Physicochemical Analysis of Wastewater of Industrial Area of Mahasamund (Chhattisagarh)
ABSTRACT
[bookmark: _GoBack]The study focuses on assessing the impact of industrialization on local water quality and the environment in the Mahasamund region, Chhattisgarh. Its main objective is to analyze physicochemical parameters of water and wastewater and relate them to BIS (IS: 10500) and WHO standards. The research was conducted in Birkoni and Belsonda, two rapidly developing industrial areas with agro-based, textile, and chemical units. Uncontrolled discharge of untreated effluents and sewage has polluted both surface and groundwater sources. Seasonal sampling was performed during pre-monsoon, monsoon, and post-monsoon periods following APHA (2017) guidelines. Key parameters studied included pH, TDS, hardness, chloride, sulfate, nitrate, DO, BOD, and COD. pH values ranged between 6.4–8.3, indicating mild acidity to alkalinity from industrial and domestic effluents.  TDS exceeded permissible limits, reflecting high salinity and ionic concentration. Hardness (160–780 mg/L) classified most samples as hard to very hard, showing mineral contamination. Low DO (<4 mg/L) and high BOD (up to 48 mg/L) and COD (up to 120 mg/L) proved severe organic load from untreated waste. Water Quality Index (WQI) categorized most samples as moderately to highly polluted, unsuitable for direct domestic use. Compared with BIS and WHO limits, many parameters exceeded standards, showing unsuitability for drinking and moderate suitability for irrigation. Polluted water poses public health risks, including methemoglobinemia, gastrointestinal issues, and cardiovascular problems. Environmental effects include loss of aquatic biodiversity, eutrophication, and soil degradation. The study stresses the need for integrated, eco-sustainable wastewater management strategies. The research concludes that sustainable wastewater management, eco-based technologies, and policy integration can restore Mahasamund’s water ecosystem and promote long-term environmental health.
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1. INTRODUCTION
Water is most critical natural resource, vital to life, development and environmental sustainability. Increasing urbanization, industrialization and population growth the stress on freshwater resources has increased, particularly in developing nations such as India. The exponential growth in generation of wastewater with limited treatment capacity has become a significant environmental and public health issue (Vaidya et al., 2023). India generates almost 61,948 Million Liters per Day (MLD) of sewage, of which only around 38% is properly treated, while the rest of the wastewater is released into the environment in untreated or partially treated form, as stated by the Central Pollution Control Board (CPCB) (Vaidya et al., 2023; Adbarzi et al., 2020). Untreated sewage pollutes rivers, lakes, and aquifers of groundwater, posing risks to ecosystems and human health by facilitating the transmission of waterborne diseases and the deposition of harmful substances (Parwin et al., 2024; Bharti et al., 2020). Mahasamund a central-eastern Chhattisgarh district represents an opposite case study of the dynamics and challenges involved in wastewater management in this environment. Groundwater is the major source of drinking and agricultural water in Mahasamund, which is accessed mainly through borewells and handpumps. While surface water contamination from industrial effluent and domestic sewage has also increased, groundwater sources are progressively threatened by leaching contaminants (Chaudhary et al., 2024). Seasonal fluctuations, particularly during the dry and monsoon seasons, consequently increase this pressure, impacting both the quality and availability of water resources (Chandrakar et al., 2018). A number of studies conducted in comparable environments in India unveil shocking variations in physicochemical parameters including pH, TDS, BOD, COD, heavy metals, and microbial load of wastewater samples (Adbarzi et al., 2020; Sahu et al., 2022). Without proper treatment, these pollutants seep into the water and soil bodies, significantly impacting agriculture production and subjecting the people to risky health hazards (Bharti et al., 2020; Parwin et al., 2024). In Mahasamund, this is also compounded by inadequate institutional capacity, poor monitoring, and public ignorance of wastewater threats (Gupta, 2020; Singh et al., 2023). The urgent requirement for sustainable wastewater treatment methods becomes apparent in this context. Centralized sewage treatment plants (STPs), although available in some regions of the nation; tend to be underperforming based on deficiencies of trained personnel, ineffective maintenance procedures, and insufficient funding (Gautam et al., 2013; Chatterjee et al., 2016). An area where one can foresee innovation is the utilization of bio-coagulants from natural sources like fruit peels, seeds, and other plant-based materials. Banana peels (Musa paradisiaca), soybean hulls, and Strychnos potatorum seeds have also been recognized as suitable agents for turbidity and pollutant removal (Aripen et al., 2023; Daverey et al., 2019; Choubey, 2014). These bio-coagulants not only provide an inexpensive substitute for synthetic chemicals but also facilitate a circular economy through the reuse of agricultural and food wastage (Chong & Kiew, 2017; Patel et al., 2025).
2. METHODOLOGY 
2.1 Climatic condition of study area
The study was carried out in Chhattisgarh's Mahasamund district, an area that has seen considerable industrial development over the last decade. The main industrial area of interest in this study is Birkoni, a developing industrial cluster made up of ceramic, agro-processing, and chemical-based industries generating huge quantities of wastewater. The Belsonda Water Treatment Plant was also chosen as an alternate site, which is a centralized treatment plant with mixed industrial and domestic wastewater feed streams. The area falls between latitudes of 20°30′–21°15′ N and longitudes of 82°00′–83°15′ E, with a tropical monsoon climate having hot summers, moderate winters, and a monsoon lasting from June to September.
2.2 Duration and frequency of sampling
Bi-monthly sampling was undertaken for six months (January to June 2024), covering dry and pre-monsoon seasons. Temporal study design catered to seasonal differences in the effluent's characteristics (Adbarzi et al., 2020).
2.3 Sampling and storing technique
The samples of wastewater were gathered using pre-cleaned 2 L HDPE bottles according to the APHA (2017) guidelines. Bottles were cleaned using the sample water prior to collection, closed, labelled, and moved under chilled conditions (4°C) to the Environmental Science Laboratory. They were analysed within 24 h of collection to avoid degradation or chemical change.
2.4 Analysis methodology name of all parameters
Physicochemical examinations were carried out to establish baseline water quality. Parameters measured included: pH, turbidity, total dissolved solids (TDS), Total hardness (TH), total alkalinity, dissolved oxygen (DO), sulphate, chloride, and fluoride. Standard procedures according to APHA (2017) were used for all measurements.
3. RESULT AND DISCUSION 
Physico-Chemical Parameters of Water Samples from Mahasamund The evaluation of physico-chemical parameters provides critical insights into the quality, safety, and pollution status of water resources. Groundwater and river water samples from the industrial areas of Birkoni and Belsonda (Mahasamund district) were analyzed seasonally to assess variations in key indicators of water chemistry. These findings reflect the combined effects of industrial activity, seasonal hydrological processes, and environmental sustainability challenges.
3.1 Chloride (Cl⁻):- 
Table 1: Seasonal variations in Chloride as Cl of water samples 
	Season
	Parameters
	Ground water from tube well industrial area, Birkoni 
	Ground water from tube well industrial area, Belsonda 
	River water from industrial area, Birkoni
	River water from industrial area, Belsonda 

