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Abstract 

  

Moringa oleifera is characterised as an effective alternative to traditional 

approaches for the treatment of gold mine tailings spoils, particularly for its low 

cost, non-toxic nature, and simple application. This study investigated the use of M. 

oleifera seed powder as a primary coagulant for the treatment of gold mine tailings 

with respect to turbidity reduction, and the effect of varying pH on the coagulation 

process. The tailings sample used in the study was collected from an active mining 

operation in the Waiamu area, Cuyuni Mining District 4, Guyana; with the average 

turbidity ranging between 216.33 ± 4.62 and 275.33 ± 8.33 NTU. The standard jar 

test procedure was used to assess the efficiency of the M. oleifera coagulant based 

on measurements of turbidity reduction. M. oleifera was found to be an effective 

coagulant for reducing turbidity in the selected gold mine tailing pond, with the 

best turbidity reduction being 91.31 ± 0.53%. Further evidence from the study 

suggested that at the optimum coagulant concentration of 250mg/L, turbidity 

reduction changed as pH levels (5, 6, 7, 8, 9) were altered, whereby reduction at 

the natural pH level of 7 (control) was 91.31 ± 0.53%; and following adjustments 

of pH levels to 5, 6, 8 and 9, turbidity was reduced by 85.00 ± 0.58%, 84.88 ± 

0.94%, 77.81 ± 5.21% and 74.16 ± 5.28% respectively. Therefore, strong 

knowledge of biological approaches for the treatment of gold mine tailings spoils 

would be pivotal to support long-term decisions on wastes management and 

disposal.  
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1. Introduction 

Extractive industries are regarded as important contributors to the world economy, with 

more than 40 million people working in artisanal and small-scale gold mining (ASGM) (Hobson, 

2019). This sector provides viable livelihood options for underserved communities. In addition 
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to the social benefits associated with gold mining, it also accounts for a contribution of 

approximately US$171 billion to the global economy (World Gold Council, 2014).  

Historically, Guyana’s mining industry has been dominated by small-scale operators that 

focus on extracting gold from alluvial material through placer mining, and to a lesser degree, the 

mining of diamonds. According to Guyana’s Mining Regulations a small-scale mine is one which is 

the subject of a claim license and from which a volume in excess of 20 m3, but less than 200 m3 

of material, including overburden, is excavated or processed as an aggregate in any continuous 

twenty-four hour period (Mining Regulations Amendment, 2005). The mining sector employs 

approximately 11,160 persons directly within 1,094 active ASGM operations (Guyana Geology 

and Mines Commission Mines Division, 2019). Much like other developing countries with 

extractive economies, artisanal small-scale gold mining is considered the bedrock of the Guyanese 

economy over the last two decades; accounting for 15% of the gross domestic product (GDP) 

value-added and 65% of exports (Guyana Bureau of Statistics, 2018). Small-scale gold mining 

generated 6,569,484.82 ounces of gold from 1979 to 2020 with annual output reported as 

110,684 ounces in 1999 increasing by 275% to 305,178 ounces in 2009 and peaking at 

approximately 475,000 in 2016 (Clifford, 2011; Guyana Geology and Mines Commission, 
2020). Guyana is one of a few developing countries to formalise the ASGM sector with activities 

occurring in all six mining districts (MDs) occupying an estimated 926,000 acres of land (Clifford, 

2011; Guyana Geology and Mines Commission, 2020; Hook, 2019).  

Small-scale gold mining remains a challenge for environmental management specifically, 

since it is caught between the negative externality of pollution and the benefit of socio-economic 

development (Roopnarine, 2006). Small-scale gold mining in developing countries still use 

extraction and processing techniques, the most common being the hydraulic system, which 

involves high-pressure water jets that break apart soil and rock material; resulting in higher levels 

of erosion. This coupled with the disruption of rivers that comes from alluvial gold mining, has 

significantly contaminated the waterways (Hook, 2019). Thomas (2009) and Hook (2019) 

reported that discharge of wastewater by small-scale gold mining operations into rivers pollute 

the water, affecting the livelihoods of many riverine communities.  

