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Abstract:
Groundwater is a vital resource for drinking and irrigation, yet its quality in rural regions like Motipur block, Muzaffarpur (Bihar), remains understudied. This study assessed groundwater suitability using 40 samples from hand pumps and tube wells, analyzed for pH, electrical conductivity (EC), bicarbonate (HCO₃⁻), chloride (Cl⁻), and total dissolved solids (TDS). Results indicated slightly alkaline water (pH 7.50–8.34, avg. 7.95), within WHO/BIS safe limits. However, EC exceeded 500 µS/cm (BIS threshold), and 23 samples surpassed WHO bicarbonate standards (350 mg/L). While TDS (300–1150 mg/L) mostly complied with BIS (500 mg/L), chloride levels (355–1136 mg/L) universally exceeded safe limits (250 mg/L). The findings highlight localized contamination risks, urging targeted interventions for sustainable water management in the region.
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Introduction 
Groundwater is a vital natural resource, essential for sustaining life, agriculture, and industrial development worldwide (Mariappan et al., 2005, Kumar et al., 2024). As the primary source of drinking water in both rural and urban communities, its quality directly impacts human health and ecosystem stability (Kumar et al., 2024a). However, increasing contamination from anthropogenic activities and inadequate water management practices have raised significant concerns about groundwater availability and safety (Kumar and Jha., 2021, Ajeet et al.,2021, Chattopadhyay et al., 2021 ). For instance, the U.S. Environmental Protection Agency (EPA) cautions against using water with total dissolved solids (TDS) exceeding 500 mg/L for drinking, underscoring the need for rigorous quality monitoring (Kumar et al., 2025). The chemical composition of groundwater is influenced by soluble ions such as calcium (Ca²⁺), magnesium (Mg²⁺), sodium (Na⁺), potassium (K⁺), chloride (Cl⁻), sulfate (SO₄²⁻), carbonate (CO₃²⁻), and bicarbonate (HCO₃⁻), along with trace elements like arsenic (As) and fluoride (F⁻) (Bangar et al., 2022). Elevated concentrations of electrical conductivity (EC), TDS, hardness (TH), and fluoride can render groundwater unsuitable for consumption, highlighting the importance of regular assessment (World Health Organization [WHO], 2011). In Bihar, India, salinization affects approximately 3.2 lakh hectares of land, particularly in districts like Muzaffarpur, where poor-quality irrigation water threatens soil health and crop productivity (Seleiman et al., 2022, Singh et al., 2025; Kumar et al., 2025). Inadequate drainage systems exacerbate soil salinization and alkalization, degrading physical soil conditions and reducing agricultural yields (Kamra, 2021, Zade et al., 2021). Furthermore, the indiscriminate use of groundwater contaminated by chemicals (Rekha et al., 2025) or sewage poses severe health risks and compromises its suitability for domestic, industrial, and agricultural purposes (Jha et al., 2000; Kumar ., 2016). To address these challenges, comprehensive datasets and standardized parameters-aligned with guidelines from the WHO, Bureau of Indian Standards (BIS), and Food and Agriculture Organization (FAO) are critical for evaluating water quality (Ashfaq & Ahmad, 2014; Deshmukh & Urkude, 2014). In Muzaffarpur’s Motipur block, where communities rely heavily on hand pumps and tube wells, awareness of water quality issues remains limited. This study aims to assess the suitability of groundwater for drinking and irrigation by analyzing physicochemical parameters, spatial variability, and compliance with international and national standards. By integrating GPS and GIS technologies, we provide a systematic evaluation to inform sustainable water management strategies in the region.
Materials and Methods:
Study Location: Motipur Block, Muzaffarpur District
The study was conducted in Bihar, a state located in eastern India with an area of 94,163 km², positioned between West Bengal (east) and Uttar Pradesh (west), and bordered by Nepal to the north and Jharkhand to the south. The geographic coordinates of Bihar range from 24°20’10” to 27°31’15” N latitude and 83°19’50” E longitude, with an average elevation of 52.73 meters above mean sea level (Bihar at a Glance, Directorate of Economics and Statistics, Bihar, Patna-2016). The specific study area, Motipur block in Muzaffarpur district, covers 3122.56 km² and lies between 25°54’ to 26°23’ N latitude and 84°53’ to 85°45’ E longitude.
Meteorological Data
Meteorological data, particularly rainfall records for 2023–24, were obtained from established weather stations in Motipur block, showing monthly rainfall ranging from 0 to 454.2 mm, with the distribution pattern depicted in Figure 1.
Water Sampling and Analysis
Water sampling was conducted in 2023, with samples collected randomly across the study area, and precise geo-coordinates were recorded using a GPS device. The study area and sampling locations are illustrated in Figures 1 & 2. For water quality assessment, 30 groundwater samples were collected from tube wells across Motipur and Kanti blocks at predetermined GPS-marked locations to evaluate spatial variability. Each sample consisted of 1 liter of water, stored in two high-density plastic bottles, and transported to the laboratory for analysis. The water quality parameters were analyzed following standard prescribed methods, as detailed in the accompanying table
The following methods used for the assessment of water quality attribute

