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ABSTRACT
Aim: The aim of the study was to monitor the water quality of ten pitlakes which were located in Raniganj coal field area, West 
Bengal for three successive seasons during April 2014 to March 2015. 
Methodology: In this study, physicochemical parameters of water samples were analyzed following standard methods. Statisti-
cal analyses were used to indicate the role of each parameter. 
Result: Significant positive correlation was noted within hardness and chloride. The nature of the pitlakes is generally alkaline. A 
mean value of pH 7.65 were recorded which ranged between 6.70 and 9.10 during the study period. Significant variation found 
among other parameters of pitlakes. PCA reveals three most important and key influential parameters – Hardness, Chloride and 
Nitrate Nitrogen content of pitlake water. 
Conclusion: This observation indicates that mine waters differ in its composition with seasonal changes and having capability 
to change their nature with time.
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INTRODUCTION

The opencast coal extraction method is one of the best and 
appropriate in the mining industries of India resulting into 
a void or pit which is eventually filled up by surface runoff 
and groundwater seepage becoming a pit-lake, the potential 
water reservoir (Ghosh, 2012). In India, coal is a major re-
source and most important primary source of energy. Coal 
mining activities changes drastically different sectors of our 
environment. The major environmental impacts on the sur-
rounding areas and on human health are well documented 
by several authors’ in different times (Dhar, 1993; Ripley et 
al., 1996; Peplow and Edmonds, 2002; Younger, 2004; Pal 
et al., 2013). 

Pit lakes have unique physical property than other water 
body. Nevertheless, pit lake waters often constitute a vast 

resource but of limited beneficial use (due to water quality 
issues); with a potential to contaminate regional surface and 
ground water resources (Kumar et al., 2009). Their value as 
resources for recreation, fisheries, water supply, and wild-
life habitat depends mostly on their topography, their safety. 
Pit lakes may have long-term benefits as a water source for 
industrial activities rather than relying on natural systems. 
Several records were available on the assessment of the wa-
ter quality of different pitlakes in India (Ghosh et al., 2005; 
Singh et al., 2009 and Singh et al., 2010)

Thus quality assessments of selected pit lakes in RCF has 
been carried out during 2014 -2015 in order to assess the 
present hydrological conditions, bio-profile and efficacy to 
evolve strategies for an ecological restoration, conservation 
and management.
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MATERIALS AND METHODS

Study area
Raniganj Coalfield is the birth place of coal mining in the 
country. Area of Raniganj Coalfield is 1530 Km-2 spreading 
over Burdwan, Birbhum, Bankura and Purulia Districts in 
West Bengal and Dhanbad District in Jharkhand. Heart of 
Raniganj Coal Field (RCF) is, however, in Burdwan Dis-
trict bounded by Ajoy River in North and Damodar River 
in South. On the basis of geographic distribution and use 
pattern, 10 pitlakes were selected for studying the physico- 
chemical properties of their water in premonsoon, monsoon 
and post-monsoon, comprising the three principal seasons of 
a year.

Water sample analysis
Water samples were collected from 10 pitlakes in premon-
soon, monsoon and post-monsoon seasons during 2014-2015 
using standard protocols and guidelines. The value of each 
parameter was expressed as mean with standard deviations 
in the results.

Tests for physicochemical parameters of water samples were 
performed by following standard methods given by Ameri-
can Public Health Association (APHA, 2005) and Black 
(1965).

Statistical analysis
Statistical analyses were performed using the statistical 
package XLSTAT (Addinsoft, 2010). Graphs are drawn us-
ing Sci DAvis 1.D005 (Benkert et. al. 2014).

RESULTS 

The physic-chemical variables of the ten selected mine pit 
lakes (PL01, PL02, PL03, PL04, PL05, PL06, PL07, PL08, 
PL09, PL10) water are represented as the annual mean along 
with standard deviations, minimum and maximum value in 
Table 2.

