


 
Multidimensional Evaluation of Underground Water Quality in Rooma, Kanpur ,U.P., India: A Physico-Chemical and Microbiological Approach
ABSTRACT
This study aims to assess the underground water quality of Rooma, an industrial and semi-urban area in Kanpur, Uttar Pradesh. With the growing urbanization and industrial activities, concerns about groundwater pollution have increased. The research focuses on key physical and chemical parameters, including pH, alkalinity, total hardness, fluoride, iron, and arsenic, to understand the current status of water quality. Biological indicators were also considered to provide a more complete picture of water safety. Samples were collected from various hand pumps, submersibles, and bore wells across the area. Laboratory analysis revealed that while some parameters were within permissible limits, others—especially potassium, magnesium, Total hardness, and arsenic—exceeded safe levels in most of the months recommended by the BIS and WHO. As well as the presence of microbes in terms of Total bacterial count and total Yeast count also indicated the health hazards among human beings. The findings suggest a potential risk to public health and the urgent need for regular monitoring and treatment of groundwater in the region.
Keywords-  Physico-chemical Parameters, Microbiological analysis, Industrial and semi-urban areas, Water quality assessment for drinking, public health risks etc.
1. INTRODUCTION
Groundwater is one of the most critical natural resources for sustaining life, agriculture, and industry in India. In urban and semi-urban regions like Rooma in Kanpur district, groundwater is the principal source of drinking and domestic use due to the lack of a continuous piped water supply (Singh et al., 2024; BIS, 2021). However, growing industrialization and unregulated waste disposal have raised serious concerns over groundwater quality in such areas (Gupta & Singh, 2023; Yadav & Yadav, 2025). 

Rooma is a rapidly developing locality located on the southern periphery of Kanpur city. Over the past two decades, several small- and medium-scale industries, including leather processing, textile dyeing, plastic manufacturing, electroplating, and chemical units, have emerged in and around this region (Bishnoi & Malik, 2008; Manna et al., 2024). These units often release untreated or partially treated effluents directly into the surrounding environment, increasing the risk of groundwater contamination through percolation (Ganiyu et al., 2018; Chaturwedi et al., 2024). Heavy metal contamination and microbial contamination in groundwater toxicity has been reported which indicating severe public health risks (Gupta et al., 2023; Thakur et al., 2024). Geochemical evaluations highlight arsenic contamination and propose treatment technologies tailored to groundwater conditions (Kanel et al., 2023).

The presence of toxic substances such as fluoride, iron, and arsenic, along with increased hardness, alkalinity, and microbial load, can severely degrade water quality and pose long-term health risks (Adimalla & Venkatayogi, 2018; Mukhopadhyay et al., 2025; Kapoor et al., 2024). 
Studies have shown that prolonged consumption of water with high fluoride leads to dental and skeletal fluorosis, while arsenic is linked with skin disorders, cancers, and neurological issues (WHO, 2022). Therefore, assessing the physical, chemical, and biological characteristics of groundwater in areas like Rooma is essential to understand the pollution levels and provide evidence-based recommendations for safe water use (Shaji et al., 2024). 
In Kanpur, groundwater vulnerability mapping using the DRASTIC model revealed zones of high susceptibility to pollution (Sahoo et al., 2016). Regulatory standards, such as the National Primary Drinking Water Regulations, provide benchmarks for safe drinking water and act as a guideline for monitoring contamination (Environmental Protection Agency, 2021).
2. METHODOLOGY

This study was conducted in Rooma, a semi-urban and rapidly industrializing locality located in the southern fringe of Kanpur city, Uttar Pradesh, India. Geographically, Rooma lies between latitude 260 21‘ 58“ N and longitude 800.25’ 25“ ‘E, covering an area of approximately 6 to 8 square kilometers. The average elevation is around 125 meters above sea level, and the region falls under the alluvial plains of the upper Ganga basin (Photograph 1).
The area experiences a moderate climate with hot summers and mild winters. Over the past two decades, Rooma has witnessed significant industrial expansion. The locality is home to various small and medium-scale industries, including leather tanning units, textile dyeing and printing factories, electroplating and metal processing industries, rubber, foam, and plastic molding units, and chemical-based manufacturing plants. These industries, often located close to residential areas, discharge waste into the environment, contributing to soil and groundwater contamination. The main source of water for residents is groundwater, accessed through hand pumps, submersibles, and deep bore wells. The groundwater depth varies between 25 and 45 meters, depending on the season and usage patterns (Misra, 2013; Fathi et al., 2021).
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Pic 1- Satellite view of the site Rooma 