TABLE 1. Methods used for the assessment of water quality attribute
	SI. No.
	Parameters
	Method/Instrument
	Reference

	1.
	pH
	pH Meter
	Richards, 1954

	2.
	EC (µS/cm)
	Conductivity Meter
	Richards, 1954

	3.
	Total Dissolved Solid (mg/L)
	Conductivity Meter
	Saxena, 1994/APHA,1994

	4.
	Chloride (mg/L)
	Mohr’s Titration Method
	Jackson, 1973

	5.
	Carbonate (mg/L)
	Acidimetric Titration
	Richards, 1954

	6.
	Bicarbonate (mg/L)
	Acidimetric Titration
	Richards, 1954



	




	Map. 1  Map of the study area 



Results and Discussion:
The received groundwater used for the analysis of various parameters for drinking and irrigation purposes was collected from different depths of the hand pump and tube wells, covering thirty locations across the study area of Motipur block of Muzaffarpur, district of Bihar. 
The determined data of pH of the groundwater samples of the investigated sites is depicted in Table 1. The quality aspect in terms of pH associated with the Motipur block was noticed slightly alkaline in nature ranging from 7.50 to 8.34 with an average value of 7.95. The highest pH (8.34) was recorded in the analyzed sample of Baruraj village of Motipur located at 26.26125221 N latitude and 85.13605556 E longitude however, the lowest pH value (7.50) was obtained at Jathwalia village of Motipur block located at 26.22488889 N latitude and 85.03641667 E longitude respectively. The standard permissible limit of pH of drinking water ranges from 6.5 to 8.5 as a recommendation made by WHO & BIS (2011). In light of the standard, entire samples were found below the permissible level and found safe with regard to drinking and irrigation purposes as per WHO & FAO norms. The variability in pH is reflected by GPS and GIS-based maps of the study area which is denoted by various color notations that have been presented in map 1. 





Fig. 1 pH value in groundwater samples of different villages at Motipur block

[image: C:\Users\HP\Downloads\WhatsApp Image 2024-09-11 at 12.06.43.jpeg]The pH value of groundwater samples observed higher due to the presence of bicarbonates in the form of HCO3- indicating alkaline nature of the samples (Adams et al., 2001). The results of the present investigation are also in collaboration to the findings of Ranjan et al., (2023), Zafar and Kumari (2024). 
Table 1 presents the variable observations regarding salt concentration in  
                                                     Map 2. Spatial distribution of pH in groundwater in the     
                                                                 study area (Motipur block 

groundwater sample ranged from 547 to 1788 µS/cm with the mean value 750.4 µS/cm of Motipur block. The lowest electrical conductivity content was recorded (547 µS/cm) at Bariyarpur South village which located at 26.2727222 N latitude and 85.14463889E longitude and highest (1788 µS/cm) at Bansghat village located on 26.36288889 N latitude 

