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Abstract

Mine wastewater usually requires treatment before it is discharged into the environment. Over the years, the volume and quality of wastewater generated and discharged into the environment by mining and minerals’ industries have remained critical issues due to the status of environmental standards and stringent discharge regulations. Coagulants used in mine wastewater treatment are often expensive and pose health risk to humans and the environment at large. Therefore, the use of natural substitutes which have low or no harmful effects in treating mine wastewater is considered an effective step towards protecting the environment. The effect of Moringa oleifera (MO) seed extracts as bio-coagulant in mine wastewater treatment was explored. The study was carried out using a conventional jar test apparatus with moringa oleifera seed extracts as coagulant at different stock concentrations (5, 10, 15 and 20 %). In each treatment (T1, T2, T3 and T4), 1000 mL of mine wastewater sampled from a large scale mine was contacted with 5-50 mL of MO for corresponding ten beakers. The results showed that addition of the bio-coagulant generally led to a significant decrease in the turbidity as well as the metal ions (Fe, Cu, Pb, Cd, Co, Mn, Zn, Ni and Cr) concentrations. Moreover, there was an increase in the pH of the wastewater. However, the bio-coagulant had two opposing effects on TDS and EC, which was stock concentration dependent. Overall, all the residual values for parameters measured were within (WHO) acceptable limit. These results suggest that moringa oleifera seed, a natural coagulant, is a viable substitute to synthetic and inorganic coagulants in mine wastewater treatment.
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1 Introduction

Water is needed for the survival of mankind, hence an essential part of life. Even though 80% of the earth surface is covered with water, less than 1% of it is available as fresh water, and this is not equally distributed worldwide (Bhatia et al., 2007). Sánchez et al (2010) reported that more than 6 million children die from water borne diseases such as gastroenteritis and cholera in developing countries each year, due to inadequate accessibility to safe drinking water.

Mining (both on large and small scale basis) by its nature involves the use of sophisticated machinery and processes that consume and can seriously pollute large volumes of water resources (Miller 1999). The potential for water contamination in the mine depends on several factors including the type of ore being mined, chemicals used in the mineral preparation and metal extraction process, life stage



of the mine and the environmental management practices in place (Amagloh et al., 2009). Currently, most mining companies rely on the use of synthetic coagulants in the treatment of mine wastewater. Gregory and Duan (2001) noted that the synthetic polymers (polyelectrolytes) used in mine wastewater treatment have advantages of reducing the amount of dissolved salts, less sludge production, no metal hydroxide precipitate, and

lower dosage requirement. However, further studies have also highlighted some health concerns about the use of synthetic and inorganic coagulants in the long term. For instance, Ghebremichael (2004) indicated that polyaluminium chloride (PAC), a metallic salt can induce Alzheimer’s disease. He further noted that monomers of some synthetic polymers have strong carcinogenic properties among others. In order to protect human health and the environment and to sustain the development of mining and minerals industries, attempts have been made to replace synthetic
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coagulants with better alternatives, preferably from natural and locally grown or harvested sources such as moringa.

Moringa oleifera (drumstick), a cosmopolitan tropical drought-tolerant tree, available throughout the year, is a potential bio-coagulant which has been well documented for its various pharmacological benefits (Amagloh et al., 2009). Moringa oleifera seed is an organic natural

polymer, which contains 1% active polyelectrolyte’s that aids in the neutralisation of colloidal particles (Bhatia et al., 2007). This cationic protein is a non-toxic natural polypeptide which can be used in the sedimentation of mineral particles and organics in the treatment of water (Mangale et al., 2012). Ghebremichael (2004) noted that the bio-coagulant (Moringa oleifera seed extract) is non-hazardous, low cost and is environmentally friendly. However, the use of moringa as a bio-coagulant in the treatment of mine wastewater is limited. Therefore, the need to research more into the applicability of moringa as a bio-coagulant in mine wastewater treatment is warranted.

2
Materials and Methods Used

2.1
Research Setting

The study was conducted at Veolia Ghana Limited (VGL), which is a subsidiary of a mother company, Veolia based in Paris. VGL specialises in solid waste, renewable energy and wastewater management. Veolia through its subsidiary has signed a contract to operate and maintain the existing water treatment facility at AngloGold Ashanti Iduapriem Mine within the Tarkwa-Nsuaem Municipality in the Western Region of Ghana. Tarkwa is located in the southwest of Ghana (approximately on longitude 2° 59'45" W and latitude 5° 17'42" N) and is 160 m above mean sea level. The town is about 85km from Takoradi, which is the regional capital, 233 km from Kumasi and about 317 km from Accra (Yakubu and Kumi-Boateng, 2011). It shares boundary with Wassa Amenfi East to the North and Ahanta West to the south.

