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The area under investigation is extensively developed and
is a storehouse of coking coal. There is a clear cut boundary
between the Gondwana sedimentary basin and the
Precambrian metamorphic rocks as shown in fig.1. The
Precambrians are the oldest formation and provide the
basement for the overlying Gondwana sequences. The
Gondwana sequences were deposited in the Damodar river
valley graben. The sedimentary rocks are faulted between
Rohrabandh and Domgarh and is also pierced by igneous
intrusive of Mesozoic-Tertiary age.
SAMPLING :

For the assessment of water quality of the area, extensive
sampling was carried out in pre-monsoon and post-monsoon
seasons, i.e., June, 2015 and October 2015 respectively.
Altogether 48 samples were taken from different sampling sites
out of which 32 are of hand pumps (HP), 07 of river water
(RW), 06 of dug well (DW) and 03 of pond water (PW). The
samples could not be taken from the northern part of the area
and some parts of southern area due to the fact that the
northern part is exclusively forest whereas eastern part is having
treated water supply of FCI & ACC, Sindri units.

The samples were collected in one litre narrow mouth pre-
washed polythelene bottles. The locations of the different
sampling sites were recorded using GPS. The physio-chemical
parameters such as colours, odour, pH, and electrical
conductivity were recorded using portable equipments. The
collected samples were carried to the laboratory for the
analyses of major water quality parameters such as Total
dissolved solid, Total hardness, Alkalinity, Ca2+, Mg2+, Na+,
K+, Cl–, 2

4SO ,  
3HCO  , 

3NO , F–  and Iron in mg/l. The
analytical procedures were conducted using APHA/ISI
methods.
GEOLOGY AND GROUNDWATER CONDITIONS :

The study area can be diagonally divided into two geological
formations, the hard rock area  (Archaeans) and the soft rock
area (Gondwana). The two areas are physically distinct and
are separated by Archaean-Gondwana boundary running in
NNW-SE direction. The hard rock area, consisting chiefly of
the ancient crystalline rocks of the Precambrian age, is confined
to the north of the boundary. The soft rock area comprising the
Gondwanas is confined to the south of the boundary line. The
Talchir and Damuda groups of rocks, including the vast coal
deposits of Gondwana Supergroup have been deposited in a
slowly sinking faulted trough. Superficial deposits of Damodar
river and residual soils of bed rocks are of Quarternary
formations. Igneous intrusions of Cretaceous-Eocene age are
also incorporated at different places of the area. The Pre-
cambrians occupying the northern part of the area consist of
metamorphites forming a part of Satpura Orogenic belt. The
Precanbrians comprise mainly granite- gneiss, quartzites and
mica-schiests.

Only the lower Gondwana is developed in the area forming
a part of Jharia coal fields. Talchir series of rocks are not found
widespread in the area, rather it is developed in patches. A
very narrow strip of talchir shale can be seen at Archaean-
Gondwana boundary in the B.I.T., Sindri campus. These shales
are green in colour and are underlain by fine sandstone with
boulder beds at the base. The Barakar Series is found to rest
directly over the Archaeans in majority of the area except at
few places where Talchir is present in between the Archaeans
and the Barakar. Buff coloured medium grained sandstone,
shale, carbonaceous shale and coal seams are the rock types
reported in the Barakar series. The Barren measures are
exposed to the south of river Damodar in SW corner of the
area. The barren measure consists of sandstone, shale and
carbonaceous shale but is devoid of any coal seam. The
Raniganj formation is completely missing in the area.

The northern part (about 12sq.kms) of the area is a hard
rock terrain. The metamorphic rocks, which are exposed to
the north of the Archaean-Gondwana boundary  covering more
than half of the total area, have virtually no intergranular porosity.
The rocks are extensively weathered which creates favourable
conditions for infiltration and storage of groundwater. But, what
is significant is that the geological conditions vary from one
region to another as the fracture systems are related to local
lithology and structural features. The fractures developed in
the rocks are due to fissures, cooling cracks, joints, faults
and weathered intrusive. These fractures create significant
porosity and permeability in these rocks and are responsible
for their groundwater potential.

