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Abstract— Korba city is situated on the banks of the
confluence of rivers Hasdeo and Ahiran. Korba is the power
capital of Chhattisgarh. Ground water is the main sources of
drinking water in the district. To know the suitability of
water for domestic use, water samples were collected from
62 different locations. These collected water samples were
analysed for the physicochemical parameters (Temperature,
pH, Conductivity), major ions (Ca, Mg, Na, K, CO3, HCO3,
Cl, SO4, F) Total Hardness (TH) and Total Alkalinity (TA)
and heavy metals (Fe, Mn, Pb, Cu, Zn, Cr). To see the
suitability of water quality for drinking purpose the obtained
values are being compared with BIS (10500: 2012) drinking
water standards. The hydro chemical analysis results reveals
that the ground water is mild alkaline in nature and of low
conductivity value. The concentration of all major ions
calcium, magnesium, sodium, potassium, carbonate,
bicarbonate, chloride and sulphate are generally found
within the limit set by BIS and ground water of shallow
aquifer is moderately hard in nature. The occurrence of high
nitrate, fluoride —and heavy ~metals in some of the
groundwater samples has also been observed. The changes
with time the water quality results were compared with the
previous studies and this temporal variation around the
industrial city, Korba, has been described in the present
paper.

Keywords: Groundwater, Physicochemical
Heavy Metals, Temporal Variation

Parameters,

. INTRODUCTION

Korba City is industrial hub of Chhattisgarh state of India.
Coal mining, Thermal Power Plants and Vedanta Balco
aluminium plant are the major industries in this area. The
thermal power plants are burning tonnes of coal to generate
power. In this process industries are produce huge amount
of fly ash. Disposal fly ash is a biggest problem in the area.
Power Plants made slurry of fly ash by mixing with water.
After processing and treatment wet slurry is conveyed
through the pipes and let out in to the ponds, lagoons at ash
dam dyke sites and as such these dykes site occupying an
area of approximately 10 sgkms and situated few km away
from plant premises. The final liquid effluent are being
discharged from these ash ponds into the surface water
drains at various point and affect the quality of water. Those
drainages are moving across the city toward topographical
natural slop into the Hasdeo River. Several open cast and
underground coalmines surround the Korba city. They are
doing mining below the ground level and withdrawal ground
water through tube well and let it out in surface. The excess
withdrawal depletes the ground water quantity and coal
mine water has several quality problems1.

Coal, a fossil fuel is the largest source of energy for the
generation of electricity worldwide, as well as one of the
largest worldwide anthropogenic sources of greenhouse
gases, acids, metals, organic compounds, etc2. The ash
content of coal is >30% and found to be contaminated with

toxic inorganic and organic compounds 3. Changes in
groundwater quality are due to variation in climatic
conditions, residence time of water with aquifer materials
and inputs from soil during percolation of water 1. Many
hydro geochemical processes have been highlighted in the
control of the chemical composition of groundwater, like
carbonates & silicates weathering and ion exchange4.
Several land and water-based human activities are causing
pollution of this precious resource5. The ground water as
well as surface water is seriously deteriorated due to rapid
industrialization.

Il. STUDY AREA

Korba city is known as power generation centre of the
Chhattisgarh state in India. It is situated in South-Central
part of Korba district and North Eastern part of Chhattisgarh
State. The study area covers about 280 sg. km. and comes
under the Survey of India’s topo Sheet Nos. 64J/11 and
64J/15 (1:50000 Scale) between latitudes 220 20’ to 220
25°N and longitudes 840 40’ to 820 45’E. The study area
comes under the korba city and it is head quarter of the
Korba district. It is bounded by Pali block in the west,
Katghora in the north-west and Kartala block in the east.
The study area has a very well developed road network of
metalled and state highways. Champa-Korba line of the
South Eastern Railway connects the district headquarter
Korba to the main line in the southern part.The population
of Korba city is about 1.0 million. The number of thermal
power plants and industries are situated in and around Korba
city area.

I1l. CLIMATE, SOILS AND CROPS

The climate of Korba city is sub-tropical and the South East
monsoon is the main source of rains. The average annual
rain fall is approximately 1200 mm. The soils of the study
area are mostly of loamy and sandy type. Kharif is the main
cropping season and Paddy is the main crop followed by
wheat, maize and jawar. The pulses, oil seeds, fruits,
vegetables, reshe, mirch masala and sugarcane etc. are also
grown in the area.

1V. DRAINAGE AND GEOMORPHOLOGY

The area is mainly drained by Hasdeo river and its
tributaries. The Hasdeo River flows from North to South in
the centre of the city. The Belgirinala and Dengunala both
are important water bodies of city, flowing through
Nehrunagar, Parshabhata, Belgiribasti, Rungara,
Bhadrapara, Lalghat, Chhatghat and Kohadiya from East to
West and all these joining to the main river at confluence
point of North and North East of Korba city (Figure 1). The
drainage exhibits dendritic to sub-dendritic pattern in the
area with more or less same drainage density.
Geomorphologically the area display Structural Plains,
Pediment/Pediplain and Denudational Hills. Overall the
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topography in the area varies between 300 m to 1021 m
amsl.