2.2
Preparation of M. oleifera seed powder

M. oleifera seeds were carefully selected and sun-dried for a day (Figure 1). The seeds were then blended using a domestic blender to an approximate size of -600 µm, so as to achieve solubilisation of active ingredients in the coagulants (Asrafuzzaman, et al., 2011) (Figure 2.1B).




Figure 1
Moringa oleifera seed; (A) dried; (B) powdered
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2.2.1
Preparation of stock coagulant solution

50, 100, 150 and 200 g of Moringa oleifera seed powder were weighed into four 1000 mL beakers with a weighing balance. The powder was topped up to the graduated mark with distilled water to make 5, 10, 15 and 20 % suspensions, respectively. The suspensions were stirred for 25 minutes using a magnetic stirrer to promote extraction of the coagulant proteins. The suspensions were then passed through a muslin cloth, and the resulting supernatants were used as the coagulant solution. To avoid deterioration, the moringa oleifera seed extract stocks were stored in a refrigerator (Jahn, 1981).

2.3
Contacting of Mine Wastewater with Extracts

T1, T2, T3, and T4 corresponding to four different stock concentrations 50000, 100000, 150000 and 200000 mg/L, respectively, were contacted with mine wastewater. The coagulation experiment was carried out using mine wastewater sampled from a gold mining company in Tarkwa. A conventional jar test apparatus was used in the experiment to coagulate samples of wastewater using prepared coagulant (M. oleifera seed extract) solutions. Hach 2100AN turbidity meter was used to measure turbidity, Hach HQ440d multimeter was used to measure conductivity, TDS and pH. Varian AA240FS Atomic Adsorption Spectrometer was used to measure metal concentrations. Figure 2 is a simplified flow chart of the experimental approach.
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Figure 2
Research Flowchart
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2.3.1
Jar Test Procedure

The most used experimental method for coagulation process is the jar test (Adomako 2000; Akhtar et al., 2006; Ali et al., 2009; Hassan et al., 1997). A conventional Jar test operation using Moringa oleifera seed extract as a coagulant was carried out on mine wastewater, with a turbidity of 3820 NTU (Figure 3). Treatment of raw water using Moringa oleifera seed extract was done at four different concentrations, i.e., (50000, 100000, 150000 and 200000) mg/L. One litre of raw water was poured into six beakers and placed under a multiple stirrer. Dosing of raw water with coagulant solution was added at concentrations of 5 mL to 50 mL for corresponding six beakers at a constant pH of 9.48. The coagulant concentrations were added simultaneously. Coagulant dose in mg/L was calculated using the formula:

Dose (mg/L) = [(Dose (ml))/ (Volume of raw water (ml))] × Stocks concentration (mg/L)

The set up was mixed thoroughly at a speed of 140 rpm for 2 minutes, resulting in the total distribution of the cationic proteins in the coagulant solution to all parts of the liquid, which interacted with the negatively charged colloidal particles causing dispersed turbidity, this interaction disturbs the force that stabilises the particles hence causing aggregation of the colloidal particles, and 80 rmp for 2 minutes to promote effective flocculation of colloidal particles. After mixing, the flocs formed from the flocculation process were allowed to settle for 20 minutes (Figure 4). After settling, the supernatants were decanted and turbidity, hydrogen ion concentration, conductivity, and total dissolved solids were measured and recorded.
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Figure 3 Mine wastewater before treatment



Figure 4 Treated water
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3
Results and Discussion