To evaluate the quality of groundwater in this area, water samples were collected randomly from public hand pumps, submersibles, and private bore wells monthly from residential, industrial, and semi-rural zones. The collected samples were stored in pre-cleaned, sterilized polyethylene bottles and labeled accurately for laboratory testing for getting a complete picture on variation in parameters. The analysis focused on key physical, chemical, and biological parameters, which are important indicators of groundwater quality. During post-monsoon season, it reflects a relatively stabilized aquifer condition after natural recharge. 
The temperature was measured by a calibrated digital thermometer.  pH was also measured by using a calibrated digital meter to assess the acidity or alkalinity of water. Acceptable limits for pH lie between 6.5 to 8.5 as per BIS (2021) and WHO (2022) guidelines.
The APHA (2012) standard operating procedures will be used to the analysis of some chemical parameters by laboratory procedures, and few parameters were ascertained using analytical testing kits. For several metrics, such as hardness, total alkalinity, free carbon dioxide, and chloride, the titration method was used for analysis. Few are from digital meter as well as Analyzing kit, alike TDS by TDS Meter, Sulphates, Potassium, Magnesium, Nitrate, Iron, Fluoride, Arsenic are also determined respectively.

Microbiological analysis was performed using a BACTASLYDE(BS101) method to detect the Total bacterial count and total Yeast count. All the values obtained were compared with permissible limits set by the Bureau of Indian Standards (IS 10500:2021) and the World Health Organization (2022). The data were analyzed to determine pollutant distribution and identify risk-prone zones.
3. RESULTS AND DISCUSSION
The analysis of groundwater samples from Rooma, Kanpur provides a comprehensive picture of its Physico-chemical and microbial quality. Physico-chemical parameters offer insights into the inorganic pollution load and long-term geochemical processes affecting groundwater. The finding highlights seasonal fluctuations as well as the influence of local industrial and domestic activities on water parameters.
Table 1: Month wise water quality parameters monitoring data (May2024-April 2025)
	Months/   Parameters       
	May
2024
	June
2024
	July
2024
	August
2024
	September
2024
	October
2024
	November
 2024 
	December 
2024
	January
2025
	February
2025
	march
2025 
	April 2025

	pH
	7.2
	7.4
	7.3
	8.4
	7.9
	7.8
	9.5
	8.3
	8.5
	8.36
	8.03
	8.5

	TDS
	220
	265
	250
	302
	250
	170
	180
	250
	460
	436
	225
	250

	Temp
	20
	23
	25
	23
	22
	20
	25
	23
	20
	21
	25
	25

	Total alkalinity
	250
	350
	525
	350
	250
	300
	400
	400
	350
	350
	350
	350

	Total Hardness
	300
	350
	600
	750
	650
	550
	750
	500
	760
	600
	450
	400

	Chloride
	60
	80
	100
	80
	160
	60
	160
	60
	80
	100
	80
	60

	Fluoride
	0.5
	0.2
	0.6
	0.5
	0.3
	0.2
	0.5
	0.2
	0.3
	0.6
	0.8
	0.3

	Nitrate
	5.0
	5.0
	0.5
	2.5
	0.5
	1.5
	5.0
	5.0
	2.5
	2.5
	5.0
	2.5

	Iron
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Arsenic
	25
	25
	25
	25
	25
	25
	1.2
	50
	25
	25
	25
	25

	Potassium
	17
	15
	15
	17
	18
	15
	15
	17
	17
	15
	18
	15

	Magnesium
	130
	125
	117
	126
	117
	125
	134
	125
	117
	127
	122
	125

	Sulphate
	27
	28
	25
	20
	25
	25
	21
	28
	27
	25
	55
	25

	Carbon dioxide 
	20
	10
	30
	25
	35
	35
	45
	35
	25
	20
	10
	20




pH Indicates acidity/alkalinity. Extreme pH alters taste, corrodes pipelines, and changes solubility of toxic metals. pH of water samples analyzed was ranged from 7.2 (May 2024) to 9.5 (November 2024). Common rage of pH is 7.3-8.5 for monthly water samples. Values beyond 8.5 in multiple months indicate alkaline water, possibly due to dissolution of carbonate-rich strata or industrial effluent discharge. Mostly values were within permissible BIS/WHO limits, but exceed only in November (BIS/WHO-6.5–8.5). Reflects total inorganic salts and organic matter. High TDS affects taste, scaling in pipes, and may indicate pollution. Likewise, TDS values vary from 170 (October) to 460(January), with most values between 220 and 302. Mostly values were within permissible BIS limits (500 mg/L). TDS increases post-monsoon suggest leaching of salts and industrial pollutants into the aquifer (Fig.1).