V. GEOLOGY AND HYDROGEOLOGY

Geologically the investigated area is underlain by formation
ranging in age from Archean to Proterozoic age. Barakar
sandstone which is lateritic seal at places and occupying the
major portion of the area, however in the north western
portion of area around Jaminipali, Somanipali, Agarkhar and
Sumedha places, pinkish to grayish in colour, medium to
coarse grained porphyritic granite is occurring. The Talchir
is oldest formation existing in the area. It is highly
weathered, sheared and jointed.

The ground water in these formations occurs under
water table, semi-confined and confined conditions. The
average thickness of the weathered portion in the area is
around 15 m and in some places it goes up to 30 m. The
occurrence of fractures at depth in the area are not common
and whenever occur are less potential in ground water point
of view. In general, the discharge varies from 0.5 to 3 Ips.
Therefore, the development in these formations is mostly by
way of dug wells ranges in the depth between 6.0 to 20.0
mbgl with the depth of water level vary between 4.00 to
10.00 mbgl. The depth of bore wells drilled in that area is
ranging between 50 to 200 mbgl. The geological map
ofKorba city is given in Figure-1.
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Fig. 1: The geological map of Korba city

VI. MATERIALS AND METHOD

The objective of sampling of ground and surface water is to
evaluate chemical content of different elements in it and
assessment of extent of contaminations. To assess the
chemical content in ground water of the study area, N=62
nos. (22 DW+ 34 HP+ 06 SW) of water samples were
collected from the different sources distributed in different
parts of Korba at pre monsoon in year 2017. The samples
were collected in good quality, clean and well-washed
Plastic bottles of one litre with necessary precautions for
measurement of physical parameters, cations and anions.

Another one sample was acidified with few drops of ultra-
pure acid for analysis of the heavy metals6. The samples
both were analysed for physicochemical parameters and
heavy metals by standard methods7.

VIIl. RESULTS AND DISCUSSION

In the study area, (N=62) water samples were collected from
different locations and various sources to analyse the
parameters by using standard method. The minimum,
maximum and average concentration of all the analysed
physicochemical parameters, major ions and heavy metals
are summarised in Table-1 and discussed below.
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VIIl. DUG WELLS:

In dug well water pH, Conductivity, HCO3, ClI, F, SO4,
NO3,Na, K, Ca, Mg, TH, Pb, Fe, Mn, Cu, Zn and Cr
content ranging from 6.6- 8.2, 125 - 1800 uS/cm, 6 - 500, 7
—-199,0.2-2.3,0-310,2-210,7.1-180,1.3-57.8,10 —
136, 1- 72, 35 — 530, bdl (below detecting limit) — 0.026,
0.02- 0.44, bdl — 0.6, bdl — 0.32, bdl — 1.3, bdl — 0.05 mg/I
with average concentration 7.6, 585.3, 107.8, 58.5, 0.5, 68.1,
60.7, 52.2, 15.5, 36.9, 15.3, 155.7, 0.01, 0.13, 0.22, 0.02,
0.65, 0.03 mg/l respectively. The chemical analysis result
reveals that dug well water is neutral to alkaline in nature. It
is soft to moderately hard in nature. High concentration of
bicarbonate (500 mg/l) is observed at Kudurmal dug well. A
high nitrate concentration above the BIS acceptable limit
(45 mg/l) in dug wells water samples of Indranagar,
Sualpara, Pondibahar, Bhilai, Kuchena, Saliabhata, Dadar,
Gewraghat, Mangaon, Krishna nagar and Sonpuri were
observed 210, 165, 130, 101, 100, 85, 80, 65, 63, 62, and 48
mg/l respectively. High NO3 concentration in drinking
water cause methegobeminia ( Blue baby syndrome). High
fluoride content 2.3 mg/l is recorded at Kudurmal 1 and in
rest of the locations it is observed less than the desired limit
of BIS. High concentration of F- ions causes fluorosis but at
low concentration (less than 0.8mg/l) causes dental caries.
Hence, it is essential to maintain the F- ions concentration
between 0.8 to 1.0 mg/l in drinking water8. Iron content was
recorded within BIS permissible limit in dug well. High
manganese concentration 0.66 mg/l which is more than the
BIS Drinking water standards (0.3 mg/l) is recorded only at
Bhilai. High lead concentration beyond the acceptable limit
0.01 mg/l (Drinking water standards of BIS 10500:
2012)was observed at eight locations Baiskhatal,
Daganiyakhar, Gewraghat, Indiranagar, Krishnanagar, Lata,
Parsabhata and Saliyaghata. High Chromium was recorded
at two locations Saliabhata and Sualpara.

