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Abstract: Within the NAQUIM programme, a comparative study of the physicochemical properties of groundwater from the Korba
region of Chhattisgarh, India, was carried out at fifteen site-to-sample locations. Dug wells and hand pumps were used to sample
the water, and standard procedures were used to analyze the water for a number of major physicochemical parameters. The
groundwater chemistry has significant, complex, and pronounced spatial distribution and variability. The Tilkeja site has low to
very high mineralization, with void pH levels and electrical conductivity (i.e. 6.75-8.0; EC106 and 1758 µS/cm, respectively). A
major constituent of the water was found to be chloride ions (Cl⁻), in the 7-202 mg/L range. Other major ions contained variable
amounts of bicarbonate HCO₃⁻ (24-476 mg/L), total hardness (TH; 40-630 mg/L), calcium (Ca²⁺ 8-150 mg/L), magnesium (Mg²⁺
2.4-61.2 mg/L), and sulphate (SO₄²⁻ 0.1-93.7 mg/L), overall indicating the existence of relatively heterogeneous hydrochemical
conditions as a function of the particular weak dissolved rock. Mean concentration levels for the aforementioned identified major
ions/ constituents were found exceeding the water quality or health guidelines for Cl⁻, TH, Ca, Mg, Na, K, and HCO₃ were ( mg/L
36.27, 134.50, 34.27, 10.88, 29.70, 10.62, and 152.80), respectively. Calcium and magnesium were found in amounts in excess of
the recommended limits in 20% and 13%, respectively, leading to a classification of the groundwater as very hard. Overall, the
results reveal significant spatial heterogeneity and localized deterioration of groundwater quality in Korba district, emphasizing
the need for continuous monitoring and targeted management strategies.
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I. INTROPDUCTION

Being an essential source for drinking and farming, groundwater
quality is impacted by its chemical make-up, which is being
altered by a combination of factors, both environmental and
anthropogenic. Groundwater interacts with a plethora of
environmental factors geological composition and structure,
Weathering and erosion cycles, natural runoff and aquifer flow,
and precipitation. While factors of a human origin, such as,
urbanization, agriculture and industry, also contribute to the
varying qualities of the water. (CGWB, 2022). Chhattisgarh's
Korba District is an important agro industrial area; due to large-
scale coal mining and thermal power production, as well as
related industrial activities, it is dubbed the state's power capital.
The district is 7145.44 km² in area and has 792 villages, divided
into 5 administrative blocks: Korba, Kartala, Katghora, Pali and
Poudi-Uproda, with Korba city being the administrative
headquarters of the district (Korba District Administration, 2024).
Prior evaluations have shown that the area's groundwater shows
the factors of hardness including calcium, magnesium, and iron
which have reached concerning levels and have exceeded the
recommended standard values for drinking water (CGWB, 2023).

Spill of Industrial waste and mining have been recognized of
further damaging both groundwater and surface water and
increasing water temperature, and other physico-chemical
properties (Scroll, 2020). Consequently, the present study seeks to
assess groundwater quality in the district of Korba and the assess
of further determining its use for drinking and farming.

The Korba Plateau Region

The overview of Korba district geography is dominantly marked
by hills and valleys located within northern Chhattisgarh which
serves as the physiographic border of the Surguja the highlands
and the Central Chhattisgarh Plain. Consequently, there are lots of
hills, valleys and high land ranging from 300-350m as indicated
from the eastern extensions of the Maikal Hills, as shown in the
Central Ground Water Board (2022). Korba district is surrounded
by hills and is shown in figure 1 along with the Korba. Hills and
mountains have a plate and a pediment on each end. The Hasdeo
river and the mountains surrounding the river channel a cultivated
zone and enable the zone to have high levels of underground
water, the river and the mountains is a great construction of
geomorphology (Water Resources Department Chhattisgarh,
2022). The Korba and Katghora divisions of the forest provide a
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tropical region with a deciduous forest and helps the indigenous
forest communities.Groundwater occurrence and movement are
controlled by a heterogeneous geological framework comprising
Gondwana sandstones, shales, coal-bearing formations and
underlying crystalline rocks. Seasonal groundwater monitoring
reveals distinct pre- and post-monsoon water-level fluctuations
driven by monsoonal recharge and variable abstraction, while
mining-affected zones exhibit pronounced spatial variations in
both groundwater depth and quality, underscoring the necessity
for continuous hydrogeological assessment (Central Ground
WaterBoard,2022).

Figure 1. Topographic map of Korba district showing
elevation variations and drainage pattern.

