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Abstract

Gold mine poses environmental degradation due to high concentration of sulphates and metals contained

in the effluents. A bulk volume of acidic water is generated from mine working, waste rock piles and

tailing. Disposal of acid mine drainage before treatment poses a direct threat to drinking water,

agriculture, vegetation, wildlife and waterways. This study addressed this issue by harnessing the

metabolism of sulphate reducing bacteria, with ability to reduce sulphate, precipitate metals and produce

carbonate which neutralizes acid and sulphide and chemically stabilizes toxic metal ions as solid metal

sulphides. The study focused on treatment of Acid Mine Drainage (AMD) from Rosterman abandoned

gold mines currently exploited by artisans. Anaerobic bioremediation was used to decontaminate AMD.

Sulphate reducing bacteria were isolated from facultative pond of domestic wastewater treatment and

inoculated in different batches. The physical conditions in each batch were controlled in order to get the

performance of these bacteria on AMD in space and time. Three-way ANOVA was used to assess the

differences among various variables; time, dilution and substrates. The results collected using Atomic

absorption spectrophotometer for metal analysis, UV-Visible spectrophotometer for sulphate analysis,

showed that bacteria used to detoxify AMD were able to reduce sulphate, precipitate metal and raise the

pH from 3 to 6. Compared to control treatments, Cu, SO4, Zn, Fe and were reduced by 72%, 65%, 59%,

36% and respectively thus following Cu>SO4>Zn>Fe in effectiveness. The results of this study are

beneficial in treatment of wastewater containing sulphate and metals from different sources. It also

reduces the land and time usually required in other methods of acid mine drainage treatment.

Recommendations are made for integration of municipal wastewater and acid mine drainage treatment.

Key Words: acid mine drainage (AMD), sulphate reducing bacteria (SRB), substrates, bioremediation,

gold mine.

1. Introduction

Mining operations have been seen by

environmentalists and conservationists alike as

causing environmental pollution. Mining is only

a temporary occupier of the land surface and,

hence, is of a transient nature. Although active

mines at any particular time are not as

widespread as other land uses, they dramatically

change the landscape and tend to leave evidence

of their past use. Thus, results of abandonment

or closure become most conspicuous to the

general public (Sengupta, 1993).

Artisanal mining, as practiced in western Kenya

has the simplicity common to all small-scare

mining operation in developing countries. In

Kakamega it is estimated that over 3000 people
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are involved in mining (Gok, 2002). Miners on

public land are usually open to anybody, thus

there is often an influx of artisanal miners in

such areas. However, where a mine occurs on

private land, the owner can exploit it personally

or lease out to a group of miners, or more often

team up with them (Neyole, 2005).

AMD, is a major environmental hazard that

affects aquatic ecosystems around the world. It is

formed when pyrite and other mineral sulphides

are exposed to air (oxygen) and water (Lippman,

2000). The bacterially and/or chemically-

catalyzed oxidation of the pyrite releases ferrous

iron (Fe2+), sulphate and hydrogen ions (H+).

The ferrous iron can then further oxidize to ferric

iron (Fe3+), which then may hydroxylated

resulting in the precipitation of ferric ox

hydroxide, producing more hydrogen ions.

Ferric iron also can oxidize more pyrite,

resulting in the formation of still more hydrogen

ions (William, 2001).

Application of bioremediation in this case can be

identified as potentially valuable process for

restoring environment stressed by contaminant.

This study was aimed at identifying effective

natural bacteria that can remove sulphates and

metals from AMD, and thus contribute to

environmental restoration in the study area.

The study was guided by the following general

objective of assessing the impact of mixture of

sulphate reducing bacteria on concentration of

metals, sulphate ions and the pH in acid mine

drainage in Rosterman, Kakamega, Kenya. The

specific objectives were the establishment of the

extent sulphates and metal contamination within

AMD in Rosterman which is an abandoned mine

with moderate artisanal mining

activities, to assess the impact of mixture of

sulphate reducing bacteria from sewage on

metals, sulphate and pH in acid mine drainage,

and assess the effects of different substrates on

the impact of mixture of sulphate reducing

bacteria from sewage on metals and sulphate in

acid mine drainage.

The major hypotheses were:

Ho: Sulphate reducing bacteria isolated from

their natural habitat have no effect of reducing

sulphate and metals and raise pH in Acid Mine

Drainage.