[image: C:\Users\HP\Desktop\Map Mahipal\EC-Motipur.jpg]Fig. 2 Electrical conductivity (EC) in groundwater samples of different villages at Motipur block
and 85.0605833 E longitude of Motipur block. It reveals that total water samples found more than 500 µS/cm as per BIS, the  EC across study area. As per BIS protocol for drinking water the EC value has a limit of 750 µS/cm which can be extended up to 3000 µS/cm in case of no alternate source. All the samples of Motipur and Kanti block were found within the BIS and WHO limit, hoever, as per the FAO irrigation water standard the EC 
                                                     Map 3. Spatial distribution of EC in groundwater in the     
                                                                 study area (Motipur block 

value less the 700 µS/cm in safe zone. The study showed only 50% water samples of motipur block found in this limit. The special distribution of EC map was generated using GPS and GIS techniques and it was showed with different colour variations in than map 3. EC is an important quality parameter which actually measures the capacity of water to conduct electricity that associated with the ions concentration present in the water if water contains more ions concentration in water indicating more EC (John & Das, 2020). Ranjan et al., (2013), Varol and Davraz (2015) and Pal et al., (2023) also showed the similar type of trend. The Total dissolved solids (TDS) content in groundwater used for drinking and irrigation of the Motipur block present in Table 1 ranged from 300 to 1150 mg/L, with the average value as 513 mg/L. 
Fig. 3 Total dissolved solids (TDS) in groundwater samples of different villages at Motipur block

[image: C:\Users\HP\Downloads\WhatsApp Image 2024-09-11 at 12.06.36.jpeg]The lowest value obtained at Ranpur beriyahi which is 300 mg/L located on 26.19055556 N latitude and 85.07113889 E longitude. Whereas, highest value recorded at Bansghat (1150 mg/L) village located at 26.36288889 N latitude and 85.06058333 E longitude of Motipur block, Muzaffarpur, district. The BIS standard for TDS is 500 mg/L. Total 30 water samples of Motipur block out of 19 samples (63.33%) found below the BIS standard (500 mg/L) and rest 11 water samples (36.33%) above BIS standard value. According to WHO desirable limit of TDS is 1000 mg/L. Whereas, 29 water samples of Motipur block come under the WHO standard limit and one sample found above the limit. The variable distribution of 

       Map 4. Spatial distribution of EC in groundwater in the     
                                                                 study area (Motipur block 

TDS showed in map, generated through GPS & GIS of different locations of study area has been depicted in the map 4. The amount of dissolved organic and inorganic elements in a given volume of water gives the TDS values and its high concentration in groundwater may be due to anthropogenic activities such as industrial discharge, application of chemical fertilizer, agricultural run-off, or natural activities as contributed by several minerals (Boyd 2000). Similar view of the groundwater TDS value was reported by Varol and Davraz (2015), Krishan et al., (2018), Kumar et al., (2022) and Pal et al., (2023). 
Chloride content evaluated in the collected groundwater samples represented in the table 2. According to obtained result in the study area of Motipur block, chloride content varies from 355 to 1136 mg/L with a mean value of 657.93 mg/L. 