Material and methods

Study Area

Korba, located in central Chhattisgarh (22°01′–23°01′ N; 82°07′–
83°07′ E), is widely recognized as the state’s power capital owing
to its abundant coal reserves, large-scale mining operations, and
the presence of several major thermal and hydroelectric power
plants. The district headquarters, Korba city, is situated near the
confluence of the Hasdeo and Ahiran rivers, which play an
important role in regional drainage and groundwater recharge.
The district covers an area of approximately 7,145 km² and
supports a population exceeding one million. As shown in Figure
2, Korba occupies a strategically important location within
Chhattisgarh and comprises diverse tehsil-level administrative
units, reflecting its varied physiographic and land-use
characteristics. The landscape includes alluvial plains, undulating
uplands, forested hill tracts, mixed deciduous forests, river valleys,
and extensive coal-bearing formations. Soil types vary from
fertile alluvial soils in riverine areas to red sandy and lateritic
soils in upland and forested regions. Numerous villages and
development blocks are located in close proximity to mining and
industrial zones, where acidic drainage, mineral-laden mine water,
coal ash disposal, and industrial effluents frequently influence
groundwater chemistry, leading to corrosion of pipelines and
metal infrastructure. In view of these environmental pressures,
Korba district was selected for detailed groundwater quality
assessment, and fifteen representative groundwater samples were
collected across the district for comprehensive contaminant

analysis (Table 1).

Figure 2. Geographical location and administrative
framework of Korba district, Chhattisgarh, India. The figure
illustrates the position of Korba district (c) within the state (b)
and national context (a).

Soil detail and range of Korba district

In Korba district, the complexity of the interrelation of the natural
and industrial pulls shaped by coal mining, power plants, and
agricultural land use are evident in Korba district soils. Soils in
Korba block have been analysed and are said to have a pH value
of around 6.3 and 6.6 meaning moderately acid to neutral. Soils
also have varying degrees of Electrical conductivity, organic
carbon, and a mix of the primary and secondary micronutrients
and thus Norman and the other villages have varying degrees of
soil Stereo C structure. These changes also mean for the physical
and chemicali properties influence the deficiency of the soil and
the needs of the soil. The soil fertility studies pH and strongly
acid reaction and the other parameters goes to show there is also
nutrient imbalance aggravated by mining.

Soils in the region in Katghora, Korba say to have study with an
acid reaction pH in the range of 4.3 and 5.4, also shown are low
to moderate macronutrients, and high Fe, Mn, and Cu
micronutrients, indicating that there are nutrient imbalances that
are also likely aggravated by mining. In the Hasdeo and Ahiran,
heavy metal presence is found with the vary characterizations of
geochemistry and for the mining activities, as for the Fe, Mn, Cu,
and the Pb. The uniqueness of the Korba soils in the agricultural
plains and the industrial zones as well as the rest of the districts
then has been documented and the poor and targeted soil
management has also been documented (Pandey, 2024; D. Sahu
et al., 2023; G. Sahu & Bajpai, 2024).

Study Collection

Water sampling in the Korba area was extended to the collection
of groundwater samples in order to best characterize the quality of
water in the area. One surface water sample was also obtained
from each selected groundwater location, collected in clean, pre-
rinsed polyethylene bottles during the sampling period of 09:00 to
11:00 h. To ensure that the samples reserved for the biochemistry
analysis were able to maintain the correct holding temperatures to
keep the sample from degrading, they were kept frozen and
rapidly brought to the laboratory for processing. In addition,
groundwater samples were also collected from 15 sites in the

http://www.oaijse.com


|| Volume 8 || Issue 09|| 2025 || ISO 3297:2007 Certified ISSN (Online) 2456-3293

WWW.OAIJSE.COM 83

Korba Town and the nearby villages. Electronic sampling was
done for each groundwater sample in a 1-L cleaned polyethylene
bottle according to the standard operational procedures, which
included the bottle being rinsed three times with the same
groundwater in order to collect the groundwater sample, after
which the bottle was tipped and filled to the top in order to
prevent any contact with air.

Table 1 : Groundwater Sampling Locations of Korba District
(CGWB, 2018)

Parameters and Analytical Methods

Along with dug wells and hand pumps, sampled groundwater was
tested for some of the physicochemical parameters pertinent to
the study. At the site of the testing, the parameters were joined-fin
pH from a calibrated digital pH meter and electrical conductivity
(EC, µS•cm⁻¹) from a portable conductivity meter. Water samples
collected in cleaned polyethylene bottles and kept in a cooler
were analyzed for the water's chemistry. For the water chemistry
analysis, the bicarbonate (HCO₃⁻, mgL⁻¹) alkalinity was
determined from acid titration, chlorides (Cl⁻, mgL⁻¹) from
argentometric titration, sulfates (SO₄²⁻, mg•L⁻¹) and fluoride (F⁻,
mgL⁻¹) from standard instrumental methods, and total hardness
(TH, mgL⁻¹ as CaCO₃) from EDTA titrimetry methods. Calcium
(Ca²⁺) and magnesium (Mg²⁺) were titrimetrically estimated,
while potassium (K⁺) and sodium (Na⁺) were analyzed from
standard flame photometric techniques. Silica (Si) and phosphate
(PO₄³⁻) were determined from colorimetric methods. All analyses
were implemented according to standard procedures for

groundwater quality assessment in order to safeguard analytical
accuracy and reproducibility.