IX. BORE WELLS:

In bore well water pH, Conductivity, HCO3, CI, F, SO4,
NO3,Na, K,Ca, Mg, TH, Pb, Fe, Mn, Cu, Zn and Cr content
ranging from 6.1-8.5, 65 — 1543, 12- 580, 7 — 131, .2 1.8,
bdl- 131, bdl- 160, 0.3 — 103.3, 0.5-23, 4 — 152, 1- 26, 20-
455, bdl - 0.022, 0.04 — 14, bdl — 0.58, bdl - 0.08, bdl — 2.9,
bdl — 0.08 with average concentration 7.7, 415.1, 125.4,
35.6, 0.5, 29.7, 29, 27.1, 6.7, 36, 10.1, 132.1, 0.01, 3.12,
0.12, 0.02, 0.98, 0.04 mg/l.

Most of the bore well water is alkaline in nature
except at Dadar where water is acidic in nature. Ground
water is soft to moderately hard in nature. High
concentration of bicarbonate (580 mg/l) is recorded at
Kudurmalbore well water samples. High concentration of
nitrate is recorded at Gewraghat, Surakchar, Kusmunda,
Sualpara, Pondibahar, Bhilai, Dumarmunda, Chattghat,
Balrampur and Kosabadi are 160, 90, 70, 70, 56, 55, 52, 50,
49, and 48 mg/l respectively. . High fluoride content in bore
well water is observed at  Kudurmal-2, Saliabhata,
Kudurmal-3 with respective concentration 1.8, 1.7 and 1.7
mg/l. High iron beyond the set limit of BIS9 0.3 mg/l
(Drinking water standards of BIS 10500: 2012) was
observed at thirty locations.High manganese concentration
is observed (0.5 mg/l) only at one location Jamnipali. Little

high lead concentration is recorded in few of the locations
and high chromium (>0.05 mg/l) is recorded at
Mandwadoda, Daganiyakhar, Kuchena and Balrampur.

X. SURFACE WATER:

In surface water pH, Conductivity, HCO3, Cl, F, SO4,
NO3,Na, K,Ca, Mg, TH, Pb, Fe, Mn, Cu, Zn and Cr content
ranging from 7.1 -8.1, 76 — 292, 18 — 122, 7 — 11, hdl - 2.8,
bdl -54, bdl — 7, 0.5 — 13, 3.2 - 5.5, 6 — 40, 2- 10, 25- 125,
bdl — 0.015, 0.5 — 1.3, bdl — 0.25, bdl — bdl, bdl — 1.8, bdl -
0.04, with average concentration 7.7, 171.7, 59, 9, 1.2, 16.5,
2,55, 4.6, 18.7, 5.8, 70.8, 0.01, 0.84, 0.09, bdl, 0.3, 0.02
mg/l. It has indicates the surface water of study area is
neutral to slightly alkaline and soft in nature. Comparative
high fluoride, silicate and iron concentration are observed in
surface water.

XI. TEMPORAL VARIATION

To observed the changes in water quality over the time the
chemical analysis result of 2016-17 are compared with
chemical analysis result of 2011-12 and summarised in
Table-1 for the major ions and heavy metals respectively. In
2011-12 study N= 75 numbers of water samples were
collected including N= 13 dug well, N = 30 hand pump and
N = 32 numbers of surface water. While in 2016-17 study N
= 62 water samples were collected that is including N=22
dug well, N=34 hand pump and N=6 numbers of surface
water.

In present study the pH value is slightly enhanced
than previous study and property of ground water has
become neutral to alkaline in nature. The electrical
conductivity of ground water slightly increases while in
surface water conductivity has decreased from previous
study.

The concentration of the anions i.e. bicarbonates,
chloride, sulphate (HCO3, Cl, SO4) etc. in dug well and
hand pump water of study area were found in slightly high
in present study and the nitrate (NO3) concentration were
found very high as compare to the previous study. The
fluoride concentration is also slightly enhanced in hand
pump as well as in dug well zone water. In surface water the
anion concentration decreases from the previous study. The
concentration of sodium and potassium (Na and K) were
observed slightly high in dug well water and hand pump
water. The calcium, magnesium and hardness (Ca, Mg &
TH) were also found higher from the previous study. In
surface water no changes were observed in between two
studies.

