assumed more 

significance in recent years. Groundwater recharge and water chemistry are both 

affected by changes in precipitation patterns, increasing temperatures, and the 

frequency and severity of extreme weather events. At the same time, groundwater 

supplies are under tremendous stress from growing urbanization and industrialization. 

Millions of people throughout the world, particularly in rural and semi-urban regions, 

rely on well water as their major supply of drinking water. These changes highlight 

the need of regularly and thoroughly assessing groundwater, especially well water. 

II. REVIEW OF LITERATURE 

Hasan, Md. Mahadiy et al., (2021) Several man-made water reservoirs may be found 

in Barishal City. BibirPukur (pond), Amtala Lake, Choumatha Lake, and the City 

Corporation Pond are four water reservoirs in Barishal City, Bangladesh, that were 

under investigation for this study. The objective was to assess their present 

physicochemical features. A wide range of metrics were averaged to determine the 

physico-chemical attributes. These included depth, color, clarity, total dissolved 

solids, pH, salinity, and electric conductivity (EC). The City Corporation Pond has the 

highest recorded water temperature, which peaked at 31.77±0.09 °C. The total 

dissolved solids content in Amtala Lake is 199±1.15 and its electric conductivity is 

0.413 ±0.009 ms/cm. The average pH at City Corporation Pond was 7.88±0.01, 

whereas the salinity at Choumatha Lake was 140±1.73. The water level in BibirPukur 

was the deepest of the four reservoirs, measuring 260.33± 13.98 cm. Dissolved 
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oxygen reached a maximum concentration of 2.03±0.12 mg/l, whereas phosphate 

reached 294.12±3.92 µg/l. 

Rawat, Roohi & Siddiqui, Azizur. (2019). One of the most basic human needs is the 

ability to get clean, drinkable water, especially in densely populated urban areas 

where water use is high. The importance of having access to healthy drinking water 

cannot be overstated when considering one's health in general. In terms of safety and 

dependability, groundwater is generally considered to be the best option for obtaining 

drinkable water. The rapid industrialization and population growth have the 

unfortunate side effect of polluting groundwater sources with harmful pollutants. 

Many diseases are caused by these contaminants, which might be chemical or 

biological in origin. Water contamination is the root cause of most global diseases, 

says the World Health Organization (WHO). Water found in nature is colorless, 

odorless, and bacteria free; its pH ranges from 6.5 to 8.5. What we call "potable 

water" is actually rather accurate. The purpose of this study was to analyze the 

physiochemical parameters of Allahabad's drinking water in order to ascertain the 

level of toxicity of certain contaminants. In this article, we contrast the IS10500 and 

ISI criteria for parameter evaluations, which are based on the Indian Standard 

Specification for Drinking Water. Furthermore, research on both international and 

domestic norms has been carried out (Geneva: WHO, 1984). We compared water 

quality samples from several Allahabad locations to the criteria set out by these 

groups. 

Sarhat, Abdulmutalib et al., (2018) The objective of this research is to determine the 

suitability and use of Bawashaswar Dam water by analyzing its physical and chemical 

properties. Twelve water samples were taken from different locations within the 

reservoir of the dam and tested for a number of physical and chemical characteristics, 

including pH, electrical conductivity, total hardness, chloride, sulphate, bicarbonate, 

nitrites, total dissolved solids, magnesium, calcium, sodium, and potassium. The salt 

adsorption ratio (SAR), residual sodium carbonate (RSC), magnesium hazard (MH%), 

and Kelly's ratio (KR) were utilized to decipher the measured quantities of these 

components. When compared to criteria for irrigation water and water quality for 

fishery life, the majority of the evaluated metrics for reservoir water were found to be 

good. Drinking water rules state that dam water must undergo treatment before it may 
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be made available to the public for consumption due to high levels of turbidity, total 

dissolved solids (TDS), and relative solids concentration (RSC) in specific areas. 

Saleem, Qayied&Algamal, Yousif. (2016). It was in Khulais Province in western 

Saudi Arabia, around 30 km from the Red Sea's eastern shore, that the study was 

carried out. Traditional farmers and residents of the Khulais valley both relied on the 

region's potable groundwater. Temperature, pH, electrical conductivity, total 

dissolved solids, total alkalinity, total hardness, calcium, magnesium, sodium, 

potassium, iron, chloride, nitrate, sulphate, fluoride, and biological characteristics 

were some of the physicochemical and microbiological properties measured and 

analyzed in this study of sixteen groundwater samples. Results for physicochemical 

and microbiological parameters for this groundwater were found to be higher than the 

permissible limits when compared with standard values of (GSC), (SASO), and the 

World Health Organization (WHO) protocols. These traits were also analyzed using 

statistical techniques. 