Generally the mining process in Guyana is a water intensive one: in the case of surface 

mining, tailings from a pit are pumped as a slurry to the tailings impoundment or pond where 

physical sedimentation and storage occurs (Engels, 2021). Earlier reports label mining as a dirty 

industry, suggesting miners spill 2 m3 of sediment into lakes, rivers, and creeks for every gram of 

mineral produced (Heemskerk, 2001; Macmillan, 1995; Roopnarine, 2006), thus increasing the 

turbidity of the waterways within that area. Although the mining regulations have set standards 

for the turbidity levels permitted to be discharged to streams and rivers, small-scale gold mining 

operations have still managed to produce large amounts of suspended material. According to 

estimates, over 200,000,000 m3 of tailings slurry, constituting more than 80% water, are generated 

each year by land dredges (Guyana Geology and Mines Commission, 2010). These copious 

amounts of tailings material flow directly into receiving waterways, resulting in increased turbidity, 

reduced light penetration, channel alteration, siltation, and the impacts on the riverine 

ecosystems. Guyana’s Environmental Protection Agency reported that small-scale gold miners 

are responsible for many negative environmental issues and noted that the main problem is 

tailings from operations, which discolours water and increases sedimentation in rivers and creeks 

(Roopnarine, 2006). In particular, indigenous communities are most affected by the impacts of 

turbidity on fishing activities and domestic uses of the water resource (Colchester et al., 2002; 

Hook, 2019). Ideally such occurrences can be prevented by miners who practice effective tailings 
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management, but frequent lapses in practice have proven detrimental to watersheds within 

Guyana’s interior regions (Hook, 2019). 

Reports from Guyana’s Ministry of Natural Resources (MNR) further reinforce the need 

for proper tailings management, owing to the identification of elevated levels of turbidity with 

possible links to gold mine-related issues (Guyana’s Extractive Industry Sector, 2013). Such 

impacts have trickle down effects on aquatic biodiversity, particularly fish species that serve as a 

primary food source for riverine communities (Dillard, 2012). In 2011, the MNR temporarily 

suspended the issuance of river mining permits due to significant turbidity levels in watercourses 

(Guyana’s Extractive Industry Sector, 2013). It is important to note that the Guyana Geology and 

Mines Commission (GGMC) in their Mines Effluent Codes of Practice, describes critical turbidity 

as “the maximum permissible turbidity level that can be discharged from an active mining 

operation at any time”. It further states that tailings slurry from a dredge operation should be 

discharged into a tailings impoundment (pond) on land or to a creek/river as long as the turbidity 

is not more than 30 NTU (Guyana Geology and Mines Commission, 2010). This certainly provides 

some overarching guidance for gold miners, but these guidelines are often breached.  

In 2007, GGMC conducted an exercise in the Omai Quartz hill area that focused on the 
control and treatment of tailings slurry (Tucker, 2007). The chemical coagulant that was used in 

the settling test was known as KlarAid PC1195, which is an inorganic, water-soluble coagulant, 

designed to remove colloidal material from industrial waste and surface water (Mousa & Hadi, 

2016). The results indicated that a large range (20ml/L – 250ml/L) of concentration was required 

to reduce the turbidity to an acceptable value; and further recommended that an alternative 

coagulant be examined that may be more effective than KlarAid PC1195 at small concentration 

range (Tucker, 2007).  

Conversely, coagulation could be done with the use of natural coagulants like Moringa 

oleifera seeds. Moringa oleifera is a tropical flowering plant from the family Moringaceae.  It is not 

native to Guyana, but with two wet and dry seasons and almost year round sunlight, it is one of 

several naturalised plants used locally in herbal medicines. Moringa is often used for the removal 

of turbidity and colour from water and wastewater that are colloidal (Johnson et al., 2019). 

