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ABSTRACT 
With the advent of industrial complex in Korba city of Chhattisgarh State of India, the quality of 
groundwater in this region has been affected negatively due to discharge of industrial effluents 
into an open lands and ponds, tanks and streams. The improper disposal of the industrial 
effluents has  caused  widespread  groundwater pollution. In the present study, water samples 
from surface water bodies and groundwater (dug wells) were collected and analyzed for their 
major and minor constituents. The high values of Electrical Conductivity (EC) and concentration 
of major and minor constituents indicate the negative effects of industrial effluents on 
groundwater quality. Higher concentrations of constituents bring out the groundwater pollution 
in the study area. The groundwater in and around Korba is going to become hazardous if 
remedial measures are not implemented. 
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INTRODUCTION 

Water is the essence of life. There is a basic need 
of safe drinking water for human beings, 
however, many are not able to get sufficient 
portable safe drinking water supply. Infant 
mortality is mostly due to drinking of polluted 
water. Globally, over one billion people are 
forced to rely on unsafe drinking water sources. 
The quality of groundwater in any area is 
controlled by the rocks and soil through it  moves 
and its location with respect to other surface 
water bodies  like  lakes,  streams, tanks, canals 
and also nearby industrial establishment.1 It is 
essential to identify the polluted zone with regard 
to their lateral and vertical extent and the 
composition   of   the   water   to   evolve   a   
scientific   basis   for   development and manage-
ment   of   groundwater   resources   in   different   
situations   in   relation   to ground water quality. 
Without determining groundwater quality,  
quantity  of  available groundwater for any 
purpose lead to hazards for animals,  plants  and  
human being.  
In India and in the countries of third world, 
groundwater  resources  are  getting polluted 
due to unplanned disposal of untreated wastes 

of industries and excessive use of fertilizers in  
agriculture sector. Water quality is determined 
by its chemistry. Surface water percolation is a 
major source of recharge of shallow aquifers. 
Therefore, the understanding of the interaction 
between surface water and groundwater, 
especially in low lands and shallow aquifers as 
in the  case of study  area is very important. 
The city of Korba, India is an example of such 
a hydrogeological system where even the 
drinking water sources of the area are 
developing eutrophication due to catchment 
run-off. The major and minor water bodies in 
and around Korba city are environmentally  
degraded/polluted  or  undergoing rapid irrev-
ersible degradation/pollution due to discharge 
of waste effluents into the rivers/ streams, 
nalas etc. The industrial effluents are 
discharged from effluent storage ponds to 
minor irrigation lakes and the streams become 
perennial e.g. Belgari nala, Dengur nala and 
Ahiran river. Hence, there is an urgent need to 
improve the ground water quality of the area 
which in turn require standard chemical 
analysis of groundwater samples in and around 
Korba city.2-5 
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AIMS AND OBJECTIVES 
To evaluate the effect on the groundwater 
quality due to disposal of industrial wastes into 
stream courses Hasdeo river and its tributaries 
namely, Belgari nala, Dengur nala and Ahiran 
river. Consequently, the focus of the study was 
on the areas close to these stream courses and 
on the effluent disposal sites in the context of 
surface drainage and groundwater flows in 
these study area. 
Study area 
The study area falls in survey of India 
toposheet nos. 64J/11 and 64J/15 on  the scale 
of 1:50,000  and situated between 82o38' to 82'  
 

50'N Latitudes and 22o18' to 22o59'  E  
Longitudes  (Fig.  1).  It  comprises  about  550  
square  kilometer  area in Chhattisgarh state, 
India. It is characterized by low relief, flat 
subdued and undulating topography. The general 
elevation is about 280 meters to the  maximum  
of  616 metres in the North with reference to 
M.S.L. It comprises the number of thermal 
plants, aluminum industries and coal mines. The 
area has good climatic conditions characterized 
by a hot dry summer and about 1500 millimeter 
annual rainfall. The temperature reaches a 
maximum of around 48oC in the hot season and a 
minimum of 5oC in the cool season. 

Fig. 1 : Location map of study area with plants and industries 

Geology and hydrogeology 
Most of the area is underlain by the gneissic 
granites and crystalline metamorphic rocks 
intruded by pegmatitic veins. It is overlain by the 
upper carboniferous rocks of Talchir formation 
followed by lower Permain rocks of  Barakar 
formation. Talchir formation consists of green 
shales, siltstone and  sandstone. The Barakar 
formation consists of medium to coarse grained, 
massive to thickly bedded, grayish white and 
compact sandstone. Major portion of Korba area 
is characterized by a number of coal seams, 
which are known as Korba Coal fields and has an 
East-West strike. 
 