Fig.1- Monthly Fluctuation in TDS and pH
Temperature affects palatability, microbial growth, and solubility of gases/minerals. Warm water favors bacterial contamination. It ranges from 20 to 25 degrees Celsius. Generally, warmer in Monsoon and Spring. There was no significant role of temperature in evaluation of water quality directly. There is no strict limit for this. Total alkalinity shows buffering capacity due to carbonates/bicarbonates. High alkalinity can affect solubility and toxicity of pollutants. It’s values range from 250 to 525, with most values between 250 and 400. Total alkalinity also crossed 500 mg/L (July 2024), supporting the observation of alkaline water chemistry. Alkalinity, although not toxic, can alter the solubility and toxicity of other compounds like ammonia, metals, and arsenic (Singh & Srivastava, 2023), Mostly values were within permissible BIS limits (200-600 mg/L) (Fig.2).

Fig.2 -Monthly Fluctuation in Temperature and Total Alkalinity

Total hardness caused by calcium and magnesium salts. Hard water causes kidney stone risk, poor soap lathering, and scaling in household use (Tyagi & Bansal, 2021). Its values vary from 300 to 760, with most values between 350 and 650. Hardness peaked at 760 mg/L (January 2025), much above the BIS safe limit (300-600 mg/L), indicating high calcium and magnesium content. Chloride indicates mineral content; excess often linked with sewage/industrial discharge. High levels cause salty taste and corrosion. Chloride values range from 60 to 160, with most values between 60 and 100. Its peak values found in Post-monsoon & winter (Sep–Nov). Safe limit,250 mg/L (desirable), 1000 mg/L (permissible)(Fig.3). 







Fig.3-Monthly Fluctuation in Total Hardness and Chloride.
Fluoride is essential in trace amounts for maintaining dental health, but excessive intake can lead to adverse health effects, including dental fluorosis and skeletal fluorosis, highlighting the importance of optimal fluoride levels. Fluoride values vary from 0.2 to 0.8, with most values between 0.2 and 0.6. levels were moderate (0.2–0.8 mg/L), mostly within safe ranges, but occasional spikes (March 2025: 0.8 mg/L) Fluoride require monitoring. 
Nitrate reached in ground water from fertilizers, sewage, and leaching by many natural and manmade practices. High nitrate causes “blue baby syndrome” (methemoglobinemia) in infants Nitrate values range from 0.5 to 5.0, with most values between 0.5 and 2.5 Nitrate levels, ranging from 0.5 to 5.0 mg/L with common values below 2.5 mg/L and seasonal peaks during monsoon and spring (May, June, November, and March), are considered safe according to BIS/WHO guidelines, as they fall well below the permissible limit of 45 mg/L (Fig.4).

Fig.4- Monthly Fluctuation in Fluoride and Nitrate
Iron was consistently absent (0 mg/L) throughout the study, suggestion-bearing strata or corroded pipelines A toxic metalloid. Long-term exposure linked to cancers, skin lesions, and neurological disorders. Arsenic remained persistently high (25–50 µg/L), with November 2024 peaking at 50 µg/L, which exceeds both BIS (10 µg/L) and WHO (10 µg/L) limits. Arsenic values range from 1.2 to 50 (ppm), with most values at 25. Chronic arsenic exposure is a serious public health hazard associated with cancers, skin lesions, and neurological dysfunction(Fig.5).

Fig.5- Monthly Fluctuation in Iron and Arsenic
A natural mineral. Normally harmless, but very high levels may affect individuals with kidney/cardiac problems. Potassium values vary from 15 to 18 mg/L, with most values between 15 and 17. Slight rise in Sep & January may affect kidney patients if in excess, and according to BIS/WHO guidelines, there's no strict limit making it acceptable. 
Elevated concentrations of this essential nutrient can paradoxically contribute to increased water hardness, gastrointestinal disturbances characterized by laxative effects, and the formation of scales, underscoring the complex relationship between nutrient levels and water quality dynamics. It is with a range of 117–134 mg/L and a common range of 125–130 mg/L, exhibits a peak concentration in November (134 mg/L), and according to BIS guidelines, the levels are slightly high, exceeding the desirable limit of 30–100 mg/L but within the permissible limit of 200 mg/L (Fig.6).


