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Abstract  
 

Jharia coalfield is one of the most important sources of coking coal in India.  Coal mining activities in this 

coalfield have significantly caused mineralisation of surface and ground water; there-by adversely affecting it’s 

quality and utility. Several trace elements may be present in mine water released from various mining and 

processing operations. In this paper, an attempt has been made to assess the trace elements concentration in 

mine water in monsoon, winter and summer seasons in seven collieries of Jharia coalfield. The study areas 

comprised up three zones namely: non-fire, intermediate fire and fire zone depending on the level of fire activity 

in the selected coal mines. The trace elements that were selected for analysis were Pb, Zn, Cu, Fe, Mn, Co, Cd 

etc. For analysis of trace elements; samples were filtered using Whatman filter paper No.42. Then the samples 

were preserved after acidifying to pH <2 with 6 N conc. HNO3 in refrigerator till analysis in GBC-902 atomic 

absorption spectrophotometer. The results of the present investigations clearly reveal that mine waters of fire 

areas showed higher concentration levels of Pb, Zn, Cu, Fe, Mn vis-à-vis non-fire and intermediate fire areas. 

Ni, Cd and Co was found to be present in mine water samples of fire areas and absent in other areas. As, Se, Hg, 

and Cr were BDL in all the samples in the three seasons.  In general, the trace elements concentrations were 

observed to be minimum in monsoon season and maximum in summer season. Trace elements index determined 

for mine water samples for different zones indicate that, mine water was ‘very slightly polluted’ in non-fire 

zone, ‘slightly polluted’ in intermediate fire zone and ‘moderately to highly polluted’ in the fire zone.     
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1 Introduction 

 

Jharia coalfield is one of the most important sources of coking coal in India.  Coal mining activities in this 

coalfield have significantly caused mineralisation of surface and ground water; there by adversely affecting its 

quality and utility. The discharge of pollutants from surface mining operations generally occurs during or 

immediately following periods of excessive precipitation. The direct surface run-off from active strip mines and 

dumps carry a large quantities of sediments .In addition, water may dissolve lot of substances from soil and rock 

.The type of pollutants generated from underground mines are principally minerals in the rocks which are 

dissolved in water with which they come in contact. Refuse piles containing sulphides (pyrite) may give rise to 

acid mine drainage problems on the surface and underground. Withdrawal of large amount of water for different 

needs during mining operations often causes significant changes in its physico-chemical properties and also 

often causes depression of ground water in the region which may result in its scarcity (Banerjee and Singh, 

1993). 



 Major sources of water pollution in mining areas can be caused by: 

 

 Mine water pumped out from mine, 

 Seepage and run-offs from overburden and tailing dumps, 

 Pollution from contamination with toxic metals, 

 Acid mine drainage in sulphide rich coal mines, 

 Effluents from coal preparation processes, workshops, water used in mines for different  purposes,  

 Domestic sewage etc. 
 

Several trace elements may be present in mine water released from various mining and processing operations. 

Trace elements are very important for the proper functioning of the biological system, but their deficiency or 

excess may cause a number of disorders. In this paper, an attempt has been made to determine the seasonal 

variations in trace elements (Pb, Zn, Cu, Fe, Mn, Co, Cd etc) concentration in mine water and to compute trace 

elements index of mine water in seven coal mines of Jharia coalfield (Singh, 1988) .  

 

 

2 Study Area 

 

 

The study area was divided into non-fire and intermediate fire and fire zones depending upon the intensity of 

fire activity and it was located in the eastern part of Jharia coalfield. The non-fire zone comprised of Bastacolla 

(W1) and Bera (W2) collieries; intermediate fire zone comprised of Kuiyan (W3) and Golakdih (W4) collieries 

and Fire zone comprised of North Tisra (W5), Lower Upper Jharia (W6) and Joyrampur (W7) collieries 

(Tripathy, 2002). 