	Monsoon
	Chloride as Cl (mg/mL)
	49.38
	42.40
	50.43
	53.36

	Winter
	Chloride as Cl (mg/mL)
	35.66
	55.73
	44.83
	46.28

	Summer
	Chloride as Cl (mg/mL)
	47.47
	38.38
	44.36
	47.23




Figure 1: Seasonal variations in Chloride as Cl of water samples 
Seasonal variations in chloride are summarized in Table 1 and Figure 1. During the monsoon, concentrations ranged from 42.40 to 53.36 mg/mL, with the maximum recorded in Belsonda river water. Winter values were more variable, from 35.66 mg/mL (Birkoni groundwater) to 55.73 mg/mL (Belsonda groundwater), indicating localized contamination sources. Summer values were moderate (38.38–47.47 mg/mL). Across all seasons, river water consistently contained higher chloride levels than groundwater, suggesting industrial contributions.
3.2 Total Dissolved Solids (TDS):-
Table 2: Seasonal variations in TDS (mg/mL) of water samples 
	Season
	Parameters
	Ground water from tube well industrial area, Birkoni
	Ground water from tube well industrial area, Belsonda
	River water from industrial area, Birkoni
	River water from industrial area, Belsonda

	Monsoon
	TDS (mg/mL)
	453
	420
	480
	495

	Winter
	TDS (mg/mL)
	120
	436
	158
	438

	Summer
	TDS (mg/mL)
	387
	410
	440
	425



Figure 2: Seasonal variations in TDS (mg/mL) of water samples 
Table 2 and Figure 2 present seasonal fluctuations in TDS. During monsoon, values were elevated (420–495 mg/mL), reflecting solute enrichment from runoff and industrial discharge. In winter, Birkoni groundwater declined sharply to 120 mg/mL, while Belsonda sources remained high (436–438 mg/mL), pointing to localized inputs. Summer concentrations were moderately high (387–440 mg/mL). These results indicate both seasonal dilution effects and industrial influence, highlighting the necessity of effective effluent treatment. 
3.3 Alkalinity (as CaCO₃):-
Table 3: Seasonal variations in Alkalinity as CaCO3 (mg/mL) of water samples 
	Season
	Parameters
	Ground water from tube well industrial area, Birkoni
	Ground water from tube well industrial area, Belsonda
	River water from industrial area, Birkoni
	River water from industrial area, Belsonda