A mean value of pH 7.65 were recorded which ranged be-
tween 6.70 (Western Kajora pitlake) to 9.10 (Real Kajora) 
during the study period. With a mean value of 0.250 µS/
cm the maximum value for conductivity was recorded in 
PL16 (1.024 µS/cm) and minimum was recorded in PL25 
(0.062 µS/cm). The highest value of alkalinity (48 mg/L) 
was recorded in PL 26 (Chakrambati) with the lowest value 
(3mg/L) in PL 17 (Khadan kali) respectively. Total hard-
ness value varied between 58 mg/L (Babuisol Colony) to 
278 mg/L (Chakrambati) with a mean value of 156.43 mg/L. 
Chloride concentration ranged between 9.92 mg/L (Babui-
sol colony) to 69.97 mg/L (Chakrambati) with a mean value 
of 33.11 mg/L.  Nitrate Nitrogen value varied between 0.01 

mg/L to 109.20 mg/L with a mean value of 22.26 mg/L.  
Highest value of Phosphate phosphorous (24.58 mg/L) was 
recorded in Western Kajora pitlake with the lowest value 
(0.08 mg/L) in Babuisol colony respectively. The variation 
of water parameters according to seasonal mean value in dif-
ferent pitlakes are shown in Figure 1 to 7.

Correlation Coefficients computed among the chemical pa-
rameters of ten pit lakes showed in Table 3. Significant posi-
tive correlation was noted within hardness and chloride. To-
tal hardness is also positively correlated with alkalinity in pit 
lakes. Positive correlations of chloride and alkalinity were 
also revealed.

Principal components analysis is a multivariate data analytic 
technique. It reduces a large number of variables to a small 
number of variables, without sacrificing too much of the 
information. The PCA was used to reduce water chemical 
parameters (variables).The contribution of the variables (%) 
and squared cosines of the variables of PCA analysis is rep-
resented in Table 4 and 5. 

Figure 1 depicts the dendrogram plot derived from AHC 
analysis depending on the water quality variables. Three 
clusters shows the similarity above 90% among the pitlakes 
they include i.e. Cluster 1 and 2 contain PL 5, 6, 7, 8 and PL 
2, 3, 9 having similar limno-chemical environment. 

DISCUSSIONS

Variation of physicochemical parameters of ten pitlakes of 
Raniganj coalfield found with their mean value. Similar find-
ings were also reported by (Palit et al., 2014; Singh, 2006). 
PCA reveals three most important and key influencial pa-
rameters – Hardness, Chloride and Nitrate Nitrogen content 
of pitlake water. Parameters are positively correlated that 
indicate their effect on water quality. Hierarchical cluster-
ing designates similarity and dissimilarity among pitlakes in 
respect to their physicochemical parameters. These may be 
due to the site specific complex hydrological and biological 
interactions which naturally occur in these ecosystems (Soni, 
2007; Kido et al, 2009).

CONCLUSION

Based on the results of present studies of the pitlakes of Ran-
iganj coalfield it can be concluded that water quality shows a 
prominent change in their quality. It revealed that all pitlakes 
changes with seasonal variation. Such changes were found 
in pH, Cnductivity, Alkalinity, Hardness, Chloride, Nitrate 
nitrogen and Phosphate phosphorous also. Major factors in-
dicate that pitlake water quality have the potentiality to im-
prove and restore itself with due course of time. 
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Table 1: An inventory of 10 selected pitlakes in Raniganj coal field area, West Bengal, India

Sl. No. Name of the 
Pitlakes

Latitude Longitude Elevation 
(m)