Among all the plant materials that have been tested in recent years, the powder from the seeds 

of the M. oleifera tree has proven to be an effective coagulant for water and wastewater 

treatment. M. oleifera seed powder was also identified because of the relationship between turbid 

waters and heavy metals. Jelodar et al. (2012) posit that there exists a relationship between lead, 

copper, zinc, and iron and suspended particles. More so, Zeng et al. (2019) identified suspended 

particles as a major carrier and a pre-sink of lead, copper, and zinc among other heavy metals 

and metalloids in the fluvial environment. Reducing turbidity would mean a reduction in heavy 

metals by extension (Ali & Seng, 2018). This additional benefit was evident in a study by Nurcholis 

et al. (2020), where M. oleifera seed extract accelerated particle deposition within the tailings 

slurry.  

Although pH level is considered a key parameter in the coagulation-flocculation process, 

it is often neglected in many studies, since more emphasis is placed on optimising the 

concentration of the coagulant at a fixed pH, rather than assessing pH as a separate variable 

(Naceradska et al., 2019). Considering how many researchers have identified the main component 

of M. oleifera to be protein-based, a variation in pH may affect performance. Failing to carry out 

the coagulation process at an optimum pH range may lead to the coagulant’s inability to form 

flocs, resulting in poor turbidity reduction (Hendrawati et al., 2016). Hendrawati et al. (2016) 

reported that different coagulants respond differently to different pH ranges. A pH that is too 
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low may impede the coagulation process, while a pH that is too high may result in the re-dispersal 

of coagulated particles (Emerson Process Management, 2009). This study assessed the usefulness 

of M. oleifera seed powder as a coagulant for reducing turbidity within gold mining tailings ponds. 

The objectives were to determine whether M. oleifera was an effective coagulant in tailings slurry 

and to determine whether varying pH levels affect turbidity reduction.  

 

 

2. Methodology 

Sample collection  

Gold mine tailings, which are a mixture of finely ground rock remnants after the recovery 

of gold process (Fashola et al., 2016), constituted the sample collected for this study. The sample 

was collected from an active small scale gold mine within the Waiamu area (6° 35.707’ N and 

59°22.167’ W), situated in the Cuyuni Mining District 4, Guyana (Figure 1). The sample was 

stored in a labelled five gallon covered bucket and transported to Georgetown for subsequent 

analysis. A limitation of the research was that the COVID-19 travel restrictions in place at the 

time of sampling did not allow for collection of tailings slurry because of the volume required and 

its possible toxicity. It was advised that tailings which can be reconstituted be used instead.  

 The research was experimental in nature with a focus on ex situ analysis of water samples 

to ascertain turbidity levels based on varying concentrations of treatment regime, as well as the 

influence of pH. Given the ex situ nature of this study, parameters such as pH levels, treatment 

concentrations, and duration of exposure were adjusted to determine effects. 

 

Figure 1 

Waiami Mining Camp in the Cuyuni Mining District 4, Guyana 

 

 
Note. By M. Mohabir, 2022, Guyana 



5 

 

 

Coagulant preparation   

Mature M. oleifera seed pods with no sign of discoloration were harvested from the village 

of Annandale, East Coast Demerara, Guyana and stored at room temperature prior to 

preparation. The mature M. oleifera seeds were first removed from their pods and freed of their 

wings and outer coat to expose the kernels. Following the method used by Muyibi and Okuofu 
(2007) to grind M. oleifera seeds, a CGH Mill electric coffee grinder was used at high speed to 

grind and homogenise the seeds to a fine powder to extract the active ingredients. The powder 

was then passed through a Fieldmaster 500 microns sieve to retrieve the fine seed fraction, which 

served as the coagulant throughout the experiment. The seed powder was stored in an airtight 

glass jar for the duration of the experiment.   

 

Settling tests   

A model water sample was used in this experiment to simulate the turbidity levels of a 

typical tailings pond. A mass of 420g of the collected tailing sample was mixed with 6 L of tap 

water (pH 6.5-8.5) to formulate the stock solution. The prepared stock solution was used to 

create samples of varying turbidity for all coagulation experiments (Keogha et al., 2017).   