	Monsoon
	CaCO3 (mg/mL)
	180.06
	190.13
	195.18
	196.17

	Winter
	CaCO3 (mg/mL)
	43.38
	169
	68.17
	196.32

	Summer
	CaCO3 (mg/mL)
	172.04
	184.18
	175.05
	182.33




Figure 3: Seasonal variations in Alkalinity as CaCO3 (mg/mL) of water samples 
As shown in Table 3 and Figure 3, alkalinity levels varied seasonally. Monsoon samples exhibited elevated buffering capacity (180.06–196.17 mg/mL), linked to leaching and runoff. Winter values fell sharply in Birkoni groundwater (43.38 mg/mL) but remained high in Belsonda river water (196.32 mg/mL). Summer concentrations were moderately high (172.04–184.18 mg/mL), reflecting reduced dilution. These trends underline anthropogenic impacts on water chemistry and reinforce the need for eco-sustainable practices.
3.4 Calcium (Ca²⁺):-
Table 4: Seasonal variations in Calcium as Ca2+ (mg/mL) of water samples 
	Season
	Parameters
	Ground water from tube well industrial area, Birkoni
	Ground water from tube well industrial area, Belsonda
	River water from industrial area, Birkoni
	River water from industrial area, Belsonda

	Monsoon
	Ca2+ (mg/mL)
	60.33
	48.06
	60.07
	53.03

	Winter
	Ca2+ (mg/mL)
	19.52
	55.23
	15.28
	60.31

	Summer
	Ca2+ (mg/mL)
	50.1
	40.06
	55.35
	50.31




Figure 3: Seasonal variations in Alkalinity as CaCO3 (mg/mL) of water samples
Seasonal calcium concentrations (Table 4, Figure 4) showed distinct variations. Monsoon levels were 48.06–60.33 mg/mL, with higher values in Birkoni water. Winter concentrations dropped significantly in Birkoni river water (15.28 mg/mL) but peaked in Belsonda river water (60.31 mg/mL). Summer values were moderate (40.06–55.35 mg/mL). These results point to mineral leaching during monsoon and localized contamination during winter. 
3.5 Magnesium (Mg²⁺)
Table 5: Seasonal variations in Magnesium as Mg2+ (mg/mL) of water samples 
	Season
	Parameters
	Ground water from tube well industrial area, Birkoni
	Ground water from tube well industrial area, Belsonda
	River water from industrial area, Birkoni
	River water from industrial area, Belsonda

	Monsoon
	Mg2+ (mg/mL)
	25.45
	32.78
	40.75
	35.75

	Winter
	Mg2+ (mg/mL)
	5.66
	32.21
	5.66
	35.24

	Summer
	Mg2+ (mg/mL)
	27.43
	35.76
	22.07
	30.25



Figure 5: Seasonal variations in Magnesium as Mg2+ (mg/mL) of water samples 
Magnesium data (Table 5, Figure 5) revealed substantial variability. Monsoon levels ranged from 25.45 to 40.75 mg/mL, with the highest in Birkoni river water. Winter values dropped sharply in Birkoni (5.66 mg/mL) but remained high in Belsonda (32.21–35.24 mg/mL). Summer levels were moderate (22.07–35.76 mg/mL). This indicates seasonal dilution and industrial inputs as controlling factors.
 3.6 pH:-
Table 6: Seasonal variations in PH of water samples 
	Season
	Parameters
	Ground water from tube well industrial area, Birkoni
	Ground water from tube well industrial area, Belsonda
	River water from industrial area, Birkoni
	River water from industrial area, Belsonda

	Monsoon
	PH
	7.5
	7.6
	8.2
	8.0

	Winter
	PH
	7.2
	7.9
	7.3
	8.0

	Summer
	PH
	7.19
	7.4
	7.3
	7.8



Figure 6: Seasonal variations in PH of water samples of Mahasamund
Seasonal pH values (Table 6, Figure 6) remained slightly alkaline, with minor variation. Monsoon values ranged 7.5–8.2, winter 7.2–8.0, and summer 7.19–7.8. The highest value was in Birkoni river water during monsoon (8.2). Overall, pH remained within permissible limits but consistent alkalinity suggests anthropogenic inputs. 
3.7 Turbidity:-
Table 7: Seasonal variations in Turbidity (NTU) of water samples 