 

 

3 Sampling Methodology 

 

A systematic sampling of mine water from representative sampling stations in each study area was carried out as 

per standard sampling methods (APHA, 1992; NEERI Manual, 1988) for three seasons (monsoon, winter & 

summer). Grab samples collected at different intervals from the effluent discharge points were taken and 

combined to make a composite sample. The samples were collected in thoroughly cleaned polypropylene 

containers that were rinsed with 8M HNO3 followed by repeated washing with double distilled water. Again the 

sampling bottles were rinsed with a portion of sample. After collection of samples each container was labeled 

and relevant details were recorded for each sample.  

 

  For analysis of trace elements, samples were filtered using Whatman filter paper No.42. Then the 

samples were preserved after acidifying to pH <2 with 6 N conc. HNO3 in refrigerator till analysis in GBC-902 

atomic absorption spectrophotometer. 

 

4 Description of Sampling Stations 

 

A brief description of water sampling stations is given in Table-1. 

 

Table 1.  Description of water sampling stations. 

 

Category/Zone Location(No) Description of site/sampling point 

 

Non-Fire Zone 

 

Bastacolla Colliery(W1) 

 

 

Bera colliery(W2) 

Victory Pit mine water discharge point 

 

No.14 pit discharge Water 

 

 

Intermediate Fire Zone 

 

Kuiyan Colliery(W3) 

 

 

Golakdih Colliery (W4) 

Mine water discharge point(No.9 pit) 

 

‘O’ seam mine drainage water 

 

 

Fire  Zone 

North Tisra pit(W5) 

 

LUJ  (W6) 

 

Joyrampur  colliery(W7) 

NT mine water discharge point 

 

LUJ pit water 

 

Joyrampur  u/g mine water discharge point 



5 Results & Discussions 
 

The variations in trace elements concentration in mine water samples at different stations in monsoon, winter 

and summer seasons are presented in Tables 2 to 4 respectively. The annual average trace elements 

concentration in mine water is given in Table 5 (Tripathy, 2002).  

 

Table 2.Trace elements concentration (mg/l) in mine water in monsoon season. 

 

Element Non Fire Zone 

    W1        |    W2 

Interm. Fire Zone 

      W3           |      W4 

Fire Zone 

    W5         |    W6            |     W7 

Pb 0.053 BDL BDL 0.061 0.075 0.079 0.085 

Zn 0.641 0.671 0.824 0.866 0.882 0.89 0.87 

Cu 0.200 0.265 0.340 0.400 0.916 0.945 0.935 

Fe 0.319 0.316 0.441 0.642 0.773 0.925 1.020 

Mn 0.126 0.114 0.234 0.261 0.297 0.442 0.619 

Co BDL BDL BDL BDL 0.021 0.034 0.061 

Cd BDL BDL BDL 0.002 0.002 0.005 0.006 

Cr BDL BDL BDL BDL BDL BDL BDL 

As BDL BDL BDL BDL BDL BDL BDL 

Hg BDL BDL BDL BDL BDL BDL BDL 

Ni BDL BDL BDL BDL 0.434 0.344 0.475 

Se BDL BDL BDL BDL BDL BDL BDL 

 

BDL = Below Detection Limit 

 

Table 3.Trace elements concentration (mg/l) in mine water in winter season. 

Element Non Fire Zone 

W1        |    W2 

Interm. Fire Zone 

W3           |      W4 

Fire Zone 

W5         |    W6            |     W7 

Pb 0.059 BDL BDL 0.067 0.078 0.08 0.084 

Zn 0.75 0.794 0.945 0.948 0.972 0.986 0.967 

Cu 0.277 0.328 0.352 0.428 1.237 1.756 1.433 

Fe 0.350 0.411 0.562 0.751 0.924 1.040 1.102 

Mn 0.130 0.120 0.261 0.273 0.320 0.450 0.71 

Co BDL BDL 0.030 BDL 0.035 0.040 0.072 

Cd BDL BDL BDL 0.003 0.0035 0.006 0.0065 

Cr BDL BDL BDL BDL BDL BDL BDL 

As BDL BDL BDL BDL BDL BDL BDL 

Hg BDL BDL BDL BDL BDL BDL BDL 

Ni BDL BDL BDL BDL 0.300 0.280 0.42 

Se BDL BDL BDL BDL BDL BDL BDL 



 

Table 4.Trace elements concentration (mg/l) in mine water in summer season 

 