3.1
Effect of M. oleifera Seed Extract on Turbidity

Figure 5 shows the results of coagulant dosage on the turbidity of mine wastewater. Generally, there was a drastic decrease in turbidity with regards to the various coagulant stock treatments. The initial turbidity of the mine wastewater was 3820 NTU, which was above the Environmental Protection Agency (EPA), Ghana limit of 300 NTU. It was observed that the turbidity of the mine wastewater after treatment decreased below the EPA acceptable limit with increasing coagulant dosage. Notably, treatment four (T4) recorded the highest turbidity reduction of about 99.2% (29.5 NTU). The results obtained indicate that, an increase in Moringa oleifera seed extract dosage, resulted in a slight increase in the turbidity of the mine wastewater after treatment. This may be attributed to the fact that, colloids within the mine waste water were neutralised and precipitated out at the optimum dosage with excess cationic proteins remaining in solution as they did not interact with oppositely charged particles (Hendrawati et al., 2016). Also, the increase in turbidity may be due to charge reversal resulting in re-stabilisation of colloidal particles.
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Figure 5
Effect of coagulant on turbidity
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3.2
Effect
of
bio-coagulant
on

wastewater
pH

The results of the effect of bio-coagulant on the mine wastewater pH are shown in Figure 6. The mine wastewater had initial pH of 9.48. Relative to the initial pH, there was a general increase in the pH values for all the treatment with increasing coagulant dosage, except T4 which experienced a decrease in pH value after 25 mL of dosage, this decrease maybe as a result of high concentrations of stock solution. Generally the higher the amount of coagulant, the higher the decrease of pH. The increase in pH of the mine wastewater after treatment may be as a result of the presence of cationic water soluble protein found in the seeds of Moringa oleifera, which causes the acceptance of electrons in the wastewater by the alkaline amino acids present in M. oleifera protein and hence results in the release of hydroxyl groups which make the solution become alkaline. This agrees with study by Wibraham et al., (1982) which indicated that pH of 9.48 or more often leads to the ionisation of amino acids to produce carboxylate ion and proton, the proton charge attracts electrons (colloidal particles) in raw water to form neutral group and then produce floc.

[image: image8.jpg]TDS (mg/L)

1200
680

670
660
650
640
630
620
610
600

636 mg/L

- - - Initial TDS
—— EPAlimit

20 30
Dosage (ml)




Figure 6
Effect of coagulant on mine waste water pH

3.3
Effect of bio-coagulant on Electrical Conductivity (EC)

According to WHO (2006), the conductivity (ability of water to pass electrical flow) varies considerably across the globe and so does the solubility of minerals. Conductivity may be caused by ions from dissolved salts and inorganic materials such as alkalis, chlorides, sulphides and carbonate compounds (Miller et al, 1999). The effect of bio-coagulant on the electrical conductivity (EC) of the mine wastewater after treatment is shown in Figure 7. The initial EC of the mine wastewater prior to treatment was 1333




µS/cm. Figure 7 shows that the dosing of the coagulant solutions led to two opposing effects with regards the EC (T1 – T4). Thus, T1 and T2 led to a decrease in the EC of the mine wastewater whiles T3 and T4 increase the EC values with respect to the initial wastewater EC. The EC increased observed under T3 and T4 with increasing coagulant dosage may be attributed to the presence of unbound ions in the treated water. The decrease in the conductivity for T1 and T2 may be attributed to the increase in the pH of the mine wastewater as shown in figure 6.This is because the availability and mobility of ions responsible for conductivity in water decreases with increase in pH (Reddy et al., 1995). The optimum dosage of coagulant solution to reduce conductivity was 40 mL with respect to T2, as conductivity reduced to 1257 µs/cm. The initial and residual electrical conductivity values of the mine wastewater were below the EPA limit of 1500 µS/cm.


Figure 7 Effect of M. oleifera seed extract on Electrical Conductivity

3.4
Effect of bio-coagulant on Total Dissolved Solids (TDS)

Figure 8 shows the effect of moringa seed extract on the TDS concentration of the mine wastewater. The initial TDS concentration of the mine waste water was 636 mg/L. TDS concentration gradually increased with increasing concentration of coagulant solution for T3 and T4. This increase may be due to the release of inorganic substances such as calcium, magnesium, bicarbonates, chlorides and sulphates from moringa oleifera seed extract into the waste water. However, a slight reduction in TDS concentrations for T1 and T2 was observed, as the recorded values ranged from 605-636 mg/L. This may be due to the precipitation of dissolved mineral ions out of the mine wastewater, hence decreasing the TDS concentration.
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Figure 8 Effect of M. oleifera seed extract on Total Dissolved Solids (TDS)

3.5
Effect of bio-coagulant on Metal Ions Concentration

Table 1 is a summary for the range of metal ions concentrations after treatment with varying doses of moringa oleifera seed extract. The metal ions analysed were Fe, Cu, Pb, Cd, Co, Mn, Zn, Ni and Cr with initial concentrations of 0.256, 3.338, 0.394, <0.002, <0.002, 0.993, 0.034, <0.002, and