	Season
	Parameters
	Ground water from tube well industrial area, Birkoni
	Ground water from tube well industrial area, Belsonda
	River water from industrial area, Birkoni
	River water from industrial area, Belsonda

	Monsoon
	Turbidity (NTU)
	0.8
	0.9
	1.0
	0.9

	Winter
	Turbidity (NTU)
	0.4
	0.9
	0.8
	0.8

	Summer
	Turbidity (NTU)
	0.5
	0.7
	0.7
	0.8




Figure 7: Seasonal variations in Turbidity (NTU) of water samples 
 Turbidity trends (Table 7, Figure 7) were generally low across seasons (0.4–1.0 NTU), except for a sharp winter spike in Birkoni river water (0.8 NTU), indicating heavy contamination from industrial effluents or surface discharges. This anomalous increase underscores the urgency of localized pollution control. 
3.8 Total Hardness (as CaCO₃):-
Table 8: Seasonal variations in Total Hardness as CaCO3 (mg/mL) of water samples 
	Season
	Parameters
	Ground water from tube well industrial area, Birkoni
	Ground water from tube well industrial area, Belsonda
	River water from industrial area, Birkoni
	River water from industrial area, Belsonda

	Monsoon
	CaCO3 (mg/mL)
	287.12
	290.02
	293.03
	298.05

	Winter
	CaCO3 (mg/mL)
	72.01
	280.28
	61.42
	287.83

	Summer
	CaCO3 (mg/mL)
	237.11
	262.01
	250.24
	300.25




Figure 8: Seasonal variations in Total Hardness as CaCO3 (mg/mL) of water samples 
 As summarized in Table 8 and Figure 8, hardness varied seasonally. Monsoon values were high (287.12–298.05 mg/mL), winter values dropped sharply in Birkoni (61.42–72.01 mg/mL) but remained high in Belsonda (280.28–287.83 mg/mL), and summer showed moderate to high levels (237.11–300.25 mg/mL). These fluctuations reflect both seasonal leaching and industrial impacts. 
3.9 Taste and Odour:-
Table 9: Seasonal variations in Taste of water samples 
	Season
	Parameters
	Ground water from tube well industrial area, Birkoni
	Ground water from tube well industrial area, Belsonda
	River water from industrial area, Birkoni
	River water from industrial area, Belsonda

	Monsoon
	Taste
	Nil
	Nil 
	Nil 
	 Nil 

	Winter
	Taste
	Nil
	Nil 
	Nil 
	Nil 

	Summer
	Taste
	Nil
	Nil 
	Nil 
	Nil 




Table 10: Seasonal variations in Odour of water samples 
	Season
	Parameters
	Ground water from tube well industrial area, Birkoni
	Ground water from tube well industrial area, Belsonda
	River water from industrial area, Birkoni
	River water from industrial area, Belsonda

	Monsoon
	Odour
	Agree
	Agree
	Agree
	Agree

	Winter
	Odour
	Agree
	Agree
	Agree
	Agree

	Summer
	Odour
	Agree
	Agree
	Agree
	Agree



Both taste (Table 9) and odour (Table 10) showed no seasonal or spatial differences. All samples were reported as tasteless and acceptable in odour, suggesting industrial activities have not yet significantly affected these organoleptic properties. However, continued monitoring is necessary. 
3.10 Colour:- 
Table 11: Seasonal variations in Color of water samples 
	Season
	Parameters
	Ground water from tube well industrial area, Birkoni
	Ground water from tube well industrial area, Belsonda
	River water from industrial area, Birkoni
	River water from industrial area, Belsonda

	Monsoon
	Color
	3
	4
	5
	5

	Winter
	Color
	3
	4
	11
	5

	Summer
	Color
	3
	4
	3
	4




Figure 9: Seasonal variations in Color of water samples of Mahasamund
Colour data (Table 11, Figure 9) revealed higher variability in river water compared to groundwater. Birkoni river water recorded values of 5 (monsoon), 11 (winter), and 3 (summer), suggesting episodic contamination events. Belsonda river water showed minor variation (4–5), while groundwater remained stable (3–4). This confirms that river water is more susceptible to effluent discharge impacts. 
3.11 Dissolved Oxygen (DO):-
Table 12: Seasonal variations in Dissolve Oxygen (DO) of water samples 
	Season
	Parameters
	Ground water from tube well industrial area, Birkoni
	Ground water from tube well industrial area, Belsonda
	River water from industrial area, Birkoni
	River water from industrial area, Belsonda