The standard jar test procedure is considered the conventional way for determining the 

efficiency of a coagulant, given its fairly simplistic process (Ndabigengesere & Narasiah, 1998). 

The experiment was conducted using a six-gang Phipps and Bird jar tester at room temperature. 

Each jar was filled with 1 L of the stock turbid solution and an initial turbidity reading was taken 

and recorded, followed by stirring of the solution at 120 rpm.  Concentrations of 0, 250, 500, 

750, 1000, and 1250 mg/L of M. oleifera seed powder were added to each jar in keeping with 

preliminary trials and research by Sasikala and Muthuraman (2016). Such trials were necessary 

since earlier studies have not truly assessed the capacity of M. oleifera for reducing turbidity in 

gold mine tailings pond. After 3 minutes had elapsed the stirring rate was reduced to 40 rpm, 

which remained constant for 17 minutes. The beakers were left to stand for 60 minutes to 

simulate settling, then 100 ml of the supernatant was collected from about 1 cm below the surface 

and turbidity levels were measured in triplicates (Ndabigengesere & Narasiah, 1998). 

The standard jar test procedure was repeated to examine the effects of pH on turbidity 

reduction. Each jar was filled with 1 L of stock solution with the initial turbidity levels being 

measured and recorded. This was followed by the dropwise addition of 0.4 M of potassium 

hydroxide to increase the pH level and 0.5 M of hydrochloric acid to decrease the pH level. The 

pH levels were then adjusted to 5, 6, 8, and 9. No adjustment was made for pH 7 since it was 

the natural pH of the tap water and served as the control in this experiment (Ndabigengesere & 

Narasiah, 2010). This sort of pH adjustment facilitated an examination of pH influence on the 
coagulation process. Identical concentrations of 250 mg/L M. oleifera seed powder was added to 

each beaker with its respective pH level. The solutions were stirred at 120 rpm for 3 minutes, 

then reduced to 40 rpm for a total of 17 minutes. The stirrers were switched off and the beakers 

were left to stand for 60 minutes to simulate settling. Thereafter, turbidity levels were measured 

in triplicates (Ndabigengesere & Narasiah, 1998).  

Experimental analyses were performed at the Guyana Water Incorporated laboratory in 

keeping with the requisite protocols and safety measures. Turbidity and pH measurements were 

taken with pre calibrated HACH 2100Q portable turbidity metre and HACH HQ411d pH metre 

instruments.  
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Statistical analysis  

Statistical analysis was conducted with R version 4.0.4 (R Core Team, 2021), at an 

acceptable α-level of 0.05. ANOVA followed by the LSD Post-hoc test was used to ascertain 
statistically significant differences among the preparations, and to compare treatment 

concentrations and turbidity reduction as well as pH levels and turbidity reduction. 

 

 

3. Results 

Impact of concentrations on turbidity reduction  

The average initial turbidity ranged from 216.33 ± 4.62 to 275.33 ± 8.33 NTU (Table 1), 

which was above the critical turbidity of 30.00 NTU as outlined in the Guyana Geology and Mines 

Commission Mine Effluent Codes of Practice (Guyana Geology and Mines Commission, 2010). The 

efficiency of turbidity reduction by sedimentation in the control treatment after 60 minutes 

reduced from 221.00 ± 3.61 to 64.83 ± 11.84 (Table 1), which was still above the critical turbidity 

of 30.00 NTU. Following treatment with M. oleifera seed powder at concentrations of 250, 500, 

750, 1000, and 1250 mg/L resulted in reductions below the critical turbidity of 30.00 NTU (Table 

1). Reduction by physical sedimentation in the control (o mg/L) was 70.61 ± 5.74%. Following 

treatment with M. oleifera seed powder, at coagulant concentrations of 250, 500, 750, 1000 and 

1250 mg/L, turbidity was reduced by 91.31 ± 0.53%, 89.45 ± 0.72%, 88.92 ± 1.28%, 89.39 ± 0.35% 

and 90.29 ± 0.78% respectively (Table 1). 