Element Non Fire Zone 

W1        |    W2 

Interm. Fire Zone 

W3           |      W4 

Fire Zone 

W5         |    W6            |     W7 

Pb 0.065 BDL BDL 0.071 0.080 0.082 0.095 

Zn 0.810 0.781 0.952 0.963 0.988 0.996 0.981 

Cu 0.230 0.340 0.343 0.450 1.240 1.820 1.45 

Fe 0.361 0.424 0.564 0.784 0.944 1.061 1.108 

Mn 0.135 0.122 0.270 0.288 0.324 0.460 0.71 

Cd BDL BDL BDL 0.004 0.0042 0.007 0.008 

Co BDL BDL BDL BDL 0.055 0.059 0.068 

Cr BDL BDL BDL BDL BDL BDL BDL 

As BDL BDL BDL BDL BDL BDL BDL 

Hg BDL BDL BDL BDL BDL BDL BDL 

Ni BDL BDL BDL BDL 0.290 0.250 0.442 

Se BDL BDL BDL BDL BDL BDL BDL 

 

Lead 

 

The seasonal variation in lead concentrations in mine water in monsoon, winter and summer seasons were: 

0.053, 0.059 and 0.065 at W1, BDL at W2 and W3; 0.061, 0.067 and 0.071 at W4; 0.075, 0.078 and 0.08 at W5; 

0.079, 0.08and 0.082 at W6; 0.085, 0.084 and 0.095 at W7 (all the given values were in mg/l). The annual mean 

values (mg/l) varied at different stations as follows: W7 (0.088) > W6 (0.08) >W5 (0.077) W4 (0.066)>W1 

(0.059) > W2 (BDL)>W3 (BDL). At all the stations it was quite less than the permissible effluent standard of 

0.1 mg/l (IS: 2490, 1981). The values were relatively higher in fire areas and the values showed increasing trend 

in summer season compared to monsoon and winter season. 

 

Zinc 

 

It varied in monsoon season from 0.641 mg/l(W1)  to 0.89 mg/l (W6);in winter season from 0.75 mg/l (W1) to 

0.986 (W6) and in summer season between  0.781 (W2) to 0.996(W6)  .The values were in general higher in fire 

areas ,intermediate in intermediate fire areas and minimum in non-fire areas. The Zn concentration was 

maximum in summer and minimum in monsoon season. At all the stations its concentration was much less than 

the permissible limit of 5 mg/l (IS: 2490, 1981). The increased concentration of Zn in fire areas may be due to 

the effect of coal burning and its subsequent leaching into mine water. 

 

Copper  

 

It varied between 0.2-0.265 in non-fire zone, between 0.34-0.4 in intermediate fire zone and between 0.916(W5) 

- 0.945(W6) in fire zone in monsoon season .In winter it varied between 0.277-0.328 in non-fire, 0.352-0.428 in 

intermediate fire zone and 1.237(W5) -1.756(W6) in fire zone. In summer season, it was 0.23-0.34 in non-fire, 

0.343-0.45 in intermediate fire and 1.24(W5)-1.82(W6) in fire zone. The annual mean values of Cu in mg/l 

were: 0.235(W1), 0.311(W2), 0.345(W3), 0.426(W4), 1.131 (W5), 1.507(W6) and 1.272(W7). It was showing 

increasing trend from W1 to W7 in all the seasons and values in fire areas were significantly higher compared to 

non-fire and intermediate fire zones. However, its concentration in all the samples was less than IS: 2490, 1981 

limit of 3 mg/l.  

 

Iron 

 

The iron concentration in mine water varied between 0.316 mg/l (W2) to 1.020 mg/l (W7) in monsoon season, 

between 0.350 mg/l (W1) to 1.102 mg/l (W7) in winter and between 0.361 mg/l (W1) to 1.108 mg/l (W7) in 

summer season. Annual mean values in mg/l at different locations varied as follows: W1 (0.343) < W2 (383) < 



W3 (0.522) < W4 (0.727) <W5 (0.881) <W6 (1.007) <W7 (1.076) .Its values were higher in summer and in fire 

areas. It is more than IS: 10500, 1983 limit of 0.3 mg/l at all the stations and intolerable in fire areas W6 and 

W7. Its concentrations are higher in all the stations indicate the whole area is rich in iron bearing formations. In 

summer months higher values were due to increased concentration with increased water temperature. Higher 

concentration of iron can affect cooking, laundry, increases stains, affects hair, with objectionable taste and odor 

and industrial uses. 