Fig.6- Monthly Fluctuation in Potassium and Magnesium.
Sulphate concentrations exceeding permissible limits can lead to a bitter taste in water, promote corrosion of infrastructure, and cause gastrointestinal issues, including laxative effects such as diarrhea, thereby impacting both water quality and public health. Sulphate levels in the water range from 20 to 55 mg/L, typically between 25-28 mg/L, with a peak of 55 mg/L in March, and are considered safe according to BIS standards, as they fall well below the desirable limit of 200 mg/L and the permissible limit of 400 mg/L, posing no risk of bitter taste or laxative effects.) Carbon dioxide is a dissolved gas indicates a potential impact on water chemistry, as high levels can lower pH, increase corrosiveness, and alter aquatic chemistry, thereby affecting the overall water quality and ecosystem balance. its values vary from 10 to 45. mostly range 25 to 35 mg/L, with higher concentrations observed post-monsoon in November, and are considered acceptable as per BIS/WHO guidelines, which do not specify a fixed limit for these parameters (Fig No.7). 








Fig 7  -Monthly Fluctuation in Sulphate and Carbon dioxide
Microbial contamination is one of the most critical indicators of drinking water safety. The presence of bacteria (especially coliforms), yeasts, and other microorganisms directly threatens public health. Unlike chemical contaminants that usually cause long-term effects, microbes can cause immediate illnesses such as diarrhea, cholera, dysentery, typhoid, and gastrointestinal infections. WHO recommends zero coliform bacteria in 100 ml of drinking water, as even a small presence can be unsafe for mankind.
Table 2: Microbial contamination level in water samples.
	Month (2024-2025)
	Total yeast count/ml
	Total Bacterial count /ml
	Time

	May2024
	< 102
	< 102
	24 hours

	June2024
	< 102
	< 102
	24 hours

	July2024
	< 102
	 102
	24 hours

	August2024
	<102
	103
	24 hours

	September2024
	< 102
	<102
	24 hours

	October2024
	< 102
	<102
	24 hours

	Novmber2024
	<102
	<102
	24 hours

	December2024
	<102
	<102
	24 hours

	January2025
	<102
	<102
	24 hours

	February2025
	< 102
	 <102
	24 hours

	March2025
	<102
	< 102
	24 hours

	April2025
	< 102
	<102
	24 hours


Microbial contamination levels in water samples over a year, from (May2024 to April 2025) showed in terms of total yeast count and total Bacterial count. The total yeast count per milliliter remains consistently below <102 throughout the year, Yeasts are generally non-pathogenic, but their persistent presence in groundwater may point towards Organic matter contamination, possibly from decomposing waste or industrial sludge. Biofilm development within hand-pump infrastructure due to irregular cleaning. Persistent low-level yeast detection necessitates regular disinfection of water extraction points and infrastructure to prevent biofilm-associated infections.
Likewise, total bacterial count per milliliter is also generally below <102, except for July and August 2024, where it reaches <102 and <103, respectively time measurement taken within 24 hours, indicating a standardized testing protocol. This fluctuation may be attributed to monsoonal runoff and leaching of surface contaminants into shallow aquifers. Sometimes, overflow or seepage from improperly constructed septic tanks, common in semi-urban zones. Increased anthropogenic activity and poor waste management during wet seasons also responsible for contamination. According to WHO (2022) guidelines, zero coliform or pathogenic bacterial presence is desirable in drinking water. Although the bacterial levels were generally low, the observed seasonal peaks reflect a moderate microbial threat, especially for immunocompromised individuals.
Generally, post-monsoon months (August–October 2024) showed increased microbial counts, TDS, and alkalinity, suggesting percolation from industrial and surface runoff sources and Winter months recorded peak values of hardness and arsenic, which may be linked to low groundwater recharge and increased concentration of dissolved salts.
CONCLUSION
The findings of this study reveal a complex and concerning picture of groundwater quality in the Rooma area of Kanpur. While some Physico-chemical parameters, such as pH, TDS, and chloride, remained within acceptable limits, several critical indicators—particularly total hardness, alkalinity, and arsenic levels—consistently exceeded safe thresholds. This indicates a growing chemical burden in the local aquifer, likely driven by unregulated industrial activity and inadequate environmental safeguards.
What makes the situation more alarming is the biological assessment, which, although showing relatively low levels of microbial contamination, exposed seasonal spikes in bacterial load—especially during and after the monsoon season. Even these low or moderate microbial presences are unacceptable in drinking water, especially for vulnerable populations like children and the elderly. Such contamination hints at leakages from sanitation systems, surface runoff, or poor infrastructure hygiene, all of which reflect systemic neglect.
The recurring presence of arsenic in elevated concentrations, along with episodic increases in fluoride, poses a long-term public health threat. These toxic elements are linked to irreversible conditions, including skin disorders, bone deformities, and various cancers. If left unchecked, continued reliance on this water source without treatment could silently fuel chronic health crises in the region.
While the groundwater in Rooma remains a vital lifeline for the local community, its quality is under serious stress from both industrial pollutants and microbial threats. Microbial safety is moderate but unstable, warranting seasonal chlorination or UV treatment. High arsenic levels demand immediate community-level awareness and installation of arsenic filters or alternative water sources. Policy-level interventions for industrial waste regulation and source-wise water quality zoning are urgently needed. In addition, there is an urgent need for regular, multi-parameter monitoring, community-level awareness, and sustainable water management strategies. Safe drinking water should not be a privilege—it is a basic right. For Rooma, that right can only be protected through science-backed policies, better infrastructure, and community participation in safeguarding this essential resource.
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Month wise Temperature and Total Alkalinity(may2024-april2025)