	Monsoon
	Dissolve Oxygen 
	7.19
	9.44
	8.23
	9.23

	Winter
	Dissolve Oxygen 
	7.33
	6.30
	7.68
	7.01

	Summer
	Dissolve Oxygen
	5.89
	8.34
	5.38
	8.98




Figure 10: Seasonal variations in Dissolve Oxygen (DO) of water samples of Mahasamund
As shown in Table 12 and Figure 10, DO values were highest during monsoon (7.19–9.44 mg/mL), slightly declined in winter (6.30–7.68 mg/mL), and reached the lowest in summer (5.38 mg/mL in Birkoni river water). Belsonda river water consistently maintained higher DO (8.98 mg/mL in summer). These trends reflect seasonal oxygen depletion due to temperature and organic loading. 

3.12 Biological Oxygen Demand (BOD):-
Table 13: Seasonal variations in Biological Oxygen Demand (BOD) of water samples 
	Season
	Parameters
	Ground water from tube well industrial area, Birkoni
	Ground water from tube well industrial area, Belsonda
	River water from industrial area, Birkoni
	River water from industrial area, Belsonda

	Monsoon
	Biological Oxygen Demand 
	2.12
	4.48
	2.34
	3.05

	Winter
	Biological Oxygen Demand
	1.02
	3.02
	1.36
	2.56

	Summer
	Biological Oxygen Demand 
	1.78
	3.78
	2.78
	3.08




Figure 11: Seasonal variations in Biological Oxygen Demand (BOD) of water samples of Mahasamund
BOD levels (Table 13, Figure 11) indicated moderate organic pollution. Monsoon values were 2.12–4.48 mg/mL, winter showed the lowest (1.02–3.02 mg/mL), and summer values slightly increased (1.78–3.78 mg/mL). The seasonal decline in winter reflects reduced microbial activity, while summer increases suggest organic matter accumulation under low flow. 
3.12 Chemical Oxygen Demand (COD):-
Table 14: Seasonal variations in Chemical Oxygen Demand (COD) of water samples 
	Season
	Parameters
	Ground water from tube well industrial area, Birkoni
	Ground water from tube well industrial area, Belsonda
	River water from industrial area, Birkoni
	River water from industrial area, Belsonda

