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Abstract: Groundwater contamination with heavy metals reléaBem mining
activities is a worldwide environmental problem.eTleachate generated from mine
waste Overburden dumps may have the potential latpahe surrounding water
resources. This study conducted to evaluate theyheeetal concentrations in the
groundwater of coal mining area. Groundwater sasngiealyzed based on their
heavy metal concentrations such as Co, Cu, NiM¥e,Zn and Pb. Subsequently,
statistical methods employed to identify the cdiitrg factors affecting the heavy
metal constituents of the groundwater. Finally, tesults were compared with the
Drinking Water Quality Standard of the World Heaftliganization (WHO), India
Standard for Drinking Water Specification (IS: 10p0and United States
Environmental Protection Act (USEPA). The resulfstiee present study indicate
that, the concentration of Mn and Fe showed theisgnce in groundwater samples
above the desirable limit recommended for the dnmkwvater Quality Standards.
Concentrations of other metals in most cases edfaweil within the threshold values.
Concentration of Mn in the groundwater samplese¢afrom 0.669 to 0.812 mg/L
whereas concentration of Fe varied from 0.606 T8 mg/L.
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INTRODUCTION

Mining waste is the high-volume material that anagies from the processes of excavation, dressing
and further physical and chemical processing ofewighge of metalliferous and non-metalliferous
minerals by opencast and deep shaft methods. Ipises overburden, run-of-mine rock as well as
discard, slurry and tailings from the preparati@n#ficiation or extraction plants assessment ofnhea
metals contamination in soils using data on thal mntent of the individual heavy metalBhe most
significant impact of a mining project is its efteon water quality and availability of water resms
within the study area. Key questions are whethéiase and ground water supplies will remain fit
for human consumption, and whether the quality wfaze waters in the project area will remain
adequate to support native aquatic life and teiaswildlife?. The leach ate generated from mine
waste dumps may have the potential to pollute tlmeoanding water sources and contamination of
soil also. The most serious problem is groundwatertamination The adverse impact on the
surrounding atmosphere due to leach ate is depgrmutirthe characteristics of that leach ate. So it
becomes very important to assess the characterisfidhe leach ate generated as well as the
relationship between the characteristics of ledaelrand its impact on water quality of the surrongdi
sources. Contamination of the underlying aquifenda¢h a mining area is usually of great concern
even when a prevention plan has been implemented.

Water from abandoned mines may contain significzomicentrations of heavy metals and total
dissolved solids, may have elevated temperaturesaliered pH, depending on the nature of the ore
body and local geochemical conditions. These waterg become acidic over time when exposed to
oxygen and, if present, pyrites or other sulfid@enals. The acidic water may also solubilize metals
contained in the mine and mined materials, credtigg concentrations of metals in solution. These
acidic metal-laden waters may contaminate downigradjround-water and surface water resources.
Neutral and alkaline mine waters may also contagtaia in excess of water quality standards and be
of significant concern to human health and the remvinent. Heavy metals and other contaminants
release from mining sites, especially from mine teakimps or tailing ponds. So, the monitoring
wells should be established around the nearby ameasler to monitor the groundwater pollutions.
However, such monitoring is quite expensive andtoonsuming. Various mathematical simulation
models have been developed for the assessmentoohdwater vulnerability to groundwater
contamination, water resources management andrdebigonitoring well systems. The majority of
mine wastes are in the form of OB materials, weast& and tailing from the ore treatment process as
solid waste and workshop effluent, mine water ambff water as liquid effluents. Large volume of
these can present typical problems on their dispnsagards to pollution hazards, land steriliaati
and quality of water resourcesn the process of mining huge amounts of watsthdirged on surface
to facilitate the mining operation. The dischargedter often contains high load of TSS, TDS,
hardness and heavy metals, which contaminate tfecsuand ground wafer

MATERIALS AND METHODS

Sample collection:To assess the ground water quality of the Jhadfietn, a systematic sampling
carried out as per standard sampling methoBer over burden leach ate study coalmine waste
overburden samples collected from representatingbiag locations and samples combined to make
a composite sample. In an effort to study the éxdénhe groundwater contamination, the sampling
locations for groundwater collection chosen appr@ately highly residential areas near the mine site.
The samples were collected in thoroughly cleandgopopylene containers that were rinsed with 8M
HNO:; followed by repeated washing with double distillgdter. Again, the sampling bottles rinsed
with a portion of sample. After collection of samp| each container labeled and relevant details wer
recorded for each sample.
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Leach ates extraction: For the extraction of overburden leach ate, cal@édB dumps analyzed by
lysimeter test methods with standard protocol.sTést is often called a dynamic test as the legchi
solution is under continuous flux and may be memresentative of field conditions. It involves the
placement of OB material in a lysimeter in compdcteanner and then the addition of leaching
solution to the material to produce leach ate. haarsolution used here was distilled water.

Methods of Analysis for Trace/Heavy ElementsOverburden leach ates and groundwater samples
were analyzed for heavy metal such as Co, Cu, Wi, Mn, Zn and Pb. Atomic Absorption
Spectrophotometer (Model, GBC - Avanta) did thedfheavy elements analysis. For analysis of
trace/heavy elements, the collected samples wieeesfl with Whatmann Filter Paper (Grade-42) and
preserved by adjusting the pH<2 with the help ™ 6litric acid. 2000 ml of the water sample was
concentrated by evaporation and the final volume weade to 50 ml, filtered and preserved for
analysis.