The semi-consolidated Lower Gondwana sedimentary
rocks, exposed to the  south of the Archaean-Gondwana
boundary, are productive aquifers. There are two blocks in the
study area namely Chasnala coal block and Tasara coal block.
The Chasnala block is  operational whereas the tasara block
is non-operational. Due to intensive mining and sand stowing,
the geohydrological balance  in Chasnala area is disturbed.
The Tasara area has good groundwater potential. In addition
to the  above described two geological units in the area, there
is a third geological unit also, i.e., Newer alluvium of recent
age. Recent alluvium is found in very thin veneers in topographic
depressions to the south of the Damodar River, but they cannot
be considered as potential aquifers.
RESULTS AND DISCUSSION

The statistical analysis such as mean, median, standard
deviation of all parameters both for pre-monsoon and post-
monsoon samples was done with the help of “R” software and
are presented in tabular form in Table no. 1 and Table no. 2
respectively. The Pearson correlation co-efficent was also
calculated among different parameters and are presented in
Table no. 3 for pre-monsoon data, and Table no. 4 for post-
monsoon data.
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Table No. 1

Parameters
No. of     

Samples
Min.  

value
Max. 
Value

Mean Median
Std. 

Deviation
Desirable permissible Desirable permissible

colour (H.U) 48 1 25 3.1041 1 4.7366 – – 5 H.U. 15 H.U.
Turbidity (NTU) 48 1 74 8.1875 2 14.4261 – – 1 NTU 5 NTU
pH* 48 6.5 7.5 7.1458 7 0.2517 7.0-8.0 6.5-9.2 6.5-8.5 6.5-9.2
Alkalinity* 48 60 564 289.8958 290 121.7248 300 600 200 600
T.Hardness* 48 80 606 392.75 393 135.635 100 500 300 600
T.D.S* 48 125 934 485.4166 492.5 165.6857 500 1500 500 2000
Ca* 48 29 116 60.7083 60 18.7514 75 200 75 200
Mg* 48 2 118 58.4166 57.5 30.1625 30 100 30 100
Fe* 48 0.1 9.6 1.2708 0.7 1.6672 0.3 1 0.3 1
Sulphate* 48 17 135 75.2083 75.5 31.6785 200 600 200 400
Nitrate* 48 1 35 7.875 4 9.4116 50 – 45 –
Fluoride* 48 0.1 0.4 0.1854 0.2 0.0714 1 1.5 1 1.5
Chloride* 48 17 215 71.5833 57.5 42.5255 250 600 250 1000
Conductivity micro S 48 209 1556 808.3541 816.5 274.8683 750 1500 – –
Na* 48 1 305 76.7625 48.65 77.7286 50 200 – –
K* 48 0.1 34 8.5729 5.4 8.7071 10 12 – –

Statistical analysis of water quality data of pre-monsoon samples with precribed limits of WHO(1997) and BIS (IS-10500) 1991

WHO stds 1997 BIS(IS-10500)

   *–ppm

Table No. 2

Parameters
No. of 

Samples
Min.

value
Max. 
Value

Mean Median
Std. 

Deviation
Desirable permissible Desirable permissible

colour (H.U) 48 1 20 2.1458 1 3.189 – – 5 H.U. 15 H.U.
Turbidity (NTU) 48 1 10 2.2291 1 2.6112 – – 1 NTU 5 NTU
pH* 48 7 7.5 7.05 7 0.1304 7.0-8.0 6.5-9.2 6.5-8.5 6.5-9.2
Alkalinity* 48 48 548 270.6041 271 120.8922 300 600 200 600
T.Hardness* 48 65 600 375.0833 375 135.8767 100 500 300 600
T.D.S* 48 120 930 478.4791 485 166.8052 500 1500 500 2000
Ca* 48 21 88 48.875 48.5 15.8041 75 200 75 200
Mg* 48 2 106 50.1666 49 26.234 30 100 30 100
Fe* 48 0.1 8.2 0.752 0.3 103041 0.3 1 0.3 1
Sulphate* 48 12 112 66.125 67.5 28.0232 200 600 200 400
Nitrate* 48 1 30 6.5833 2.5 8.2715 50 – 45 –
Fluoride* 48 0.1 0.3 0.1166 0.1 0.0429 – 1.5 1 1.5
Chloride* 48 11 185 54.6458 44 37.5961 250 600 250 1000
Conductivity micro S 48 200 1550 795.4375 809 281.8975 750 1500 – –
Na* 48 1 254 56.4875 24 67.5126 50 200 – –
K* 48 0.1 29 6.6187 3 7.5831 10 12 – –

BIS(IS-10500)WHO 1997

Satistical analysis of post-monsoon water quality data with prescribed limits of WHO and BIS

*–ppm
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The Pearson correlation matrix was applied to all the collected water samples for identifying the possible statistical relationship
between different pairs of water quality parameters. A highly strong correlation was observed between electrical conductivity and
TDS, EC and Cl–, Na+ and K+.