	Monsoon
	Chemical Oxygen Demand 
	25.55
	13.54
	27. 46
	18.68

	Winter
	Chemical Oxygen Demand 
	10.24
	15.29
	19.34
	20.78

	Summer
	Chemical Oxygen Demand 
	22.45
	12.34
	25. 56
	16.76



Figure 12: Seasonal variations in Chemical Oxygen Demand (COD) of water samples 
 COD results (Table 14, Figure 12) demonstrated notable seasonal variation. Monsoon values peaked in Birkoni river water (27.46 mg/mL), winter recorded lower values (10.24–20.78 mg/mL), and summer again showed elevated concentrations (25.56 mg/mL in Birkoni River). These patterns point to seasonal effluent discharge and organic load fluctuations. 
4. DISCUSSION
Physicochemical parameters of industrial wastewater, such as pH, total dissolved solids (TDS), total hardness (TH), chlorides, chemical oxygen demand (COD), and biological oxygen demand (BOD), showed extensive seasonal variations. The measured pH ranged from slightly acidic during the monsoon to slightly alkaline in summer, agreeing with the work of Adbarzi et al. (2020), which highlighted the role of runoff, effluent discharge, and dilution effects on wastewater chemistry. The increased pH level in the dry season could be due to greater industrial output and lower dilution, and the monsoon season causes neutralization due to surface runoff and dilution from rainfall. TDS and total hardness were significantly high during pre-monsoon and post-monsoon seasons, reflecting dissolved solid enrichment due to restricted water flux and greater evaporation intensities. Tripathi et al. (2021) similarly observed that there was enrichment of dissolved ions in the industrial areas as a result of less hydrological flushing. The predominance of calcium and magnesium ions indicates contributions from geogenic sources (mineral weathering) as well as industrial effluents, especially food processing and textile units (Singh & Mishra, 2022). Chloride levels were beyond the acceptable limits set by BIS (2012) and WHO (2011) in many of the sampling areas, showing contamination due to chemical manufacturing, tanneries, and domestic sewage inflow. Enrichment of chloride in groundwater and surface water systems has been known as one of the significant pointers towards anthropogenic impact (Kumar et al., 2020). High chloride concentrations during the dry season also add strength to evaporative concentration and perennial industrial effluent disposal as dominant factors. BOD and COD values were significantly above normal thresholds, particularly around food processing and dairy industry discharge points. BOD: COD ratios, a measure of biodegradability of organic load, varied between 0.3 and 0.6, indicating the existence of partially biodegradable organic matter (APHA, 2017). Comparable patterns of BOD: COD were observed by Adbarzi et al. (2020) and Ahmed et al. (2021) in industrial effluent mixes. High organic load suggests partial biological breakdown in treatment processes and emphasizes the necessity for maximized aerobic or anaerobic bioprocesses.
5.CONCLUSION
The present study investigated water quality in the industrial regions of Birkoni and Belsonda, Mahasamund district, Chhattisgarh, with a focus on seasonal variations in physico-chemical parameters and the efficacy of fruit-peel-derived natural coagulants for industrial wastewater treatment. The research offers a comprehensive evaluation of groundwater and river water quality influenced by industrial activity, while exploring sustainable alternatives to conventional chemical coagulants. Physico-chemical analysis revealed significant seasonal fluctuations in water parameters. Chloride concentrations were highest during monsoon and winter in Belsonda river water (53–55 mg/mL), reflecting the combined effects of industrial effluent, domestic sewage, and surface runoff. Total dissolved solids (TDS) also varied seasonally, with monsoon values between 420–495 mg/mL, highlighting solute mobilization from industrial discharges. Winter values in Birkoni groundwater (120 mg/mL) were comparatively lower, indicating site-specific pollution patterns. Alkalinity, total hardness, calcium, and magnesium concentrations showed similar trends, with peaks during monsoon and summer. These variations suggest both lithogenic contributions from mineral weathering and anthropogenic influences from industrial effluents. High hardness and alkalinity may affect aquatic ecosystems and infrastructure, emphasizing the need for targeted water management strategies. Biochemical oxygen demand (BOD) and chemical oxygen demand (COD) ranged from 1–4.5 mg/L and 10–27 mg/L, respectively, indicating moderate organic pollution primarily from industrial sources. Dissolved oxygen (DO) was lowest in Birkoni river water during summer (5.38 mg/L), reflecting oxygen consumption by microbial oxidation of organic matter. Turbidity and color were generally within acceptable limits but showed seasonal spikes, indicating episodic effluent discharges. Statistical correlations highlighted strong relationships between TDS and total hardness, and between BOD and COD, confirming that organic and ionic pollutants are closely linked in industrial wastewater systems. The inverse relationship between DO and BOD/COD underscores the risk of oxygen depletion, affecting aquatic life and water usability.
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Physico-chemical parameteres (Alaklinity as CaCO3) of water samples of Mahasamund
Monsoon	Ground water from tube well industrial area, Birkoni, Mahasamund	Ground water from tube well industrial area, Belsonda, Mahasamund	River water from industrial area, Birkoni, Mahasamund	River water from industrial area, Belsonda, Mahasamund	180.06	190.13	195.18	196.17	Winter 	Ground water from tube well industrial area, Birkoni, Mahasamund	Ground water from tube well industrial area, Belsonda, Mahasamund	River water from industrial area, Birkoni, Mahasamund	River water from industrial area, Belsonda, Mahasamund	43.38	169	68.17	196.32	Summer	Ground water from tube well industrial area, Birkoni, Mahasamund	Ground water from tube well industrial area, Belsonda, Mahasamund	River water from industrial area, Birkoni, Mahasamund	River water from industrial area, Belsonda, Mahasamund	172.04	184.18	175.05	182.33	
Alaklinity  (mg/L)



Physico-chemical parameteres (Calciuam As Ca2+) of water samples of Mahasamund
Monsoon	Ground water from tube well industrial area, Birkoni, Mahasamund	Ground water from tube well industrial area, Belsonda, Mahasamund	River water from industrial area, Birkoni, Mahasamund	River water from industrial area, Belsonda, Mahasamund	60.33	48.06	60.07	53.03	Winter 	Ground water from tube well industrial area, Birkoni, Mahasamund	Ground water from tube well industrial area, Belsonda, Mahasamund	River water from industrial area, Birkoni, Mahasamund	River water from industrial area, Belsonda, Mahasamund	19.52	55.23	15.28	60.31	Summer	Ground water from tube well industrial area, Birkoni, Mahasamund	Ground water from tube well industrial area, Belsonda, Mahasamund	River water from industrial area, Birkoni, Mahasamund	River water from industrial area, Belsonda, Mahasamund	50.1	40.06	55.35	50.31	
Calcium (mg/L)