O., Okeola et al., (2010) In order to find any possible connections or interactions, the 

physicochemical parameters of four wells along the River Asa in the Nigerian cities 

of Ilorin and Kwara were studied. In order to conduct physicochemical analyses, 

water samples were collected throughout the rainy and harmattan seasons. The results 

revealed that all other parameters exhibited changes except for pH and temperature, 

which were associated with ranges of 33–35oC and 23–26oC, respectively, and with 

ranges of 7–8 and 6–7, respectively, during the harmattan and rainy seasons. The river 

sample performed better than the well samples on certain measurements, including 

color (33-66 ptco), turbidity (0.5-0.8 FAU), total dissolved solids (127-275 mg/ml), 

and total suspended particles (0.8-0.9 mg/ml). Nearby wells, on the other hand, 

showed much higher concentrations of total hardness, alkalinity, chloride, and nitrate 

than sulphate and phosphate. Well samples showed lower amounts of heavy metal 

ions (0.74 to 1.12 mg/l for Fe2+ and 0.005 to 0.01 mg/l for Ni2+), in contrast to the 

river's 1.9 to 3.07 mg/l for Fe2+ and 0.09 to 0.39 mg/l for Ni2+, respectively. The 

results usually showed that different types of water had different qualities. This 

demonstrates that the two bodies of water do not come into touch with one another. 
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III. MATERIAL AND METHODS 

Sampling site 

The three well water samples that were taken were called A, B, and C, and they came 

from various locations inside the Bihar city. The water samples were taken from three 

different wells in different locations: one in Patna, one in Gaya, and one in Bhagalpur, 

Bihar. After being chilled overnight, all of the samples were sent to the lab in a cooler 

with an ice chip around each one. 

Sample Collection 

All three of the well water samples (A, B, and C) taken in Patna, Gaya, and Bhagalpur 

were analyzed using the following parameters and methods. Each of the plastic 

storage containers was washed with distilled water and detergent before use. A, B, 

and C were the labels given to the three samples that were gathered. The water was 

drawn directly from the well in the morning, and after that, we made sure to correctly 

insert the probe into the well before collecting the sample. To prevent any heat from 

damaging the samples, we washed each container with the water from the well. We 

placed the thermometer in the sample as soon as it was collected and let it stand for 10 

minutes. We then recorded the readings and put the sample in the fridge to preserve it 

for analysis. 

Sterilization of Glassware  

After soaking in a 10% HC1 solution overnight, washing with water and soap, rinsing 

with deionized water, drying in an oven, and cooling on a desiccator, all of the 

glassware and polyethienic storage container utilized in this study were taken care of 

to prevent contamination. 

Physicochemical Analysis 

Following physio-chemical parameters are analysed in this study: - 

a) Temperature 
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b) Conductivity  

c) pH 

d) Turbidity  

e) Odour  

f) Total hardness  

g) Chloride content  

h) Total Alkalinity  

i) Total Dissolved solid (TDS)  

j) Total suspended solid (TSS) 

k) Sulphate determination  

IV. RESULT AND DISCUSSION 

Table 1: Result of Physicochemical parameters of well water sample from Patna, 

Gaya and Bhagalpur in Bihar as compared with standard 

Parameter Patna Gaya Bhagalpur WHO 

Temperature (0C) 24.1 25.8 25.3 Ambient 

pH 6.42 6.59 6.55 6.4-8.3 

Conductivity (us/cm) 320 990 507 1000 

Turbidity (FTU) 48.64 27.28 58.14 5.00 

Total solid TS (mg-1) 100 200 140 - 

Total Dissolved Solid (mg/L) 80 100 120 <500 

Total suspended solid (mg/L) 20 100 20  

Dissolved oxygen (DO) (mg/L) 8.45 6.18 7.09  

COD (mg/L) 98.00 154.00 120.00  

Chloride (mg/L) 0.12 0.04 0.12 250 
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Sulphate (mg/L) 7.6 8.9 9.4 250 

Odour UN UN UN  

Alkalinity (mg/L) 12.2 13.17 12.8  

Hardness as (CaCO ) (mg/L) 60.2 75.6 65.9  

Nitrate (mg/L) Nitrate (mg/L) 3.03 3.65 2.74 <50 

Numerous physico-chemical indices, including conductivity, TDS, chloride, sulphate, 

hardness, and nitrate, were found to be within the WHO permitted limits in well water 

samples taken from Patna (A), Gaya (B), and Bhagalpur (C) in Bihar, suggesting 

chemical quality that is typically safe to drink. All three samples, but notably 

Bhagalpur at 58.14 FTU, have turbidity levels much over the acceptable limit of 5.00 

FTU, indicating heavy physical pollution.  