Ho: Varying substrates does not affect the

impact of Sulphate reducing bacteria isolated

from their natural habitat on contaminants in

acid mine drainage

2. Materials and methods

2.1 Study Area

The study site, Rosterman goldmine, is located

at 0o 15′ 22″ North and 34o 43′ 90″ East (Figure

1) with an altitude of 1,470m within Kakamega

District which boarders Butere-Mumias and

Bungoma Districts to the west, Lugari District to

the North, Vihiga District to the south and Nandi

District to the East (GoK, 2002)

2.2 Physiography

Two major rivers drain the area River Yala,

which emanates from the Nandi hills, flowing

westwards, cutting through the southern part of

the district and Isiukhu River, which flows

through the central part of the district and joins
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Figure 1: Map of the larger Kakamega District showing the Kakamega Municipality and the

location of the study area. (Source: Moi University GIS Lab).

River Nzoia in the west. There are many

tributaries and rivulets to the rivers resulting in a

dentritic pattern of drainage.

2.3 Equipments

The equipments used were: pH meter (model

Interest Benelux memmert) used to measure pH,

incubator (model Interest Benelux memmert)
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used to keep inoculum in suitable temperature,

vacuum pump (model kit Neuberger Labopart)

used in filtration of culture medium, weighing

balance (analytical balance model Interest

Benelux Memmert) used to measure required

quantity of reagents. Others included oven used

to control temperature for medium preparation,

hot plate for reaction, magnetic stirrer used to

homogenize solutions, spectrophotometer (UV

visible) used to measure the absorbance of

sulphate in a sample, Stopwatch used to measure

the required time for reaction, and Atomic

Absorption Spectrometer (model Varian,

German) to analyse the metals. In addition

glassware was also used.

2.4 Sulphate reducing bacteria isolation

a) Preparation of sulphate reducing bacteria

identification medium

The medium was prepared by mixing 3.5 g

sodium lactate, 1.0 g beef extract, 2.0 g peptone,

2.0 g magnesium sulphate, 1.5 g sodium

sulphate, 0.5 g potassium hydrogen phosphate,

0.10 g calcium chloride and distilled water into a

1000 ml flask. The mixture was dispensed into

screw-capped test tube of 20 ml each after

adjusting pH to 7, and sterilized by boiling them

in water for 20 min. Care was taken to ensure

that the tubes were completely filled with the

medium prepared in a flask to fill test tube. Each

time before inoculation afresh prepared solution

of ferrous ammonium sulphate (3.92 g/100 ml)

and sodium ascorbate (1.00/100 ml) were

prepared and sterilize by filtration through a 0.45

µm membrane filter, and followed by adding

aseptic 0.1 ml to each solution/10 ml of basal

medium.

b) Isolation of sulphate reducing bacteria

Sulphate reducing bacteria were isolated by

inoculating into 11 test tubes with a mixture of

bacteria and the test tubes were filled completely

with sterile medium to create anaerobic

conditions. For comparative purposes,

incubation of 4 uninoculated controls with each

set of inoculated tubes was done. One litre of

sewage sample was filtered using a 0.45 µm

membrane filter and this transferred to screw-

capped test tube containing medium. Inoculates

were kept in incubator at range temperature of

20 and 30oC to allow maximum growth of

bacteria.

c) Identification of SRB

The presence of sulphate reducing bacteria was

showed by blackening precipitates in the test

tube from 4th day of incubation at 200 to 30oC.

The sulphide is formed from sulphate reduction

and the ferrous iron to form black insoluble

ferrous sulphide. This blackening served as an

indicator of the presence of sulphate reduction.

2.5 Preparation of acid mine drainage

treatment

The preparation of AMD treatment consisted of

filling twelve plastic containers of one litre with

AMD from Rosterman gold mine and addition of

a carbon source (substrate), a bacterial culture,

and inserting a dried stick as a growth substrate.

The control reactors contained only AMD,

substrates and stick. The stick was added at thee

initial stage of experiment as an intended support
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for the bacteria to grow on, while the manure,

tree leaves, and sawdust were intended to

provide a source of organic carbon for the

bacteria.  The stick was soaked in water for two

weeks in order to leach out as much carbon as

possible, thereby making their contribution as a

carbon source negligible. Lastly the inoculums

of bacteria mixture were added to each set of

treatment except the control sets.

The reactors were stored in covered, insulated

cupboard to keep temperature fluctuation to a

minimum and to keep out light. This helped to

approximate actual mine shaft conditions.