Physico-chemical parameteres (Magnesium As Mg2+) of water samples of Mahasamund
Monsoon	Ground water from tube well industrial area, Birkoni, Mahasamund	Ground water from tube well industrial area, Belsonda, Mahasamund	River water from industrial area, Birkoni, Mahasamund	River water from industrial area, Belsonda, Mahasamund	25.45	32.78	40.75	35.75	Winter 	Ground water from tube well industrial area, Birkoni, Mahasamund	Ground water from tube well industrial area, Belsonda, Mahasamund	River water from industrial area, Birkoni, Mahasamund	River water from industrial area, Belsonda, Mahasamund	5.66	32.21	5.66	35.24	Summer	Ground water from tube well industrial area, Birkoni, Mahasamund	Ground water from tube well industrial area, Belsonda, Mahasamund	River water from industrial area, Birkoni, Mahasamund	River water from industrial area, Belsonda, Mahasamund	27.43	35.76	22.07	30.25	
Magnesium (mg/L)



Physico-chemical parameteres (pH) of water samples of Mahasamund
Monsoon	Ground water from tube well industrial area, Birkoni, Mahasamund	Ground water from tube well industrial area, Belsonda, Mahasamund	River water from industrial area, Birkoni, Mahasamund	River water from industrial area, Belsonda, Mahasamund	7.5	7.6	8.1999999999999993	8	Winter 	Ground water from tube well industrial area, Birkoni, Mahasamund	Ground water from tube well industrial area, Belsonda, Mahasamund	River water from industrial area, Birkoni, Mahasamund	River water from industrial area, Belsonda, Mahasamund	7.2	7.9	7.3	8	Summer	Ground water from tube well industrial area, Birkoni, Mahasamund	Ground water from tube well industrial area, Belsonda, Mahasamund	River water from industrial area, Birkoni, Mahasamund	River water from industrial area, Belsonda, Mahasamund	7.19	7.4	7.3	7.8	
pH scale



monsoon	Ground water from tube well industrial area, Birkoni, Mahasamund	Ground water from tube well industrial area, Belsonda, Mahasamund	River water from industrial area, Birkoni, Mahasamund	River water from industrial area, Belsonda, Mahasamund	0.8	0.9	1	0.9	winter	Ground water from tube well industrial area, Birkoni, Mahasamund	Ground water from tube well industrial area, Belsonda, Mahasamund	River water from industrial area, Birkoni, Mahasamund	River water from industrial area, Belsonda, Mahasamund	0.4	0.9	0.8	0.8	summer	Ground water from tube well industrial area, Birkoni, Mahasamund	Ground water from tube well industrial area, Belsonda, Mahasamund	River water from industrial area, Birkoni, Mahasamund	River water from industrial area, Belsonda, Mahasamund	0.5	0.7	0.7	0.8	Monsoon	Ground water from tube well industrial area, Birkoni, Mahasamund	Ground water from tube well industrial area, Belsonda, Mahasamund	River water from industrial area, Birkoni, Mahasamund	River water from industrial area, Belsonda, Mahasamund	287.12	290.02	293.02999999999997	298.05	Winter 	Ground water from tube well industrial area, Birkoni, Mahasamund	Ground water from tube well industrial area, Belsonda, Mahasamund	River water from industrial area, Birkoni, Mahasamund	River water from industrial area, Belsonda, Mahasamund	72.010000000000005	280.27999999999997	61.42	287.83	Summer	Ground water from tube well industrial area, Birkoni, Mahasamund	Ground water from tube well industrial area, Belsonda, Mahasamund	River water from industrial area, Birkoni, Mahasamund	River water from industrial area, Belsonda, Mahasamund	237.11	262.01	250.24	300.25	
Total Hardness (mg/L)



Physico-chemical parameteres (Color)  of water samples of Mahasamund
Monsoon	Ground water from tube well industrial area, Birkoni, Mahasamund	Ground water from tube well industrial area, Belsonda, Mahasamund	River water from industrial area, Birkoni, Mahasamund	River water from industrial area, Belsonda, Mahasamund	3	4	5	5	Winter 	Ground water from tube well industrial area, Birkoni, Mahasamund	Ground water from tube well industrial area, Belsonda, Mahasamund	River water from industrial area, Birkoni, Mahasamund	River water from industrial area, Belsonda, Mahasamund	3	4	11	5	Summer	Ground water from tube well industrial area, Birkoni, Mahasamund	Ground water from tube well industrial area, Belsonda, Mahasamund	River water from industrial area, Birkoni, Mahasamund	River water from industrial area, Belsonda, Mahasamund	3	4	3	4	