Heavy metals i.e. lead, iron, manganese, copper,
and zinc (Pb, Fe, Mn, Cu, Zn) concentration in dug well,
hand pump and surface water were found similar as previous
study while iron concentration in hand pump water increases
many fold from the previous study. Over all the
concentration of major ions and heavy metals are slightly
increases from the previous study over the time period.
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Parameter Dug well water Bore well water Surface water
Year 2011-12 2016-17 2011-12 | 2016-17 | 2011-12 | 2016-17 | BIS 10500 :2012
Number of samples | (n=13) (n=22) (n=30) (n=34) (n=32) (n=06)
Min-Max | Min-Max | Min-Max | Min-Max | Min-Max | Min-Max Range
(Mean) (Mean) (Mean) (Mean) (Mean) (Mean)
pH 6-7.7 6.6-8.2 6.5-8.2 6.1-8.5 6.7-7.7 7.1-8.1 6.5-85
(7.2) (7.6) (7.4) (7.7) (7.4) (7.7) e
EC (uS/cm) 52-1700 | 125-1800 | 42-1515 | 65-1543 | 172-493 76-292 )
(481.3) (585.3) (379.2) (415.1) (290.0) (171.7)
6-640 6-500 12-476 12-580 31-195 18-122
HCO3- (md/)) | (9g5) | (107.8) | (1239) | (1254) | (96.7) | (59.0) 200-600
Cl- 7-178 7-199 4-138 7-131 7-21 7-11 250-1000
(mg/l) (47.4) (58.5) (31.3) (35.6) (11.6) (9.0)
F- 0.1-2.5 0.2-2.3 0.1-1.75 0.2-1.8 0.2-3.5 0.0-2.8 1.0-15
(mg/l) (0.4) (0.5) (0.4) (0.5) (2.3) (1.2) T
0-250 0-310 0-100 0-131 0-70 0-54
S042- (mg/l) @15 | (681 | @se) | 07 | 11 | 65 200-400
2-200 2-210 0-90 0-160 0-38 0-7
NO3- (mg/l) GL1) | 607) | 231) | (200) | (100) | (20 45
Na 5.5-170 7.1-180 3.7-165 | 0.3-103.3 | 5.6-46.9 0.5-13
(mg/l) (41.6) (52.2) (28.8) (27.1) (20.5) (5.5) i
K 0.6-44.3 1.3-57.8 0.3-18.5 0.5-23 3.8-9 3.2-55
(mg/l) (11.5) (15.5) 4.7 (6.7) (5.5) (4.6) i
Ca 4-114 10-136 4-110 4-152 16-42 6.0-40 75-200
(mg/l) (28.7) (36.9) (33.2) (36.0) (22.9) (18.7)
Mg 2-60 1-72 2-26 1-26 5-8 2-10 30-100
(mgl/l) (13.6) (15.3) (8.9) (10.1) (6.6) (5.8)
TH 20-480 35-530 20-375 20-455 60-140 25-125 200-600
(mg/1) (128.60 (155.7) (120) (132.1) (82.9) (70.8)
Pb bdl-0.28 | bdl- 0.026 | bdl-0.06 | bdl-0.022 | bdl-0.25 | bdI-0.015 0.01
mg/l) (0.03) (0.01) (0.02) (0.02) (0.05) (0.02) '
Fe 0.01-1.2 | 0.02-0.44 | 0.01-9.8 | 0.04-14.0 | 0.1-1.4 0.5-1.3 03
(mg/l) (0.30) (0.13) (2.33) (3.12) (0.72) (0.84) '
Mn bdl-0.4 | bdl-0.66 | bdl-0.7 | bdl-0.58 | bdl-1.09 | bdl-0.25 0.1-0.3
(mg/l) (0.09) (0.22) (0.18) (0.12) (0.27) (0.09) T
Cu bdl-1.5 | bdl-0.32 | bdl-0.3 | bdl-0.08 | bdI-2.0
(mg/l) ©015) | (002 | ©05 | (002 | (0.61) | Pdl-bdl 0.05-15
Zn bdl-1.8 | bdl-1.30 | bdl-4.2 | bdl-2.90 | bdl-2.12 | bdl-1.8 515
(mg/l) (0.47) (0.65) (0.61) (0.98) (0.41) (0.30)
Cr bdl-0.08 | bdl-0.05 | bdl-0.13 | bdl-0.08 | bdl-0.07 | bdl-0.04 005
(mg/l) (0.01) (0.03) (0.01) (0.04) (0.02) (0.02) !

Table 1: Temporal variation of ground and surface water quality in Korba industrial area

XI1l. CONCLUSION

The present study shows that the ground water is polluted by
fluoride, nitrate, in certain locations. Iron and manganese in
ground water have their concentration above the standard
norms for the drinking water. Copper, zinc and chromium
also present in water of study area but mostly below the
permissible limit.

Nitrate content exists up to shallow aquifer, may be
due to poor drainage condition prevailing around the well.
The iron and manganese are observed beyond the
permissible limit in some places due to geological
formation. Chromium also observed in few places might be
due to local pollution. Not much variation is observed over
the time in most of the parameter however, some parameters
are recorded slightly higher than the previous study.
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