Fig. 4 Chloride content in groundwater samples of different villages at Motipur block

The investigated result showed the lowest chloride content of Motipur block was recorded at Mahmada (355 mg/L) village situated at 26.33302778 N latitude and 85.08191667 E and the highest value 1136 mgL obtained at Barhmpur village which was located at 26.21827778 N latitude and 85.18897222 E longitude respectively. In the research, all 30 water samples of Motipur found above the WHO as well as BIS desirable limit (250 mg/L). The distribution of variability in chloride which is reflected by GPS and GIS based map for chloride which is denoted by different color of the study area has been presented in map 5.
[image: C:\Users\HP\Desktop\CL  motipur water.jpg]The origin of chloride may be attributed to the minerals as natural source and the use of inorganic fertilizers, landfill leachates septic tank effluents, animal feeds, industrial effluents, irrigation drainage as the anthropogenic sources (Kelly et al. 2012). Comparable finding were reported by Rawat and Singh (2018), Batarseh et al., (2021). The analysed samples showed results, there was no 
 .   
                    Map 5. Spatial distribution of Chlorine in groundwater in the     
                                                                 study area (Motipur block) 

carbonate content obtained in the study area.  The result showed in respect to bicarbonate content in the groundwater used for the drinking and irrigation purpose which collected from different locations presented in table 2.  The concentration ranging of Motipur block from 305.1 to 549.18 mg/L with an average value of 399.5 mg/L. Based on the result, the lowest (305.1 mg/L) bicarbonate concentration was recorded in Saraiya  village which is located at 26.2554477 N latitude and 85.1535207 E longitude. However, the Mahmada village (549.18 mg/L) has highest bicarbonate concentration on geo-coordinates 26.33302778 N latitude and 85.08191667 E longitudes. 
Fig. 5 Bicarbonate content in groundwater samples of different villages at Motipur block
Few of the samples (seven) were found below the WHO (350 mg/L) range and rest 23 water samples got above the WHO limit.[image: C:\Users\HP\Desktop\HCO3 motipur water.jpg] The elevated bicarbonate concentration in groundwater might be due to presence of carbonaceous minerals in the soil system. The origin of bicarbonate may be due to the decomposition of organic pollutants, results in production of carbon dioxide (CO2), that react with soil and to release bicarbonate into groundwater (Kumar & Singh 2015). GPS and GIS based map were generated on distribution of bicarbonate of the study area which is indicated by various color notations has been presented in map 5 & 6. 

                Map 6. Spatial distribution of bicarbonate in groundwater in the     
                                                                 study area (Motipur block) 

Similar finding is also made by Varol and Davraz (2015), Rawat and Singh (2018) and Mohammed et al., (2023). 
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Table 2. Data of ground water quality attributes (mg/L) in the study area (Motipur block) 
	SN.
No.
	Locations
	Geo-coordinates
	pH


	EC
(µS/cm)

	TDS
(mg/L)

	Cl-
(mg/L)

	CO3-2
(mg/L)

	HCO3-(mg/L)

	
	
	Latitude N
	Longitude E
	
	
	
	
	
	