Result and discussion

Physico Chemical Analysis of Ground water during NAQUIM
study in Korba block

From Table 2, groundwater exhibits high to moderate
mineralization and spatial heterogeneity across the study area.
Concentration ranges and means for the ground waters sampled
are chloride, 7–202 mg/L (36.27 mg/L); total hardness, 40–630
mg/L (134.50 mg/L); calcium, 8–150 mg/L (34.27 mg/L);
magnesium, 2.4–61.2 mg/L (10.88 mg/L); sodium, 2.9–79.5 mg/L
(29.70 mg/L); potassium, 0.8–37.5 mg/L (10.62 mg/L); and
alkalinity, 24–476 mg/L (152.80 mg/L). Standard deviations
indicate pronounced heterogeneity and are a result of overlying
extensive varying bedrock, water–rock interaction, and possible
localized anthropogenic activities. Total hardness is caused
primarily by calcium and magnesium, which increases to a point
where more water becomes unsuitable for domestic uses, with
13% of the samples high in calcium and 20% of the samples high
in magnesium. The sodium and potassium enrichment values at
some sites indicate prolonged water–rock interaction and
agricultural use. The garage of the system is of great hardness,
whereas in places, it has a great concentration of constituents of
particular drainage bicarbonates and is of poor quality.

Table 2 Physico-chemical characteristics of groundwater from
dug well (DW), hand pump (HP), and combined sources at
selected sampling locations (CGWB, 2018)

Figure 1 Comparative variation of Physico-chemical parameters

S.
No.

Location Latitude
(N)

Longitude (E)

1 Parsabhata 22.41° 82.74°

2 Gadkatora 22.61° 82.52°

3 Chhuhiya 22.56° 82.35°

4 Devpahari 22.43° 82.26°

5 Aretara 22.75° 82.49°

6 Godhi 22.25° 82.58°

7 Barbaspur 22.75° 82.52°

8 Koddal 22.27° 82.56°

9 Tilkeja 22.59° 82.35°

10 Raunadhab 22.25° 82.47°

11 Chakamar 22.78° 82.5°

12 Mudhunara 22.4° 82.5°

13 Korkoma 22.69° 82.54°

14 Bhulsidih 22.62° 82.69°

15 Kudmura 22.51° 82.4°
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in groundwater across sampling locations.

The comparative analysis of the graph suggests that there is a
general deterioration in the quality of groundwater at most of the
sampling sites. There are areas of significant negative departures
for a number of the physico-chemical parameters. Hand pump
(HP) sources tend to show greater electrical conductivity,
hardness, and concentration of ions than the DW/HP sources,
which suggest further mineralization and chemical stress. Sites
like Tilkeja and Koddal show extreme levels of EC, and total
hardness, calcium, and magnesium which indicate very hard
water. This is probably due to increased water/rock interactions
and possibly also due to human activities. The dominance of
bicarbonate which is especially the case for Tilkeja, Gadkatora
and Chhuhiya is an indicator of an alkaline imbalance and, with
the more localized increases in chloride and sulphate, suggests
human-induced contamination. The higher levels of sodium and
potassium at the HP sites also suggests a further lowering of the
overall potable and irrigation suitability of the water. The uneven,
more enriched concentration of silica and phosphate suggests
more chemical disequilibrium than a more uniform
hydrochemical environment. Although the groundwater of sites
like Godhi, Chakamar, Mudhunara, and Bhulsidih is of lower
concentration when compared with the others, overall the pattern
shows significant variation in the quality of the groundwater, and
more degraded than the others of the system. Tilkeja is also the
most severely impacted of those sampled and also shows HP
sources of far poorer quality.

II.CONCLUSION

This study presents a comprehensive assessment of groundwater
quality in Korba district, Chhattisgarh, under the NAQUIM
framework, highlighting the influence of geology, mining, and
anthropogenic activities on hydrochemical characteristics.
Analysis of fifteen groundwater samples from dug wells and hand
pumps revealed near-neutral to slightly alkaline pH and wide
spatial variation in electrical conductivity, indicating low to very
high mineralization. Major ions showed heterogeneous
distribution, with bicarbonate dominance and elevated
concentrations of hardness-causing calcium and magnesium at
several locations. Exceedance of recommended limits for Ca²⁺
and Mg²⁺ at a significant proportion of sites resulted in hard to
very hard groundwater, particularly in hand pump sources, which
consistently exhibited higher ionic loads than dug wells. Sites
such as Tilkeja and Koddal emerged as critically affected,
reflecting intensified rock–water interaction and possible inputs
from mining and industrial activities. Although some locations
displayed comparatively acceptable quality, the overall pattern
indicates localized deterioration and spatially heterogeneous
groundwater conditions across the district. These findings
underscore potential risks to domestic and agricultural water use
in an intensively industrialized landscape. Continuous
groundwater monitoring, source-specific management, regulation
of mining effluents, and community-level awareness are therefore
essential to protect groundwater resources and ensure their
sustainable utilization in Korba district, India.
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