The wells sampled during the study are situated 
in the above three lithologic formations. The 
granites and gneisses have very low porosity 
and permeability but they weather to produce 
high porosity and low permeability silty sandy 
clays. The Talchir and Barakar formations have 
medium to high porosity and permeability. 3-5 
meters diameter dug well and 15 cm to 30 cm 
diameter tube wells are used for domestic and 
industrial purposes. Groundwater occurs under 
unconfined and semi- confined conditions. 
Water levels in dug wells during May-June, 
2014 were ranged from 8-10 m below the 
ground level. 
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MATERIAL AND METHODS 
In order to determine the water chemistry, 20 
surface water samples and 20 groundwater 
samples from shallow aquifers were collected 
in a plastic high density polyethylene bottles 
during October 2013 and May 2014. The 
surface water samples were collected from 
Hasdeo river, Belgari nala, Dengur nala and 
Ahiran river. Groundwater samples were 
collected from dug wells existing in  the  study  
area. Water samples location are shown in  
Fig. 2. For the measurements of physico- 
chemical characteristics of water, the standard 
procedures were followed in the field and 
laboratory.  In situ  measurements  like pH, EC  
 

were measured by pH metre and conductivity 
metre. The anions (Cl, NO3 and SO4) were 
analyzed by ionic chromatography. HCO3 was 
determined by volumetric analysis. The major 
cations were measured by flamephotometer. 
Trace elements namely Cd, Cr, Fe, Mn, Ni, Pb 
were analyzed by Atomic Absorption 
Spectroscopy. Dissolved  oxygen  was 
measured by DO metre and BOD in a 
incubator. The chemical analysis was only 
accepted when the ion charge balance was 
better than 5%. The average values of 
chemical parameters of surface and ground 
waters are given in Table 1. Major and minor 
constituents are plotted in the trilinear piper 
diagram and shown in (Fig.   3). 

 
Fig. 2 : Location map of water sampling station 

 
Fig. 3 : Piper diagram showing composition of ground water samples 
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Table 1 : Average values of chemical constituents of groundwater in  mg/l 

S/N Constituents 
Surface water Ground water 

Oct. 2013 May 2014 Oct. 2013 May 2014 

1. pH 7.65 8.05 8.58 5.65 

2. EC at 25oC (µs/cm) 1114.23 1276.30 1515.3 1700.66 

3. TDS (mg/l) 724.30 822.00 905.09 1088.30 

4. Hardness (mg/l) 356.66 399.05 435.05 450.00 

5. Calcium (mg/l) 211.20 224.22 255.00 265.00 

6. Magnesium (mg/l) 159.00 163.63 175.08 183.01 

7. Sodium (mg/l) 228.00 232.00 230.05 244.10 

8. Potassium (mg/l) 15.00 20.00 25.00 30.00 

9. Bicarbonate (mg/l) 340.55 535.57 555.73 660.61 

10. Chloride (mg/l) 165.00 235.00 159.37 241.50 

11. Sulphate (mg/l) 400.00 410.33 466.83 484.20 

12. Nitrate (mg/l) 40.00 45.00 47.93 52.05 

13. Cadmium (mg/l) 0.001 0.002 0.002 0.003 

14. Chromium (mg/l) 0.05 0.06 0.06 0.07 

15. Iron (mg/l) 0.30 0.35 0.40 0.45 

16. Manganese (mg/l) 0.10 0.15 0.15 0.20 

17. Nickel (mg/l) 0.02 0.03 0.03 0.04 

18. Lead (mg/l) 0.01 0.02 0.025 0.030 

19. BOD (mg/l) 5.0 5.05 4.5 3.5 

20. DO  5.0 5.05 4.5 3.5 
 

RESULTS AND DISCUSSION 
Surface water samples 
Table 1 shows that the pH ranges in surface 
water from  7.65  to 8.05;  EC from 1114.23 to 
1276.30 µs/cm; TDS from 724.30 – 1276.30 
mg/l; Hardness   from 356.66  to  399.05  mg/l;  
Calcium  from  211.20  –  224.22  mg/l;  
Magnesium   from 159.00 to 163.63 mg/l; 
Sodium from 228.00 – 232.00 mg/l; Potassium 
from 15.00   to 20.00  mg/l;  Bicarbonate  from  
340.55  to  535.57  mg/l;  Chloride  from  
165.00   to  235.00 mg/l; Sulphate from 400.00  