	1.
	Baruraj 
	26.26125221
	85.13605556
	8.34
	556
	440
	461.5
	0
	378.32

	2.
	Ratampura
	26.26122222
	85.16294444
	8.2
	669
	440
	426
	0
	414.94

	3.
	Patti aswari
	26.18469444
	85.15766667
	8.1
	828
	490
	816.5
	0
	463.75

	4.
	Brahmpur
	26.21827778
	85.18897222
	8.06
	860
	540
	1136
	0
	427.14

	5.
	Bariyarpur
	26.29427778
	85.14025331
	7.85
	598
	360
	461.5
	0
	366.12

	6.
	Bariyarpur North
	26.22486111
	85.17597222
	7.93
	602
	380
	426
	0
	390.53

	7.
	Bariyarpur South
	26.27272222
	85.14463889
	7.98
	547
	310
	355
	0
	341.71

	8.
	Jahangirpur
	26.20886111
	85.15494444
	7.97
	604
	380
	426
	0
	402.73

	9.
	Mahmada
	26.33302778
	85.08191667
	8.04
	714
	340
	355
	0
	549.18

	10.
	Ebrahimpur
	26.26455556
	85.05466667
	7.99
	852
	460
	1029.5
	0
	414.94

	11.
	Mahmadpur Mahmada
	26.31533333
	85.74630556
	7.90
	563
	360
	390.5
	0
	341.71

	12.
	Bansghat
	26.36288889
	85.06058333
	7.70
	1788
	1150
	1065
	0
	512.57

	13.
	Parsouninth
	26.29438889
	85.05927778
	7.93
	769
	430
	923
	0
	414.94

	14.
	Harnahi
	26.19522222
	85.10561111
	7.88
	742
	380
	639
	0
	427.14

	15.
	Magurahan Tajpur
	26.27383333
	85.03180556
	7.86
	782
	420
	497
	0
	451.55

	16.
	Jathwalia
	26.22488889
	85.03641667
	7.50
	701
	490
	603.5
	0
	414.94

	17.
	Ranpur Beriyahi
	26.19055556
	85.07113889
	8.10
	575
	300
	674.5
	0
	353.92

	18.
	Pagahia
	26.15641667
	85.14386111
	7.66
	1293
	920
	639
	0
	390.53

	19.
	Thikaha
	26.20683333
	85.14227778
	7.68
	566
	490
	603.5
	0
	366.12

	20.
	Jasauli
	26.23486111
	85.11030556
	7.90
	1060
	730
	1065
	0
	463.75

	21.
	Singaila
	26.2516933
	85.1586133
	7.87
	739
	550
	461.5
	0
	402.73

	22.
	Singaila Shankar Tola
	26.24645916
	85.1613403
	7.93
	568
	420
	852
	0
	329.51

	23.
	Singaila
	26.2536931
	85.1545163
	8.05
	653
	525
	639
	0
	414.94

	24.
	Saraiya
	26.2554477
	85.1535207
	7.98
	784
	568
	532.5
	0
	305.10

	25.
	Baruraj Rd
	26.25904604
	85.1579922
	8.21
	589
	488
	497
	0
	439.34

	26.
	Mahamadpur Balmi
	26.2642096
	85.1586945
	7.98
	687
	612
	603.5
	0
	317.30

	27.
	Unnamad Rd
	26.261868
	85.1619976
	8.05
	798
	698
	710
	0
	378.32

	28.
	Mahaveer Asthan 
	26.2580892
	85.16221453
	8.12
	784
	684
	852
	0
	451.55

	29.
	Ratanpura
	26.2580731
	85.16271643
	7.84
	678
	586
	1065
	0
	341.71

	30.
	Niranjan Rd
	26.2578274
	85.16469053
	7.92
	562
	458
	532.5
	0
	317.30

	Mean value
	7.95
	750.37
	513.30
	657.93
	0
	399.48
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pH	Baruraj 	Ratampura	Patti aswari	Brahmpur	Bariyarpur	Bariyarpur North	Bariyarpur South	Jahangirpur	Mahmada	Ebrahimpur	Mahmadpur Mahmada	Bansghat	Parsouninth	Harnahi	Magurahan Tajpur	Jathwalia	Ranpur Beriyahi	Pagahia	Thikaha	Jasauli	Singaila	Singaila Shankar Tola	Singaila	Saraiya	Baruraj Rd	Mahamadpur Balmi	Unnamad Rd	Mahaveer Asthan 	Ratanpura	Niranjan Rd	8.34	8.2000000000000011	8.1	8.06	7.85	7.9300000000000024	7.98	7.9700000000000024	8.0400000000000009	7.99	7.9	7.7	7.9300000000000024	7.88	7.8599999999999985	7.5	8.1	7.6599999999999975	7.68	7.9	7.87	7.9300000000000024	8.0500000000000007	7.98	8.2100000000000009	7.98	8.0500000000000007	8.120000000000001	7.84	7.92	Sampling  sites