 

 

Manganese  

 

It varied between 0.114 mg/l (W2) to 0.619 mg/l (W7) in monsoon season; between 0.12 mg/l (W2) to 0.71 mg/l 

(W7) in winter season and between 0.122 mg/l (W2) to 0.71 mg/l (W7) in summer season. The annual mean 

values (mg/l) varied in different stations as follows: W2 (0.118) < W1 (0.130) < W3 (0.255) <W4 (0.274) <W5 

(0.313) <W6 (0.450) <W7 (0.679). In general the values were higher in fire areas in all the seasons and more so 

in summer season. It is higher than the maximum IS: 10500 limits of 0.1 mg/l in all the stations and its values 

were very much higher in fire affected zone. As the concentration in water exceeds 0.2 mg/l, it would cause 

undesirable taste, staining of clothes etc. 

 

Cobalt 

 

It was BDL at W1, W2 and W4 in all the seasons. In monsoon season and summer season it was BDL at W3 

and in winter it was 0.03 mg/l.  It was only present in fire areas in all the seasons. In monsoon season, it varied 

between 0.021 mg/l (W5) to 0.061 mg/l (W7), in winter between 0.035(W5) mg/l to 0.072 mg/l (W7) and in 

summer season between 0.055 mg/l (W5) to 0.068 mg/l (W7). It was higher in summer than winter than 

monsoon season. Only presence of Co in fire areas indicates that probably fire activity has induced it. The 

values are higher than 0.05 mg/l in summer season and in winter at W6 and W7. 

 

Cadmium 

 

It was BDL at W1, W2 and W3 in all the three seasons. It varied  at different stations in monsoon, winter and 

summer seasons as follows : 0.002,0.003,0.004 at W4; 0.002,0.0035,0.0042 at W5; 0.005 ,0.006 and 0.007 at 

W6  ; 0.006 ,0.0065 and 0.008 at W7 (all the values are in mg/l)  respectively. The values were higher in fire 

areas. All the results were less than the tolerance limit of Cd in water i.e.2mg/l (IS: 2490, 1981).Its presence in 

mine water in fire are is probably due to coal burning that releases Cd into water. 

 

Nickel  

 

It was BDL in all the stations in non-fire and intermediate fire areas in three seasons. It was only found in fire 

areas. It varied  at W5,W6 and W7  in monsoon, winter and summer season as follows: 0.434,0.3,0.29  at W5 ; 

0.344,0.28 ,0.25 at W6 and 0.475,0.42 and 0.442  at W7 (all the values were in mg/l). It was less than the IS: 

2490 limit of 3.0 mg/l.  Contamination of Ni can be from coal burning activities releasing it into mine water. 

 

Arsenic, Selenium, Mercury and Chromium 

 

 It can be observed that As, Se, Hg, and Cr were BDL in all the samples in all the three seasons. 

 

6 Determination of trace element index for mine water 
 

For evaluation of trace element index for water the data were divided in to three groups:  

 

i) Cadmium and chromium (chemicals that should be absent in water). 

 

ii) Lead, copper, iron, zinc, nickel (chemicals that have definite water quality standards). 

 

iii) Water hardness that can change the toxic effect of the above elements 

 

The sub-indices for the above element and water hardness are then combined as follows: 

 

I tw = SQ.ROOT   ((SUM  Itox)
2
  +  (SUM  Iele)

2
 +   (I H )

2
/(3))

 
                                                                     (1) 

  



where  I tw     = trace element index for mine water, 

             I tox     = sub-index for toxic element Cd and Cr, 

               IH     = sub-index for hardness, and 

               Iele    = sub-index for trace elements like Pb, Cu etc for which water quality   

                           standards are prescribed.  

 

The calculation procedure for trace element index in the study areas are given in Tables 5 to 8 (Tripathy, 2002).      