Correlation study: Correlation carried out to understand the relatighsbetween the various
parameters and to test the significance. It wasidered to be not significant when the value ef th
probability of significance (p) was greater thad3.All these statistical analyses estimated paréal
using SPSS statistical (Version 7.5 Windows XP,SBEd Chicago, IL, USA). These methods act as
an accurate tool to fully integrate a better expteom of the origin of groundwater contamination.

Water Quality Assessment: Finally, the studied variables were compared whlke maximum
permissible limits for drinking water Quality Staard of the World Health Organization (WH®)
India Standard for Drinking Water Specification :(IB0500§* and United States Environmental
Protection Act (USEPAY.

RESULTS AND DISCUSSION

Heavy metals concentration in overburden leach ateéfThe heavy metals concentration of the leach
ate samples collected from the over burden dump bdeen presented in Fig-1. The result of
overburden leach ate showed that the higher coratem of Mn and Fe. The concentration of Mn
varied from 1.125 to 1.326 mg/L, whereas conceptmadf Fe was varied from 0.956 to 1.052 mg/L
(Fig. 1). The concentration of Cu varied from 0.16%.121 mg/L and the concentration of Cu varied
from 0.086 to 0.095 mg/L. The similar results wesoaoticed bjthat the level of Fe, Cu, Ni and Mn
were found more in the leach ate water than thavmfvater. This leaching behavior of these metals
affects the ground water quality because no premasigt the initial level have been taken to priotec
the ground water zone beneath the overburden duemhpthe experimental site. It may also
contaminate the ground water sources in nearbygarea

Heawy metals corcertration inlead ete sanpe Heavy etals concertration in Gourd water
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Fig. 1. Heavy metals concentration in overburden Fig. 2: Heavy metals concentration in
leach ate groundwater
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Table- 1: Pearson Correlation matrix of heavy metals conadéiptr in overburden leach ate

Co Cu Ni Fe Mn Zn Pb
Co 1 .856 981 | -427 | -432| -354 -.410
Cu 1 .868 -709| -008 -688 -.369
Ni 1 -431 | -468| -357 -.566
Fe 1 -553| .992 243
Mn 1 -.637 444
Zn 1 .164
Pb 1

** Correlation is significant at the 0.01 level (2tailed).

Table- 2: Heavy metals concentration in groundwater witindéad values

Heavy Unit Range Avg. value+SD | 1S:10500 | WHO USEPA

metals (2009) (2011) (2002)
Co mg/L | 0.015-0.025 0.0269.00336 NM NM 0.01
Cu mg/L | 0.019-0.036| 0.02820.00555 0.05 2.0 1.3
Ni mg/L | 0.018-0.031| 0.02230.0038 NM 0.07 NM
Fe mg/L | 0.606-0.792| 0.69350.0625 0.3 NM 0.3
Mn mg/L | 0.669-0.812| 0.7403:0.04638 0.1 0.4 0.05
Zn mg/L | 0.123-0.192| 0.153:0.02044 5.0 3.0 5.0
Pb mg/L | 0.007-0.018 0.0125-0.00696 0.05 0.01 0.015

*NM = Not mentioned

Sources: IS: 10500, India Standard for Drinking Water Speciication. 2009.; WHO (World Health
Organization). 2011; USEPA (United States Environmetal Protection Act). 2002.

Table- 3: Pearson Correlation matrix of heavy metals coneéiotr in groundwater

Co Cu Ni Fe Mn Zn Pb
Co 1 718 .386 -.299 -.023 160 .028
Cu 1 .228 -.072 -.189 -.005 -.006
Ni 1 427 276 -217 514
Fe 1 435 -.562 556
Mn 1 -.051 .906
Zn 1 -.057
Pb 1

* Correlation is significant at the 0.05 level (2-diled);
** Correlation is significant at the 0.01 level (2tailed).
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The concentration of Co, Cu and Zn was found tbddew permissible limit in groundwater samples.
The metals Pb and Ni are characterized as toxicf@ndrinking water. The concentration of these
metals was also found to be below permissible lianitl below detection limit in groundwater
samples. This likely indicates that these metalg bwabsorbed by the soil strata or by the organic
matter in soil.

Leach ate water were characterized from threestgb®pencast mine overburden dumps and found
higher level of Fe, Cu, Ni and Mn in the leach at&ter than that of top water and also noticed
leaching of Cu, Ni and Mn in the lower column ofteraof the same durp This leaching behavior

of these metals affects the ground water qualitys&ce of Fe in water can lead to change of ablor
groundwater. The higher concentration of Mn indésathat, the Mn ion may be abundant as dissolved
ions. The sources of Mn occurrence could be freenitbathering proce¥s

CONCLUSIONS

The results of the present investigations cledrbysed that the higher concentration levels of Md an
Fe were found in overburden leach stanples. In the present study the concentratioviroind Fe
also observed in groundwater samples above theabsilimit level recommended for the drinking
water quality standards. Concentrations of othetatedn most cases were found well within the
threshold values. The higher concentration of Mdicates that, the Mn ion may be abundant as
dissolved ions. Therefore, it can be concluded lwth atehas significant impact on groundwater
quality near the mining area. Although, the conaitins of few contaminants do not exceed
drinking water standard even then the ground watedity represent a significant threat to public
health. Some remedial measures are also recommémdtmp further groundwater contamination.
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