<0.002 mg/L, respectively. The initial concentrations of Cu, Pb, and Mn ions in the




wastewater were above WHO limits while Fe Cd, Co, Zn, Ni and Cr were below limit. With the exception of Cu, Pb and Mn, the initial concentration of all other metals analysed were below EPA limit. The results further showed that the addition of M. oleifera seed extract reduced of the concentrations of some metal ions significantly. The Fe ion concentration was decreased from 0.256 mg/L to 0.002 mg/L for all the four treatments, Cu concentration decreased from 3.338 mg/L to a range of <0.02 mg/L - 0.613 mg/L after treatment. The Pb concentration in the mine wastewater decreased from 0.394 mg/L to a range of <0.002 mg/L– 0.048 mg/L. The concentrations of Cd, Mn, Zn, and Cr in the mine wastewater after treatment were also found to be within the WHO and EPA limits.

This study showed that Moringa oleifera seed extract reduces the concentrations of metals in the mine wastewater. Decreased levels of metal ions observed after treatment may be as a result of moringa amphoteric protein binding to the oppositely charged metal ion compounds, which causes the metal ions to precipitate. Alkaline pH generated by the addition of Moringa may have also allowed the positively charged metal ions to precipitate as insoluble metal hydroxides due to the release of (OH) groups of M. oleifera.

Table 1
Summary of heavy metals concentration (mg/L) before and after treatment

	Metal
	Initial
	
	Residual Conc. (T)
	
	
	WHO
	
	
	EPA
	

	
	Conc.
	
	(mg/L)
	
	
	STD
	
	
	Limit
	

	Ions
	
	
	
	
	
	
	
	
	
	

	
	(mg/L)
	
	
	
	
	
	(mg/L)
	
	
	(mg/L)
	

	
	
	1
	2
	3
	4
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	Fe
	0.256
	0.002
	0.002
	0.002
	0.002
	
	0.300
	
	
	10.00
	

	
	
	
	
	
	
	
	
	
	

	Cu
	3.338
	0.321-
	0.370-
	0.229-
	<0.020-
	
	2.00
	
	
	1.00
	

	
	
	1.101
	0.407
	0.613
	0.221
	
	
	
	
	
	

	Pb
	0.394
	<0.002-
	<0.002
	<0.002-
	<0.002
	
	0.010
	
	
	0.100
	

	
	
	0.030
	
	0.048
	
	
	
	
	
	
	

	Cd
	<0.002
	<0.002
	<0.002
	<0.002
	<0.002-
	
	0.003
	
	
	0.100
	

	
	
	
	
	
	0.003
	
	
	
	
	
	

	Co
	<0.002
	<0.002-
	<0.002
	<0.002-
	0.020-
	
	-
	
	
	-
	

	
	
	0.016
	
	0.005
	0.040
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	Mn
	0.993
	<0.002-
	<0.002-
	<0.002-
	<0.002
	
	0.400
	
	
	1.00
	

	
	
	0.212
	0.045
	0.118
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	Zn
	0.034
	0.004-
	0.005-
	0.01-
	0.004-
	
	3.00
	
	
	5.00
	

	
	
	0.014
	0.010
	0.034
	0.011
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	Ni
	<0.002
	<0.002
	<0.002-
	<0.002-
	<0.002-
	
	-
	
	
	1.00
	

	
	
	
	0.011
	0.021
	0.036
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	Cr
	<0.002
	<0.002
	<0.002
	<0.002
	<0.002
	
	0.200
	
	
	1.00
	

	
	
	
	
	
	
	
	
	
	
	
	


(WHO) STD = World Health Organisation Standards (2001), EPA = Environmental Protection Agency, (Source: Abagale et al., 2013)
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4
Conclusions and Recommendations

Moringa oleifera seed extract was able to reduce turbidity but had varying effects on conductivity and TDS of mine wastewater. In terms of stock concentrations, Moringa oleifera is effective at higher concentrations, as turbidity was reduced from 3820 NTU to 29.5 NTU using a 10% coagulant stock solution with an optimum dosage of 10 (mL). Metal concentrations in the mine waste water were reduced after treatment.

It is recommended that further studies should be conducted on the use of a combination of Moringa oleifera seed extract and other bio-coagulants in mine waste water treatment. Sludge produced from the use of moringa seed extract needs to be characterised to establish its chemical composition.
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