to 410.33 mg/l and Nitrate from 40  or to  45  
mg/l in post and pre monsoon  respectively. 
The trace elements concentration in surface 
water in pre monsoon and post monsoon 
periods is slightly exceeding drinking water 
standards of shows that the industrial effluent 
is polluting the surface water in  the  
downstream  areas.6,7  The BOD and DO 
concentration are within the limits of drifting 
water standard. On the basis of BOD and DO 
contents of the surface water of the study area,  
the   Hasdeo   river   may be   divided into four  
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zones namely (a) clear water zone (b) pollution   
zone(c) active decomposition zone, and (d) 
recovery zone (Fig. 4). In clear water zone, 
there is sufficient oxygen for healthy vigorous 
life in stream. In the pollution and active 
decomposition zone, the concentration of 
oxygen is low and life is stream in restricted to  
 

species that tolerate high organic content and 
low dissolved oxygen. In recovery zone, 
conditions are returning to those necessary to 
maintain high quality stream environment. 
Disposal of wastes released from industries 
and  mining  activities are responsible for this 
condition of Hasdeo  river.8-10 

 

 
Fig. 4 : Relationship between dissolved oxygen and biochemical oxygen demand for Hasdeo 

river following the input of wastes 

The higher concentration of TDS is due to 
leaching of solid wastes from ground surface as 
well as enhanced seepage from lakes, ponds 
during monsoon. In general the TDS 
concentrations were found increasing towards the 
downstream. The sulphate concentrations are 
primarily due to the type of material the soil, as 
well as application of fertilizers. The higher 
concentration of nitrate is due to decay  of 
organic matter sewage and nitrate fertilizer and 
also leading of waste from surrounding 
urbanization. Nitrates with concentration greater 
than 45 mg/l cause cyanosis (Blue Baby 
Syndrome) among infants and development of  
Cancer.11-15 
Groundwater samples 
Table 1 shows that the pH ranges in ground 
water from 8.58 to 8.65, EC    from 1515.30 to 
1700.66 µs/cm, T.D.S. from 905.09 to 1088.30 
mg/l, hardness from 435.05  to  450.00  mg/l,  
calcium  from  255.00  to  265.00  mg/l,  
magnesium from 175.08 to 183.01 mg/l, 
sodium from 230.05 to 244.10 mg/l, potassium 
from 25.00    to  30.00 mg/l, bicarbonate from  

555.73  to  660.61  mg/l, chloride from 159.37     
to 241.50 mg/l, sulphate 466.83 to 484.20 mg/l 
and nitrate 47.93 to 52.05  mg/l.16-18 
The concentration of Cd, Cr, Fe, Mn, Ni and 
Pb is slightly higher than the drinking water 
standard limits in the groundwater. The BOD 
and DO concentration   is also higher than the 
prescribed limits for drinking water  
standard.19-21 
It is also observed that the concentration of water  
quality  indication parameters such as BOD, DO 
and toxic elements are slightly higher than the 
permissible limits of drinking water standard. It 
indicates that the groundwater of    the study area 
is polluted. If disposal of untreated industrial 
effluents continue, the groundwater may became 
hazardous for human health in future. Therefore, 
it is suggested that the monitoring of water 
quality should be done in the study  area. 

CONCLUSION 
The high concentration of ions and trace 
elements  in  groundwater  of  the study area 
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indicates that the pollution of groundwater 
took place  in  the  shallow water table 
conditions inherent around Korba city. The 
results are important in understanding  the  
influence  of  industrial  effluents  seepage  in  
the    groundwater. 
Therefore, the groundwater of the study area is 
not safe for drinking  purpose. 
The soils are becoming acidic and the surfacial 
encrustation of  salts  is  evident in the area. 
The area situated mostly along the stream 
courses is affected by the significant reduction 
in the crop yields. The groundwater reservoir 
has now become degraded which was fresh a 
few decades ago. The improper disposal of the 
industrial effluents has caused widespread 
groundwater and soil pollution. The surface 
water of the stream is also polluted due to 
disposal to industrial   effluents. 
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