2.6 Sample analysis for sulphate, metal and

pH

One of the AMD samples was analyzed for

sulphate, metal and pH as explained below.

Analysis of test sample began after one week. A

5 ml aliquot sample was removed by decantation

from each treatment bottles using 100 ml plastic

container. The samples were analyzed for

sulphate, iron, copper and zinc, and pH. The

same process was followed after two weeks and

four weeks. Sulphate measurements were

analysed using UV-visible spectrophotometer.

After every sampling, reactors were purged of

oxygen with nitrogen gas in order to ensure that

anoxic condition typical of an actual mine shaft

is maintained.

2.7 Sulphate Analysis

Buffer solution preparation

The buffer solution was prepared by dissolving

30 g magnesium chloride, 5 g sodium acetate,

1.0 g potassium nitrate and 20 ml acetic acid in

500 ml distilled water and made up to 1000 ml in

a flask of 1 litre.

2.8 Standard sulphate solution

Standard sulphate solution was prepared by

weighing 0.1479 g of anhydrous sodium

sulphate into 100 ml volumetric flask (Eaton et

al., 1995). Distilled water was added while

stirring until it dissolved. The solution was then

filled to the mark with distilled water.

3. Results and discussion

Quantity Of Sulphate, Metals And pH In

Amd

The parameters sulphate, pH, copper, zinc and

iron were measured from a sample of AMD and

the mean concentrations before and after various

dilutions were found to be: SO4
2-: 2456.67 ppm,

Cu: 49.26 ppm, Zn: 14.23 ppm, Fe: 109.23 ppm

for undiluted sample, SO4
2-: 1621.33 ppm, Cu:

32.06 ppm, Zn: 10.56 ppm, Fe: 75.06 ppm, for

0.75 AMD and SO4
2-:1295.33 ppm, Cu: 21.10

ppm, Zn: 7.9 ppm, Fe: 55.98 ppm for 0.5 AMD.

The AMD was generally acidic with pH ≈ 3.

This is significantly below the WHO

recommended pH of 6.5 to 7 for natural water

(WHO, 1996). This is as expected for AMD

since according to GoK (2002) the geology

around Rosterman is associated with massive

sulphide mineralization. Mining activity may

cause formation of AMD once tailings come

onto contact with water in presence of oxygen,

leading to low pH.

Sulphate concentrations in the raw and diluted

AMD samples were significantly different (p <

0.05) compared to WHO standards in



East African Journal of Science and Technology, 2013, 2(2):62-75 www.eajst.inilak.ac.rw

67 www.eajst.inilak.ac.rw ISSN 2227-1902 (Online version) eajscience@gmail.com

uncontaminated water. The high sulphates may

be attributed to sulphide minerals associated

with gold mines.

The concentrations of the metals Cu, Fe and Zn

were also elevated compared to the WHO

standards for natural uncontaminated water. The

concentrations remained significantly higher

than the WHO standard even after 50%

dilutions. Disposal of this wastewater to surface

or into the water bodies would cause pollution.

Cause of AMD in abandoned gold mine in

Kakamega

Acid Mine Drainage occurrence in Rosterman –

Kakamega gold mine is due to geological and

mineralogy feature. According to GoK (2002)

Kakamega district has formation of Nyanzian

system associated with gold bearing auriferous

quartz vein and placer deposit. It is also

associated with base metals and massive

sulphide mineralisation; therefore any mining

activity can cause formation of AMD once

tailings come onto contact with water in

presence of oxygen.

The second cause is that, artisanal gold mining is

another alternative livelihood in Kakamega since

according to Dose (2008), 80% of the population

live in rural areas, and 62% of all households

generate their income from agriculture. The

district suffers from demographic pressure and

an additional, 11% is covered with (gazetted)

forest, an extension of cultivated areas seems

impossible. This fact combined with the

district’s poverty rate of 52% what show

importance of exploring gold mining as a way of

securing household income.

Finally the process of bioleaching used by

artisans to recover gold also enhances the

formation of AMD. The artisan gold miners trail

the wastes of abandoned gold mines by exposing

them to the air, Thiobacillus ferrooxidant

bacteria and water (Barry et al. 1992). This

activity is done continuously because sluice

tailing are dumped on site or resluiced for

maximum gold recovery. The mats also used to

recover gold are washed in nearby water. All of

these activities contribute to the formation of

AMD in this area which raise SO4 and

dissolution of other metals.

