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ABSTRACT 
Acid mine drainage (AMD) or Acid rock drainage (ARD) from mining industry poses worldwide severe 

environmental problems including India also. In this study, heavy metal removal was tested in AMD samples 

collected from the Gorbi abandoned coal mine (India), having iron concentrations of 75 mg/L. Sandstone was 

collected from mine sites and converted into powders form and used as low-cost adsorbent in a column to treat acid 

mine drainage (AMD) obtained from the inactive Gorbi opencast coal mines (Singrauli coalfields, NCL). The pH 

value of the pit water sample improved from 2.48 to 3.90, along with the removal of, 100 % total iron, Lead (Pb), 

Cadmium (Cd), 71% of the electrical conductivity, 73% total dissolved solids and 50% of the salinity. 
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INTRODUCTION 
Many active and abandoned mines all over the world are incessantly releasing acid mine drainage into 

surface and ground water resources.1- 3Acid mine drainage is also known as acid rock drainage had the 

severe effect on the mining based nation all over the world. Its generation will start with initial stages of 

mining operations and sometimes continues for a very long time even after mine closures4, until famous 

anyone member (i.e. water, air, and pyrite) absent from the generation site. Acid mine drainage has been 

generated in open pits workings spoil heaps, mine tunnels, waste rock piles5, tailings ponds or mineral 

stockpiles.6 The generation of AMD and its impacts depended on many environmental factors and 

presently it is increased by the defective management of different mining7 and industrial activities. The 

primary sources of AMD generation are mainly pyrite and pyrrhotite8, presence in coal. Coal deposits 

contain 1-20% amounts of pyritic-sulfur and these strata normally establish with the coal, which exposed 

to water and oxygen9. The oxidation process may be also influenced by some bacteria present in the 

system from small to large scale by accelerating oxidation of sulfides.10 The geological and hydrological 

condition of the sites of the strata is also critical for acid mine drainage generation.  

Mining effluents are characterized by low pH 11-14 high acidity, turbidity, total dissolved solids and high 

metal contents15-17 with high concentrations of iron. These metals leads to decline in concentration of 

dissolved oxygen (DO) in the water resources18 a combination which occur that in several cases, mining 

effluents cause severe environmental nuisance such as poisoning of aquatic organisms and acidification1 

with the harmful impact on human health, animals life, plants, vegetation, and natural ecosystem19-20, soil 

quality21-22 and corrosion of many mining tools and structures23 surrounding mining areas. Some 

technologies are available for treatment of acid mine drainage24-25 and industrial wastewater. Amongst 

them, few traditional worldwide processes are precipitation26-28 ion exchange,12,29-30ultrafiltration,3-

32,reverse osmosis,5,33-34 nanofiltration,35 electrodialysis,36-37coagulation,38-41flocculation,42-44 flotation,45 

electrochemical process,46-47and Adsorption.48-51 However, out of above technology, some have 

disadvantage like, production of secondary waste (sludge), toxicity, high operation and maintenance 

costs, skilled personal requirement, reduced efficiency, required excess land and expenses  for treatment 

and management of acid mine drainage, which bound the use of the majority of developed technologies.52-

54 However the adsorption process relatively appears to be a suitable method for treatment of acid mine 
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drainage mainly due to its  advantages, likes ease in design and feasibility in  operation, economically 

cheaply, easily available adsorbent materials.54 

 

EXPERIMENTAL 
Material and Methods 

A sample of acid mine drainage was collected from ditches of Gorbi abandoned mine NCL India. These 

abounded mine sites contain the massive quantity of mine water. The pH of collected AMD was 2.48. The 

sandstone used in this study was obtained from the mine site and crushed in a ball mill and sieve 150 µm 

sizes, in the departmental laboratory. The XRF analysis shows that the chemical composition of the 

sandstone as follows, Silica (SiO2) 67.87 %, Alumina (Al2O3) 25.43%, Ferric oxide (Fe2O3)2.27%, 

Calcium oxide (CaO) 1.70%, Titanium dioxide (TiO2) 0.086%, Potassium oxide (K2O) 0.560%, and 

Nickel (II) oxide (NiO) 0.212%. 

 

 Methodology 
The water sample was collected from the largest inactive opencast coal mine pit, (Gorbi, Singrauli, India). 