Area of mining Block Nearest village/
town

PL01 Chora 23⁰40'21.4''N 87⁰12'21.9''E 74.8 Bankola Pandabeswar Chora

PL02 Joyalbhanga 1 23°41’40.2”N 87°17’20.3”E 84 Bankola Pandabeswar Joyalbhanga

PL03 Jambad 4 23⁰38'56.5''N 87⁰10'30.7''E 93.7 Kajora Andal Benedi

PL04 Western Kajora 23⁰40'21.4''N 87⁰12'21.9''E 78 Kajora Andal Kajora

PL05 Atewal 23⁰36'14.3''N 87⁰9'54.6''E 83.2 Kajora Andal Jogrambati

PL06 Khadan kali 23⁰35'49''N 87⁰9'54.7''E 79.4 Kajora Andal Polashbon

PL07 Babuisol sib-
mandir 

23⁰35'51.4''N 87⁰10'189''E 74.8 Kajora Andal Babuisol

PL08 Real Kajora 23⁰11’9.6”N 87⁰11’9.6”E 106.7 Kajora Andal Kajora

PL09 Chakrambati 23⁰36’36.3”N 87⁰9’32.6”E 78.3 Kajora Andal Railgate Ma-
jhipara

PL10 Babuisol colony 23⁰35’56.1”N 87⁰9’48.2”E 81.5 Kajora Andal Palashban
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Table 2: Variation of water parameters measured in pit lakes with *National Standard (IS: 10500)

WATER PARAMETERS CODE MIN MAX MEAN ± SD IS:10500*

pH PH 6.70 9.10 7.65 ± 0.81 6.5 – 8.5

Conductivity (µS/cm) CON 0.003 1.024 0.250 ± 0.32 -

Alkalinity (mg/Lt) ALK 3 48 23.18 ± 11.86 200

Hardness (mg/Lt) HAR 58 278 156.43 ± 70.71 300

Chloride (mg/Lt) CHL 9.92 69.97 33.11 ± 17.04 250

Nitrate Nitrogen(mg/Lt) NIN 0.01 109.20 22.26 ± 39.97 45

Phosphate Phosphorus(mg/Lt) PHO 0.08 24.58 2.66 ± 4.51 5*

Table 3: Variations in different water parameters of selected 10 pitlakes in Raniganj coal field.

pH Conductivity 

Alkainity Hardness

Chloride Nitrate nitrogen
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Phosphate phosphorous

Table 4: Correlation matrix of water parameters measured in RCF Pitlakes during the study period

  pH Conductivity Alkalinity Hardness Chloride Nitrate Nitrogen

Conductivity -0.07614

Alkalinity 0.515362 -0.32401

Hardness 0.53367 -0.05358 0.661467

Chloride 0.414618 -0.3104 0.667134 0.820867

Nitrate Nitrogen -0.2715 0.630213 -0.27529 -0.29197 -0.49005

Phosphate Phosphorus 0.241075 0.201859 0.14317 0.118356 0.019756 -0.23341

Table 5: Squared cosines of the variables after Varimax rotation derived from PCA of water parameters. [Val-
ues in bold correspond for each variable to the factor for which the squared cosine is the largest]

  D1 D2 D3

pH 0.2547 0.0558 0.4226

Conductivity 0.0007 0.8984 0.0470

Alkalinity 0.0706 0.0085 0.8403

Hardness 0.4971 0.0904 0.2692

Chloride 0.7508 0.0159 0.1726

Nitrate Nitrogen 0.6932 0.0418 0.0108

Phosphate Phosphorus 0.0964 0.7047 0.1384

Table 6: Contribution of the variables (%) after Varimax rotation derived from PCA of water parameters
  D1 D2 D3

pH 10.7754 3.0741 22.2319

Conductivity 0.0289 49.4837 2.4706

Alkalinity 2.9854 0.4678 44.2095

Hardness 21.0320 4.9812 14.1609

Chloride 31.7674 0.8744 9.0787

Nitrate Nitrogen 29.3336 2.3039 0.5696

Phosphate Phosphorus 4.0773 38.8149 7.2789
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Figure 1: Dendogram derived from Agglomerative Hierarchical Cluster (AHC) analysis showing the Pitlakes associations de-
pending on water parameters measured during the study period.