3.2 Treatment of AMD by SRB

Results showed that Cu, Zn, Fe and sulphate

concentrations were reduced after treatment with

sulphate reducing bacteria in the different

reactors. Statistical ANOVA showed that the

concentration reductions in each case after

treatment with SRB were significant (P < 0.05)

compared to the control samples. There was

reduction of the concentration of Cu, Fe, Zn and

Sulphate during the experimental period. Rate of

the reduction was higher in the medium with the

lowest concentrations. But in the raw sample,

treatments were slow because of high

concentration of elements. Compared to control

treatments, Cu, Zn, Fe and SO4 were reduced by

72%, 59%, 36% and 65% respectively thus

following Cu>SO4>Zn>Fe in effectiveness while

pH rose. However, the various variables had

specific responses and they are discussed

separately as hereunder.
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Figure 2: Mean concentration of four elements for different dilutions after 30 days of treatment.

Copper

As illustrated in Figure 2 and Figure 3, reduction

of Cu concentrations varied with time, dilutions

and substrates. For example, dilutions 0.5 and

0.75 in manure substrates achieved

concentrations below 10 ppm Cu within two

weeks but the other treatments achieved it much

later. Statistical ANOVA showed that the

variations were significant (F = 54.89, df = 143,

P = 0.00). Tukeys Post hoc analysis

heterogeneity showed grouped 0.5 dilutions and

0.75 dilutions, which were significantly lower

than the raw sample. This shows that the 0.5

dilution and 0.75 dilutions in substrates medium

provided optimum conditions for faster

precipitation of copper from supernatant

Sulphate reducing bacteria oxidize simple

organic molecules using the sulphate ion as an

electron acceptor. This process produces

hydrogen sulphide (H2S) and the bicarbonate ion

(HCO3
-). Hydrogen sulphide readily reacts with

metal ions to immobilize the metals as insoluble

metal sulphides, while the bicarbonate ions

buffer the pH to significantly higher levels.

Thus, sulphate is removed as H2S gas and

immobile metal sulphides, metals are removed

as metal sulphides, and pH is raised, improving

water quality. In order to maintain bacterial

metabolism, the bacteria must be given both an

organic carbon source (as food) and some

growth substrate for attachment (the bacteria

cannot survive in open water) (Kuenen and

Robertson, 1993)
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Figure 3: Temporal changes in the concentration of Cu under different dilutions and different

substrates

Figure 4: Temporal changes in the concentration of Zn under different dilutions and different

substrates
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In the control sample, the effects of manure and

sawdust interacted in the interval between 0 and

one week, indicating that both were depending

on time. Bacteria in manure and sawdust were

operating in the same conditions as the

concentration of Cu in two reactors was around

40 ppm. Other dependence happened around

14th day where the concentration of Cu in

presence of manure and sawdust was almost 45

ppm. In raw sample all the substrates Cu had the

same concentration of 20 ppm after 7 days. In

general dependence reduced in the 0.75AMD

and 0.50 AMD dilutions.

The reduction of copper from the supernatant in

the reactors for example in 0.5 AMD dilution is

attributed to the precipitation of copper sulphide

(CuS) out of solution since it was reduced at

72%. Sulphide produced by bacterial metabolism

spontaneously bonds with available metal ions in

solution. However, metal bonded first was

determined by the solubility product (Ksp) of the

metal sulphide precipitate (Luoma 2008). For the

three metals most commonly found in AMD

(iron, zinc, and copper) copper has by far the

lowest sulphide solubility product 8.5×10–45 at

180C.

Zinc

As illustrated in Figure 4.4, reduction of Zn

concentrations varied with time, dilutions and

substrates. For example, dilutions 0.5 and 0.75 in

manure substrates achieved concentrations

below 10 ppm Zn within two weeks but the other

treatments achieved it much later. Statistical

ANOVA analysis showed that the variations

were significant (F = 30.6, df = 143, P = 0.00).

Tukeys Post hoc analysis heterogeneity showed

grouped 0.75 dilutions and 0.50 dilutions that

were significantly lower than the rest. This

shows that 0.50 dilutions and 0.75 dilutions in

manure substrate medium provided optimum

conditions for faster precipitation of zinc from

supernatant.