 

Table 5. Annual average trace elements concentration in mine water in study areas (mg/l) 

 

Element Non Fire Zone 

W1         |    W2 

Interm. Fire Zone 

W3           |      W4 

Fire Zone 

W5          |    W6           |     W7 

Pb 0.059 BDL BDL 0.066 0.077 0.080 0.088 

Zn 0.733 0.748 0.907 0.925 0.942 0.957 0.939 

Cu 0.235 0.311 0.345 0.426 1.131 1.507 1.272 

Fe 0.343 0.383 0.522 0.727 0.881 1.007 1.076 

Mn 0.130 0.118 0.255 0.274 0.313 0.450 0.679 

Cd BDL BDL BDL 0.003 0.0032 0.006 0.020 

Co BDL BDL 0.010 BDL 0.037 0.044 0.067 

Cr BDL BDL BDL BDL BDL BDL BDL 

As BDL BDL BDL BDL BDL BDL BDL 

Hg BDL BDL BDL BDL BDL BDL BDL 

Ni BDL BDL BDL BDL 0.341 0.374 0.445 

Se BDL BDL BDL BDL BDL BDL BDL 

 

Table 6. Ratio of mean values to permissible limits for trace elements 

 

Element W1 W2 W3 W4 W5 W6 W7 Permissible 

Limit(mg/l) 

Pb 0.590 --- ---- 0.660 0.770 0.800 0.880 0.100 

Zn 0.146 0.149 0.181 0.185 0.188 0.191 0.088 5.000 

Cu 0.078 0.103 0.115 0.142 0.377 0.502 0.424 3.000 

Cd ----- ------ ------ 0.001 0.002 0.003 0.010 2.000 

Fe 1.143 1.276 1.740 2.423 2.936 3.356 3.586 0.300 

Mn 1.300 1.180 2.550 2.740 3.130 4.500 6.790 0.100 

Co ---- ------ 0.200 ----- 0.740 0.880 1.340 0.050 

Ni ----- ------ ------ ------- 0.114 0.124 0.148 3.000 

 

Table 7. Evaluation of trace elements index (Itw) in mine water 

 

 I ele I ele
2 

(A)
 

I tox I tox
2 

(B)
 

IH IH
2 

(C)
 

(I tw )
2
 

=(A)+(B)+(C)/3.0 

Itw 

W1 3.257 10.608 ----- ---- 0.900 0.810 3.8726 1.970 

W2 2.708 7.360 ----- ----- 1.034 1.070 2.8278 1.680 

W3 4.786 22.905 ----- ----- 1.143 1.306 8.115 2.850 

W4 6.150 37.822 0.0015 .0000022 1.252 1.567 13.1365 3.620 

W5 8.225 68.145 0.0016 .0000025 1.355 1.836 23.3135 4.830 

W6 10.356 107.184 0.003 .00009 1.404 1.972 36.3628 6.032 

W7 13.256 175.721 0.010 .0001 1.496 2.24 59.3953 7.707 

 

 

The rating scale for trace elements index is given in Table 8. 



Table 8. Rating scale for trace elements index (Itw) for mine water 

 

Index value                                  Remarks  Status of mine water at each Station  

<2 Very  Slightly Polluted W1,W2 

2-4 Slightly  Polluted W3   ,W4 

4-6 Moderately Polluted W5 

6-8 Highly Polluted W6,W7 

>8 Severely Polluted  

 

 

7 Conclusion 

 

The results of the present investigations clearly reveal that mine waters of fire areas showed higher 

concentration levels of Pb, Zn, Cu, Fe, Mn vis-à-vis non-fire and fire areas. Ni, Cd and Co was found to be 

present in mine water samples of fire areas and absent in other areas. As, Se, Hg, and Cr were BDL in all the 

samples in the three seasons. In general, the trace elements concentrations were observed to be minimum in 

monsoon season and maximum in summer season. Trace elements index determined for mine water samples for 

different zones indicate that, mine water was ‘very slightly polluted’ in non-fire zone, ‘slightly polluted’ in 

intermediate fire zone and ‘moderately to highly polluted’ in the fire zone.     
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