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Introduction

- In the mines, run off water gets polluted by many reasons. During rainy
season the mine water generally mix up with the sulphides, particularly
iIron sulphides and form a yellowish coloured waste called acid mine

drainage (AMD).

- When air and water come into contact with pyrite (an iron sulfide), a
chemical reaction takes place for which pyrite form sulfuric acid and
dissolved iron. This happens when rainwater flows through the site.

- Water flowing through tailings, particularly through debris from mining
operations can cause acid mine drainage very easily. This acidic runoff
may also dissolve other heavy metals, viz. copper, lead, or mercury, even
sometimes arsenic when come in contact with it.




- The metals carried in the runoff may also be at toxic levels. Hence highly
acidic runoff not only poses a ground waste contamination problem but also
a threat to aquatic life. It also poses a great health risk to biosphere.

- There are various methods for treating and mitigating acid mine drainage,
Including active and passive procedures. In this paper, steps are taken to
add up alkaline agents to the water to increase the pH levels of this water.
Passive water treatment improves water quality without much of financial
Investments as the use of these chemicals are cheaply available in the
market. Some passive systems like the use of aerobic wetlands, limestone
drainage, or diversion wells have also studied. While these treatments are
promising, they have yet to be perfected or widely used.




Acid mine drainage:

- The main culprit seems to be iron pyrite (iron Il sulfide) widely
known as "fool’s gold". The level of acidity and the concentration
of heavy metal pollutants in the mine drainage can be directly
correlated to the amount of pyrite in the area around the mine.

- Chemical oxidation of pyrite described in the following reaction:

¢ 4F682(S) + 14O2(g) + 4H2O(|) -—-> 4F€2+ + 88042_(aq) + 8H+

(aq) (ag)

- Iron Il 1ons and acidic hydrogen ions are released into the waters
that runoff from the mine drainage tunnels or tailings piles. Iron Il
lons are oxidized to form iron 11l ions as shown in the following
reaction:

(aq)




- The 1ron Il 1ons now hydrolyze in water to form iron Il
hydroxide. This process releases even more hydrogen ions into the
aguatic environment and continues to reduce the pH.

- The iron 111 hydroxide formed in this reaction is called "yellow boy", a
yellowish-orange precipitate that turns the acidic runoff in the streams to
an orange or red color and covers the stream bed with a slimy
coating. Agquatic life that dwells on the bottom channel of the stream is
soon killed off. Eqgn. 3 describes this reaction:

¢ 4Fe3+ + 12 H20(|) -—=> 4F€(OH)3(S) + 12H+

(aq) (ag)

- Therefore, the concluing equation would be:

* 4FeS,) + 150, + 14H,0y ---> 4Fe(OH), + 850,74y + 16H"




Methods to deal with AMD: permeable
reactive barriers

- Permeable Reactive Barriers (PRBs) are exactly what they sound
like: barriers that react with specific chemicals of concern that are
placed in the path of groundwater flow allowing the water to flow
through easily (Blowes et. al, 2000).

- This method consists of installing an appropriate reactive material
Into the aquifer, so that contaminated water flows through the
reactive zone. The reactive material induces chemical
transformations that remove the contaminants or otherwise cause a
change that decreases the toxicity of the contaminated water.
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Fig 1: Diagram of constructed wetland passive treatment system




- This research has resulted in the development of contaminant removal
mechanisms for a variety of inorganics found in groundwater including
As, Cd, Cr, Cu, Pb, Zn, Se, phosphate and Acid Mine Drainage (AMD).
Current and past research in this field includes laboratory batch and
column experiments, pilot-scale field tests and full-scale reactive barrier
Installations (Pal and Tandia, 2007).

- The barrier is generally composed of solid organic matter, like municipal
compost, leaf compost, and wood chips/sawdust (Blowes, et. al., 2000).
Research has been done to evaluate the efficiency of using PRBs to
remove uranium contamination at abandoned mine sites; possible reactive
materials are zero-valent iron, bone char phosphate, and amorphous ferric
oxy-hyroxide (Naftz, et al., 1999).




Permeable Reactive Barner

Fig. 2: Permeable reactive barrier




- Although barriers often have very long theoretical treatment lifetimes when
only the material and the contaminants of concern are considered, actual

lifetimes are considerably shorter due to the presence of other reactive
substances in the environment;

- Chemical reactions can be slowed due to depletion of reactive component
of the barrier;

- Precipitation of a secondary reactive precipitate can reduce the reactive
surface area;

- Physical clogging or preferential path flow.




Sulfide Oxidation
FeS +7/20 +HO=>Fe +2S0  +2H

Iron Oxidation
Fe' +1/40 +5[2H O=> Fe(OH) +2H

Reactive
Barrier

Sulfate Reduction

So +FeS +2CHO => HS+ 2HCO
Fe +HS=>FeS +2H

Figure 3: Permeable Reactive Barrier for Treatment of As (Arsenic)
and Se (Selenium)




Laboratory Investigations

In common pH values of groundwater (pH = 4-8), arsenic exists as
As(lll) and As(V). The As(V) oxidation state hydrolyzes to form
negative oxyanions and As(l11) forms a neutral species. Trivalent
As Is more mobile than As(V) but both are transported in
groundwater.  The respective Eastern India and Bangladesh
drinking water limits are 25 mg/L and 50 mg/L. The most
persistent and mobile Se oxidation state is Se(VI) which also
hydrolyzes in water to form negative oxyanions. The drinking
water limits are set at 10 mg/L and 50 mg/L, respectively (Patel and
Pal, 2018).




Conclusion

Laboratory batch experiments have identified reactive mixtures that
successfully remove Se(VI) and both As(lll) and As(V) from
solution. These optimum reactive mixtures are then used In treatment
columns to demonstrate that removal is possible with typical groundwater
velocities. Reactive mixtures containing recycled foundry waste, elemental
Iron and activated alumina capitalize on the unique geochemistry of As and
Se for treatment. Surface analytical techniques are then utilized to
determine the exact mechanisms of removal. These laboratory
Investigations indicate that pilot-scale field installations are now possible for
the treatment of As and Se.
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