In the control sample, the effects of sawdust and

tree leaves interacted in the interval between 0

and one week, indicating that both were

depending on time. Substrates; in control sample

there was interaction between manure and

sawdust in the interval of 0 and 7 days, where

manure and sawdust were operating in the same

conditions as the concentration in the two

reactors varied from 15 to 9ppm. A great

difference occurred in raw samples within

interval of 7th and 14th day, where all

concentrations increased in all reactors due to

the depletion of carbon source, it is after the

addition of carbon source the concentration

decreased, the concentration was around 7 ppm

in all reactors at the end of treatment.

Dependence continued in the 0.75AMD between

manure and tree leaves around 14th day

concentration in both rectors was 7 ppm,

between manure and sawdust around 30th day

where concentration was 3 ppm. In general

dependence reduced in the 0.50 AMD dilutions

except around 30th day where manure and

sawdust reactors operated in the same conditions

with concentration of 2 ppm.
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Zinc sulphide, which has a slightly higher

solubility product 1.2×10–23 than copper sulphide

precipitated out of supernatant in all reactors.

The rate of precipitation of copper was higher

than zinc because copper was higher than zinc in

concentration (49.26 ppm of Cu against

14.23ppm of Zn). Presence of carbon source

enhances the process of zinc reduction. So

within the period from 14th to 30th day zinc was

considerably reduced and efficiency of reduction

was 59%. Zinc dropout in the reactors after the

second carbon addition indicates that the reactors

may have reached a stagnation point due to

carbon limitation. Therefore, the addition of

more carbon seems to have spurred more

sulphide production which led to ZnS

precipitation and subsequent reduction of soluble

zinc out of supernatant.

Iron

Figure 5 illustrated the variation of Fe

concentrations with time, dilutions and

substrates. Iron concentrations in the batch

reactors behaved markedly more different than

zinc or copper concentrations. Throughout the

experiment, the control reactors exhibited a

slight decline and dependence in iron

concentration while concentrations in all

experimental reactors remained relatively

constant.

Statistical ANOVA analysis showed significant

variations between different reactors (F = 40.2,

df = 143, P = 0.00). Tukeys Post hoc analysis

heterogeneity showed that control experiments

were significantly lower than raw sample 0.75

AMD and 0.5 AMD. This shows the difference

from diluted samples whose substrates were

added for favourable conditions of treatment.

The solubility of ferrous iron occurs in the pH

range of 9.3 to 12.0. Ferric iron is much less

soluble and begins to precipitate as hydroxide at

a pH of 4.0, with minimum solubility occurring

at about pH 8.0. This is the reason of variation of

Fe concentration within treatment.

In the control sample, the effects of manure and

sawdust interacted in the interval between one

week and two weeks, indicating that both were

depending on time; the two substrates were

operating in the same conditions as the

concentration in two reactors was around 70

ppm. There was also interaction between manure

and tree leaves where concentration was also 70

ppm the difference with the former is the time.

In raw sample interaction of substrates effect

happened between tree leaves and the rest only.

Although there was remarkable interaction in the

0.75AMD and 0.50 AMD dilutions, the result

was still the same as the first time of treatment.

Iron, whose sulphide has by far the largest

solubility product 3.7×10–19 at 180C, showed no

significant reduction during the experiment.

Iron levels in the control reactors showed a

decrease over the course of the experiment;

while remaining at stable level in the

experimental reactors. The overall efficiency of

iron ion reduction from supernatant was 36%.

This can most likely be attributed to the limited

dissolved oxygen levels in the different reactors.

In the controls, where the reactors were aerated
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Figure 5: Temporal changes in the concentration of Fe under different dilutions and different

substrates

Figure 6: Temporal changes in the concentration of SO4
2- under different dilutions and different

substrates
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and without bacterial, iron oxide formed and

precipitated out of solution, causing a decrease

in soluble iron. Iron oxide readily forms in the

presence of oxygen, while copper oxide and zinc

oxide form less easily, resulting in a decrease in

iron without a decrease in either of the other

metals (Sengupta 1993).

Sulphate

As illustrated in figure 6, sulphate concentrations

varied slightly over the course of experiment.

For example, raw sample and 0.75AMD in

manure and sawdust did not achieve 500 ppm

(WHO, 1996) at the end of the treatment. It is

only in 0.50 AMD where the concentration was

lowered to below 500 ppm. Statistical ANOVA

analysis showed that the variation were

significant (F = 156.01, df = 143, P = 0.00).