The raw water sample was collected in twenty, 20 L clean plastic gallons, which were carefully washed 

with raw water sample before starting water sampling (acid mine drainage) from mine sites. The values of 

pH, TDS, EC, and temperature were measured in situ using a Hanna multi-parameter (HI 9828), pH 

meter. The continuous flow experiments were conducted in a prefix circular column with an external 

diameter of 25 cm and 60 cm in height. At the bottom and top of the column, fine meshes of plastic were 

attached, followed by glass wool. 

Inside in the column 1 cm, deep layer of small size glass beads was placed both the top and bottom 

portion to provide regular inlet flow of the water sample into the column. The column was then packed 

with 6.0 kg sandstone in layers and operated in downward flow at room temperature. Every day, 4500 mL 

water sample was passed through the sandstone column in flow rates of 1500 mL/hr., so that in a month, 

135L of water sample had been passed through it. This experimental study was continued for more than 

two months, during which time, a total of 400 L of water sample (acid mine drainage) was passed through 

the sandstone column. Periodically samples were collected from the column outlet at regular time 

intervals and analyzed for physical parameters like pH value, temperature, electrical conductivity (EC), 

total dissolved solids (TDS), salinity and heavy metals. 

 

 
 

Fig.-1: The pH value of mine water after treatment through sandstone column 
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Fig.-2: Removal of TDS from mine water after treatment 

 

 
Fig.-3: Removal of electrical conductivity from mine water after treatment 

 

RESULTS AND DISCUSSION 
Water samples were collected from the inactive pits of Gorbi opencast coal mine. The water sample had 

the initial primary pH level of 2.48. Water sample passed through the sandstone column since the 

sandstone is alkaline in nature; the resulting water has high pH value of the water sample. Removal 

capacity of heavy metal and decrease in leachate pH was observed. The water sample of  pH value  3.90 

was established after 80 days of sample (AMD) treatment (Fig.-1); after 80 days the increase in pH attains 
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a saturated value of 3.90.The pH value of water sample was improved due to the composition of the 

sandstone (SiO2+Al2O3 + Fe2O3) and the calcium content.55 This increases the pH value of the solution. 

The water sample had initial electrical conductivity (EC) of 2400 µS/cm, at the starting of the treatment. 

The electrical conductivity of the treated water sample was reduced (Fig.-3), at the end of the 

experimentation, to 700 µS/cm. This was almost 71% of removal of initial Electrical Conductivity of the 

water sample, which shows the elimination of metals from mine water sample. The initial concentrations 

of total dissolved solids, 1450 mg/L was and salinity1.12 PSU in the raw water sample. When the water 

sample was passed through the sandstone column, the total dissolved solids and salinity are subsequently 

decreased from the sample water (Fig.-2 and 4) to 390mg/L and 0.6 PSU respectively. The sandstone 

column was found to be extremely useful in eliminating toxic heavy metals from the AMD, 100 % of  

iron (Fe), 100 % of the lead (Pb),100% of the cadmium (Cd) were removed after 60, 10 and five days of 

mine water treatment through sandstone column respectively (Fig.-5). The initial metals concentration in 

the raw water sample (acid mine drainage) was 75 mg/L iron (Fe), 00.066 mg/L lead (Pb), and 0.006 

mg/L cadmium (Cd).The main concentration was Iron (Fe) in the water sample. After passing the water 

sample through the sandstone column, the initial metals concentration of the raw water sample has been 

decreased to 0.00 mg/L Fe, Pb, and Cd mg/L. The treatment through sandstone column was very efficient 

due to the composition of sandstone dominated (67.87%) by silicon oxide (SiO2), (25.43%) Alumina 

(Al2O3), Ferric oxide (Fe2O3), (2.27%) and Calcium oxide (CaO) (1.70%), which provides better metal 

removal efficiency from metal-laden effluents.54-57 

 

 
 

Fig.-4: Removal of salinity after treatment 

  

CONCLUSION 
Sandstone obtained from the local (NCL) mining area was found to be useful for the removal of lead, 

Cadmium and total iron from the Gorbi opencast mine, effluents. The pH value of the raw water sample 

was improved from 2.48 to 3.90. The uptake of toxic heavy metals from water sample was found 100%  

total iron, lead, and cadmium with 71% reduction in electrical conductivity 73% TDS and 50% Salinity. 

The study results show that sandstone can be used as an economical material for the uptake of lead, 

cadmium, and total iron from mine water. A suitable field study is essential to estimate the relative 

economic treatment costs of both treatment process (active and passive) for the successful elimination of 

toxic heavy metals from the mining and industrial effluents. 
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Fig.-5: Removal of heavy metals from mine water after treatment 
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