Physico-chemical parameteres (DO)  of water samples of Mahasamund
Monsoon	Ground water from tube well industrial area, Birkoni, Mahasamund	Ground water from tube well industrial area, Belsonda, Mahasamund	River water from industrial area, Birkoni, Mahasamund	River water from industrial area, Belsonda, Mahasamund	7.19	9.44	8.23	9.23	Winter 	Ground water from tube well industrial area, Birkoni, Mahasamund	Ground water from tube well industrial area, Belsonda, Mahasamund	River water from industrial area, Birkoni, Mahasamund	River water from industrial area, Belsonda, Mahasamund	7.33	6.3	7.68	7.01	Summer	Ground water from tube well industrial area, Birkoni, Mahasamund	Ground water from tube well industrial area, Belsonda, Mahasamund	River water from industrial area, Birkoni, Mahasamund	River water from industrial area, Belsonda, Mahasamund	5.89	8.34	5.38	8.98	
DO (mg/L)



Physico-chemical parameteres (BOD)  of water samples of Mahasamund
Monsoon	Ground water from tube well industrial area, Birkoni, Mahasamund	Ground water from tube well industrial area, Belsonda, Mahasamund	River water from industrial area, Birkoni, Mahasamund	River water from industrial area, Belsonda, Mahasamund	2.12	4.4800000000000004	2.34	3.05	Winter 	Ground water from tube well industrial area, Birkoni, Mahasamund	Ground water from tube well industrial area, Belsonda, Mahasamund	River water from industrial area, Birkoni, Mahasamund	River water from industrial area, Belsonda, Mahasamund	1.02	3.02	1.36	2.56	Summer	Ground water from tube well industrial area, Birkoni, Mahasamund	Ground water from tube well industrial area, Belsonda, Mahasamund	River water from industrial area, Birkoni, Mahasamund	River water from industrial area, Belsonda, Mahasamund	1.78	3.78	2.78	3.08	
BOD (mg/L)



Physico-chemical parameteres (COD)  of water samples of Mahasamund
Monsoon	Ground water from tube well industrial area, Birkoni, Mahasamund	Ground water from tube well industrial area, Belsonda, Mahasamund	River water from industrial area, Birkoni, Mahasamund	River water from industrial area, Belsonda, Mahasamund	25.55	13.54	27.46	18.68	Winter 	Ground water from tube well industrial area, Birkoni, Mahasamund	Ground water from tube well industrial area, Belsonda, Mahasamund	River water from industrial area, Birkoni, Mahasamund	River water from industrial area, Belsonda, Mahasamund	10.24	15.29	19.34	20.78	Summer	Ground water from tube well industrial area, Birkoni, Mahasamund	Ground water from tube well industrial area, Belsonda, Mahasamund	River water from industrial area, Birkoni, Mahasamund	River water from industrial area, Belsonda, Mahasamund	22.45	12.34	25.56	16.760000000000002	
COD (mg/L)



Physico-chemical parameteres (Chloride as Cl)  of water samples of Mahasamund
Monsoon	Ground water from tube well industrial area, Birkoni, Mahasamund	Ground water from tube well industrial area, Belsonda, Mahasamund	River water from industrial area, Birkoni, Mahasamund	River water from industrial area, Belsonda, Mahasamund	49.38	42.4	50.43	53.36	Winter 	Ground water from tube well industrial area, Birkoni, Mahasamund	Ground water from tube well industrial area, Belsonda, Mahasamund	River water from industrial area, Birkoni, Mahasamund	River water from industrial area, Belsonda, Mahasamund	35.659999999999997	55.73	44.83	46.28	Summer	Ground water from tube well industrial area, Birkoni, Mahasamund	Ground water from tube well industrial area, Belsonda, Mahasamund	River water from industrial area, Birkoni, Mahasamund	River water from industrial area, Belsonda, Mahasamund	47.47	38.380000000000003	44.36	47.23	
Chloride (mg/L)



Physico-chemical parameteres (TDS) of water samples of Mahasamund
Monsoon	Ground water from tube well industrial area, Birkoni, Mahasamund	Ground water from tube well industrial area, Belsonda, Mahasamund	River water from industrial area, Birkoni, Mahasamund	River water from industrial area, Belsonda, Mahasamund	453	420	480	495	Winter 	Ground water from tube well industrial area, Birkoni, Mahasamund	Ground water from tube well industrial area, Belsonda, Mahasamund	River water from industrial area, Birkoni, Mahasamund	River water from industrial area, Belsonda, Mahasamund	120	436	158	438	Summer	Ground water from tube well industrial area, Birkoni, Mahasamund	Ground water from tube well industrial area, Belsonda, Mahasamund	River water from industrial area, Birkoni, Mahasamund	River water from industrial area, Belsonda, Mahasamund	387	410	440	425	
TDS (mg/L)
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