pH range 



Water samples of Motipur block
EC (µS/m)	Baruraj 	Ratampura	Patti aswari	Brahmpur	Bariyarpur	Bariyarpur North	Bariyarpur South	Jahangirpur	Mahmada	Ebrahimpur	Mahmadpur Mahmada	Bansghat	Parsouninth	Harnahi	Magurahan Tajpur	Jathwalia	Ranpur Beriyahi	Pagahia	Thikaha	Jasauli	Singaila	Singaila Shankar Tola	Singaila	Saraiya	Baruraj Rd	Mahamadpur Balmi	Unnamad Rd	Mahaveer Asthan 	Ratanpura	Niranjan Rd	556	669	828	860	598	602	547	604	714	852	563	1788	769	742	782	701	575	1293	566	1060	739	568	653	784	589	687	798	784	678	562	Sampling sites

EC (µS/cm)



Water samples of Motipur block
TDS (mg/L)	Baruraj 	Ratampura	Patti aswari	Brahmpur	Bariyarpur	Bariyarpur North	Bariyarpur South	Jahangirpur	Mahmada	Ebrahimpur	Mahmadpur Mahmada	Bansghat	Parsouninth	Harnahi	Magurahan Tajpur	Jathwalia	Ranpur Beriyahi	Pagahia	Thikaha	Jasauli	Singaila	Singaila Shankar Tola	Singaila	Saraiya	Baruraj Rd	Mahamadpur Balmi	Unnamad Rd	Mahaveer Asthan 	Ratanpura	Niranjan Rd	440	440	490	540	360	380	310	380	340	460	360	1150	430	380	420	490	300	920	490	730	550	420	525	568	488	612	698	684	586	458	Sampling sites

TDS (mg/L)



Water samples of Motipur block
Cl- (mg/L)	Baruraj 	Ratampura	Patti aswari	Brahmpur	Bariyarpur	Bariyarpur North	Bariyarpur South	Jahangirpur	Mahmada	Ebrahimpur	Mahmadpur Mahmada	Bansghat	Parsouninth	Harnahi	Magurahan Tajpur	Jathwalia	Ranpur Beriyahi	Pagahia	Thikaha	Jasauli	Singaila	Singaila Shankar Tola	Singaila	Saraiya	Baruraj Rd	Mahamadpur Balmi	Unnamad Rd	Mahaveer Asthan 	Ratanpura	Niranjan Rd	461.5	426	816.49999999999989	1136	461.5	426	355	426	355	1029.5	390.50000000000006	1065	923	639	497	603.49999999999989	674.49999999999989	639	603.49999999999989	1065	461.5	852	639	532.49999999999989	497	603.49999999999989	710	852	1065	532.49999999999989	Sampling sites

Cl- (mg/L)



Water samples of Motipur block
HCO3- (mg/L)	Baruraj 	Ratampura	Patti aswari	Brahmpur	Bariyarpur	Bariyarpur North	Bariyarpur South	Jahangirpur	Mahmada	Ebrahimpur	Mahmadpur Mahmada	Bansghat	Parsouninth	Harnahi	Magurahan Tajpur	Jathwalia	Ranpur Beriyahi	Pagahia	Thikaha	Jasauli	Singaila	Singaila Shankar Tola	Singaila	Saraiya	Baruraj Rd	Mahamadpur Balmi	Unnamad Rd	Mahaveer Asthan 	Ratanpura	Niranjan Rd	378.32400000000007	414.93599999999623	463.75200000000001	427.14000000000038	366.12000000000006	390.52799999999894	341.71199999999823	402.73199999999349	549.18000000000052	414.93599999999623	341.71199999999823	512.5680000000001	414.93599999999623	427.14000000000038	451.54800000000012	414.93599999999623	353.91599999999869	390.52799999999894	366.12000000000006	463.75200000000001	402.73199999999349	329.50800000000004	414.93599999999623	305.10000000000002	439.34400000000232	317.30400000000031	378.32400000000007	451.54800000000012	341.71199999999823	317.30400000000031	Sampling sites

HCO3- (mg/L)
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