Table No. 3

Parameters Colour Turbidity Ph. Alkalinity T. hardenss T.D.S. Ca Mg Fe Sulphate Nitrate Fluoride Chloride Conductivity Na K

colour 1 0.987 –0.253 0.201 0.031 0.02 –0.1 0.079 0.873 –0.204 –0.241 0.124 –0.016 0.017 0.116 0.118

Turbidity 1 –0.203 0.191 0.0006 0.004 –0.11 0.05 0.87 –0.24 –0.281 0.174 –0.032 0.001 0.123 0.125

pH 1 –0.191 –0.309 –0.23 –0.1 –0.251 –0.347 –0.254 –0.144 0.12 –0.231 –0.231 –0.04 –0.05

Alkalinity 1 0.704 0.866 0.073 0.705 0.063 0.349 0.133 0.017 0.373 0.864 0.703 0.707

T.Hardness 1 0.835 0.303 0.926 –0.054 0.776 0.267 –0.185 0.622 0.834 0.193 0.199

T.D.S 1 0.197 0.8 –0.038 0.593 0.357 0.024 0.66 0.999 0.63 0.632

Ca 1 0.046 0.161 0.25 0.303 0.063 0.158 0.202 0.129 0.127

Mg 1 0.014 0.72 0.153 –0.212 0.59 0.796 0.251 0.256

Fe 1 –0.205 –0.255 0.114 0.011 –0.041 0.074 0.076

Sulphate 1 2.238 –0.202 0.477 0.595 0.026 0.027

Nitrate 1 –0.145 0.236 0.36 0.11 0.115

Fluoride 1 0.01 0.025 0.233 0.238

Chloride 1 0.657 0.449 0.451

Conductivity 1 0.63 0.632

Na 1 0.837

K 1

Correlation coefficients matrix of pre- monsoon data

Table No. 4

Parameters Colour Turbidity pH. Alkalinity T. hardenss T.D.S. Ca Mg Fe Sulphate Nitrate Chloride Flouride Conductivity Na K

colour 1 0.818 –0.03 0.123 0.01 –0.022 –0.137 0.06 0.935 –0.163 –0.2 –0.054 –0.049 –0.016 0.003 0.005

Turbidity 1 0.09 0.269 0.084 0.047 –0.128 0.132 0.664 –0.185 –0.271 0.07 0.079 0.053 0.121 –0.128

pH 1 0.038 –0.092 –0.028 –0.079 –0.064 –0.091 –0.14 –0.155 –0.114 0.303 –0.037 0.266 0.263

Alkalinity 1 0.7 0.858 0.108 0.715 0.026 0.317 0.148 0.405 0.118 0.86 0.207 0.224

T.Hardness 1 0.833 0.341 0.93 –0.045 0.768 0.257 0.642 –0.055 0.836 –0.185 0.179

T.D.S 1 0.241 0.812 –0.048 0.591 0.362 0.681 0.12 0.998 0.014 0.023

Ca 1 0.045 –0.145 0.34 0.363 0.15 –0.012 0.242 –0.042 –0.049

Mg 1 0.012 0.694 0.179 0.633 –0.055 0.815 –0.231 –0.22

Fe 1 –0.143 –0.213 –0.029 0.022 –0.042 –0.094 –0.095

Sulphate 1 0.239 0.5 –0.102 0.591 –0.243 –0.26

Nitrate 1 0.24 –0.207 0.355 –0.166 –0.175

Chloride 1 0.081 0.68 –0.197 –0.186

Fluoride 1 0.121 0.182 0.196

Conductivity 1 0.011 0.021

Na 1 0.728

K 1

Correlation coefficients of post-monsoon data

PARAMETERS INFLUENCING FLUORIDE :
For inferring the hydrogeochemistry of fluoride in the area

under study, five key water quality parameters such as pH,
iron, calcium, total hardness and fluoride were studied in detail
to get a comprehensive knowledge of the contamination
pattern.

pH: pH is defined as the negative logarithm of the hydrogen
ion activity and describes whether a solution is acidic (pH <
7), neutral  (pH= 7) or alkaline(pH > 7). The results of the

chemical analysis clearly indicate that the mean pH value is
7.14 and standard deviation is 0.2517 during pre-monsoon
season with minimum value 6.50 and maximum value 7.50.
So far as the post-monsoon samples are concerned the mean
pH value is 7.05 and standard deviation 0.1304. As per drinking
water standards all the samples lie within the permissible limit
except one (HP-015) which is slightly acidic. The spatial
distribution of pH is shown in fig. 2 and fig. 3 for pre-monsoon
and post-monsoon seasons respectively.
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