TEMP	
45413	45444	45474	45505	45536	45566	45597	45627	45658	45689	45717	45748	20	23	25	23	22	20	25	23	20	21	25	25	TOTAL ALKALINITY	
45413	45444	45474	45505	45536	45566	45597	45627	45658	45689	45717	45748	250	350	525	350	250	300	400	400	350	350	350	350	


Month wise Total Hardness and Chloride level(may2024-april2025)

TOTAL HARDNESS	
45413	45444	45474	45505	45536	45566	45597	45627	45658	45689	45717	45748	300	350	600	750	650	550	750	500	760	600	450	400	CHLORIDE	
45413	45444	45474	45505	45536	45566	45597	45627	45658	45689	45717	45748	60	80	100	80	160	60	160	60	80	100	80	60	


Month wise  Fluoride and Nitrate level (may2024 -april 2025)

FLUORIDE	
45413	45444	45474	45505	45536	45566	45597	45627	45658	45689	45717	45748	0.5	0.2	0.6	0.5	0.3	0.2	0.5	0.2	0.3	0.6	0.8	0.3	NITRATE	
45413	45444	45474	45505	45536	45566	45597	45627	45658	45689	45717	45748	5	5	0.5	2.5	0.5	1.5	5	5	2.5	2.5	5	2.5	


Month wise iron and arsenic levels (may2024-april2025)

IRON	
45413	45444	45474	45505	45536	45566	45597	45627	45658	45689	45717	45748	0	0	0	0	0	0	0	0	0	0	0	0	ARSENIC	
45413	45444	45474	45505	45536	45566	45597	45627	45658	45689	45717	45748	25	25	25	25	25	25	1.2	50	25	25	25	25	


Month wise Potassium and Magnesium (may2024-april2025)

POTASSIUM	
45413	45444	45474	45505	45536	45566	45597	45627	45658	45689	45717	45748	17	15	15	17	18	15	15	17	17	15	18	15	MAGNESIUM	
45413	45444	45474	45505	45536	45566	45597	45627	45658	45689	45717	45748	130	125	117	126	117	125	134	125	117	127	122	125	#REF!	
0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	#REF!	
0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	


Month wise Sulphate and Carbondioxide level(may2024-april2025)

SULPHATE	
45413	45444	45474	45505	45536	45566	45597	45627	45658	45689	45717	45748	27	28	25	20	25	25	21	28	27	25	55	25	CARBON DIOXIDE	
45413	45444	45474	45505	45536	45566	45597	45627	45658	45689	45717	45748	20	10	30	25	35	35	45	35	25	20	10	20	


Month wise value of pH and TDS level (may2024 to april 25)


pH	
45413	45444	45474	45505	45536	45566	45597	45627	45658	45689	45717	45748	7.2	7.4	7.3	8.4	7.9	7.8	9.5	8.3000000000000007	8.5	8.36	8.0299999999999994	8.5	TDS	
45413	45444	45474	45505	45536	45566	45597	45627	45658	45689	45717	45748	220	265	250	302	250	170	180	250	460	436	225	250	
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