There may be organic contamination as a result of the high Chemical Oxygen 

Demand (COD) values, which are especially noticeable in Gaya. There was no 

disagreeable odor and the nitrate levels were within acceptable limits, however the 

water is unfit for human consumption due to its high turbidity and COD levels. Proper 

filtration and regular monitoring are highly recommended. 

Table 2: Result of the concentrations of heavy metals in the analyzed well water 

samples as compared to standards 

Parameter Patna Gaya Bhagalpur WHO 

Lead (Pb) (mg/L) 0.00001014 0.000088 0.000071 0.05 

Copper (Cu) (mg/L) 0.0000629 0.00008841 0.00007242 1.00 

Manganese (Mn) (mg/L) 0.00001659 0.0000224 0.0000128 0.10 

Iron (Fe) (mg/L) 0.00004038 0.0000374 0.0000401 <0.3 

Table 2 presents the concentration levels of selected heavy metals — Lead (Pb), 

Copper (Cu), Manganese (Mn), and Iron (Fe) — in well water samples collected from 
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three locations in Bihar: Patna, Gaya, and Bhagalpur. These values are compared 

against the permissible limits set by the World Health Organization (WHO) for 

drinking water quality.Starting with Lead (Pb), the concentrations in Patna 

(0.00001014 mg/L), Gaya (0.000088 mg/L), and Bhagalpur (0.000071 mg/L) are all 

significantly lower than the WHO permissible limit of 0.05 mg/L. This indicates that 

the well water in all three cities is well within safe limits for lead contamination, 

suggesting minimal risk from lead exposure through drinking water. 

For Copper (Cu), the concentrations in Patna (0.0000629 mg/L), Gaya (0.00008841 

mg/L), and Bhagalpur (0.00007242 mg/L) are also far below the WHO guideline of 

1.00 mg/L. This demonstrates that copper levels in the water samples are extremely 

low and do not pose any health concern in these regions.In the case of Manganese 

(Mn), the values recorded in Patna (0.00001659 mg/L), Gaya (0.0000224 mg/L), and 

Bhagalpur (0.0000128 mg/L) are much lower than the WHO standard of 0.10 mg/L.  

This suggests that manganese concentration in the well water is negligible and well 

within acceptable limits for human consumption.Finally, the concentration of Iron 

(Fe) in Patna (0.00004038 mg/L), Gaya (0.0000374 mg/L), and Bhagalpur 

(0.0000401 mg/L) is significantly lower than the WHO permissible level of 0.3 mg/L. 

These results indicate that iron content in the sampled well water is minimal and 

poses no threat to water quality or public health. 

Overall, the interpretation of this table clearly shows that the concentrations of all four 

analyzed heavy metals in the well water samples from Patna, Gaya, and Bhagalpur are 

well below the respective WHO permissible limits. This implies that, in terms of 

heavy metal contamination, the well water in these areas is considered safe for human 

consumption. 

V. CONCLUSION 

Well water samples taken in Bihar from Patna, Gaya, and Bhagalpur were analyzed 

for their physico-chemical and heavy metal characteristics. The results showed that 

although the water's chemical and heavy metal contents were generally within 

acceptable limits, there were some concerns regarding its physical quality, particularly 

with regard to turbidity and organic content, as shown by high COD values. As the 
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quantities of these harmful metals are extremely low and are below acceptable limits 

established by the World Health Organization, the water samples do not represent a 

significant threat. Water that does not undergo adequate treatment may be unfit for 

human consumption due to the high turbidity levels, which indicate the existence of 

suspended particles and possible microbial contamination. Water needs to be filtered 

and disinfected before it can be used for cooking or drinking, even when its chemical 

quality seems to be harmless. To maintain the ongoing safety and usefulness of well 

water in these regions, it is essential to conduct regular monitoring, raise public 

awareness, and enhance cleanliness and well protection. 
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