Tukeys Post hoc analysis heterogeneity showed

those 0.5 dilutions and 0.75 dilutions that were

significantly lower than the raw sample. This

shows dilution of 0.5 dilutions in substrates

medium provided optimum conditions for faster

precipitation of sulphate from supernatant.

According to Brock and Madigan (1991) in their

study on Microbiology, have shown that living

matter could reduce sulphate to sulphide under

anaerobic conditions and produce sulphide that

react with a certain amount of metals present

together with the sulphate. These metals react

with the dissolved sulphide to form highly

insoluble metal sulphides, so sulphates are

reduced from supernatant.

HS- + Me2+ → MeS + H+

Me2+ can for example be copper, zinc etc.

In the control sample, the effects of manure and

tree leaves interacted in the interval between 0

and second week, indicating that both were

depending on time, although the reduction of

sulphate from supernatant was the same

throughout the experiment. Manure and tree

leaves were operating in the same conditions as

the concentration in two reactors was around

2400 ppm, and other dependence happened

around 14th day where the concentration in

manure and sawdust was around 2300 ppm. In

raw sample all the substrates showed reduction,

dependence occurred between tree leaves and

manure at the end of experiment where

concentration was 1300 ppm. Dependence in the

0.75AMD was between sawdust and tree leaves

only. For 0.50 AMD dilutions, it a little variation

occurred where concentration in tree leaves

reactor increased but fell at the end of treatment.

In this reactor dependence was absent.

Sulphate result for the bioremediation

experiment showed slight variation from the

controls sample throughout the experiment. The

high reduction happened in 0.5 AMD where

70.34% was reduced, and the overall efficiency

of reduction was 65%. The concentration of

sulphate in the reactors was higher than that of

the metals, a large reduction in sulphate

concentrations would not be expected through

precipitation alone. Some sulphate was removed

by reduction to H2S. Carbon was the limiting

factor in the SRB metabolism and therefore

sulphate could never be completely removed.
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For example in 0.50 AMD toward 14th day, there

was an increment of sulphate due to carbon

limitation, but after addition of carbon source

reduction continued.

pH

Finally, pH levels in all experimental reactors

rose from an initial value of 3 over the course of

the experiment while the control reactors

remained constant. In the case of the tree leaves

and saw dust blocks, they showed the highest

increase. pH levels rose up to 5.5 at the end of

the experimentation. Post hock analysis

expressed that control sample showed the lowest

value of pH while in others the difference was

significant compared to the control

The pH levels recorded during the study indicate

that SRB metabolism can cause a rise in pH.

Acidity was reduced in all experimental reactors

especially for 0.75 AMD and 0.5 AMD, due to

the production of the buffering bicarbonate ion

from bacterial metabolism. In all the samples,

pH was raised close to 2 unities which show the

success of this experiment.

4.0 Conclusion and recommendations

In the view of these findings the study concludes

that the mixture of sulphate reducing bacteria

isolated from their natural habitat has the impact

on concentration of metal, sulphate ions and the

pH in acid mine drainage from goldmine of

Kakamega provided optimum conditions are

present. This means that biological sulphate

reduction is only possible if suitable electron

donor (carbon source) is present, in this study

the preferred carbon source were; manure,

sawdust and tree leaves. Metabolism of SRB in

the presence of carbon source (substrates),

sulphate and metal in reactor, cause the releases

of electron from substrate which bound with

sulphate and becomes sulphide by the reaction of

reduction, this free sulphide bonds with the free

toxic metal in AMD and  all settle or precipitate

on the bottom of rector, so toxicity is reduced.

For complete removal of all contaminants using

this technique, coupling it with aeration for

removal of iron as ferrous and ferric oxide and

other elements like aluminium that precipitate at

high pH should be done.

Basing generalisations on the findings of this

study, the study recommends that

1. Sewage and other reduced media are the

natural habitat of sulphate reducing bacteria,

mining area is also the major source of

water contamination by metals dissolution

therefore in controlled condition (anaerobic)

sewage can be channelled to the mining

areas to decontaminate acid mine drainage,

using bioengineering remediation.

2. Exposure assessment on toxicity of AMD

and assessment of these results using

biomarkers to see if toxicity was reduced as

well. This is urgent considering

vulnerability of natural ecosystem

contamination and degradation, and will

also help in decision making with regard to

balancing mining development and

conservation of biodiversity.

3. Further research, which might include a

more large scale model of a potential
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remediation system, is required to determine

whether this technique of AMD remediation is

feasible.
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