 Differences between the concentrations of the M. oleifera treatment were significant (p = 

0.01, ANOVA). Based on the homogenous groups portrayed in Figure 2, it is evident that turbidity 

reduction experienced at 0 mg/L (control) was significantly different from that of 250, 500, 750, 

1000 and 1250 mg/L. Turbidity reduction among concentrations of 250, 500, 750, 1000 and 1250 

mg/L was not significantly different. Overall, concentration of 250 mg/L showed the highest 

turbidity reduction and there were small variations around treatment concentration means. 

 
Table 1    

Average Turbidity Before and After Treatment with M. oleifera Seed Powder 

Concentration 

(mg/L) 

Initial turbidity 

(NTU) 

Turbidity after 60 

minutes (NTU) 

Turbidity reduction 

(%) 

0 221.00 ± 3.61 64.83 ± 11.84 70.61 ± 5.74 

250 275.33 ± 8.33 23.73 ± 1.18 91.31 ± 0.53 

500 231.33 ± 0.58 25.63 ± 1.79 89.45 ± 0.72 

750 243.00 ± 10.39 27.00 ± 2.42 88.92 ± 1.28 

1000 219.67 ± 6.35 23.83 ± 2.31 89.39 ± 0.35 

1250 216.33 ± 4.62 22.23 ± 1.27 90.29 ± 0.78 
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Figure 2 

Turbidity Reduction After Application of M. oleifera Seed Powder 

 
Note. Bars represent mean + standard error. Those that do not have common 

letters are significantly different according to the LSD test. 

 

Impact of pH levels on turbidity reduction  

No statistically significant differences were evident among varying pH levels as it relates 

to turbidity reduction (p = 0.97, ANOVA). A constant concentration of 250 mg/L of M. oleifera 

seed powder was used for this evaluation since it yielded the greatest turbidity reduction. 

Reduction by the natural pH level of 7 (control) was 91.31 ± 0.53% (Figure 3). Following 

adjustments of pH levels to 5, 6, 8 and 9, turbidity was reduced by 85.00 ± 0.58%, 84.88 ± 0.94%, 

77.81 ± 5.21% and 74.16 ± 5.28% respectively (Figure 3). 

 
Figure 3 

Turbidity Reduction with M. oleifera Seed Powder at varying pH Levels 

 
Note. Line points represent mean + standard error.  
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4. Discussion 

Based on the findings depicted in Table 1, M. oleifera seed powder has the potential to 

reduce turbidity below the critical limit of 30.00 NTU after 60 minutes of settling. These findings 

were consistent with earlier research by Nkurunziza et al. (2009), since they also achieved 

residual turbidity of below 30.00 NTU after 60 minutes of settling for concentrations of 250 mg/L 

and above. Reports further suggested that settling time above 60 minutes tends to increase 

reduction efficiency (Muyibi & Evison, 2007; Ravikumar & Sheeja, 2012). This is probably due to 

the continuation of particle collision that occurs between the negatively charged suspended 

tailings material and the positively charged M. oleifera particles throughout the residence time of 

the coagulant (Idris et al., 2016). Egbuikwem and Amori (2017) reinforced this by suggesting that 

at extended residence times, maximum (100%), water clarity can be achieved. Additionally, it was 

evident that the initial turbidity was capable of being reduced by varying concentrations of M. 

oleifera seed powder. Such finding is supported by the work of Gaikwad and Munavalli (2019) 

which found that varying M. oleifera concentration does indeed affect turbidity reduction. It was 

also evident that the concentration of 250 mg/L produced the highest turbidity reduction. A study 

by Dezfooli et al. (2016) also found that the lower concentration of M. oleifera provides the 

highest turbidity reduction, independent of the initial turbidity. This may be attributed to the 

stabilization of suspended particles that are observed with concentrations above optimum 

(Mangale et al., 2012). The findings reflected in Figure 2 suggested that turbidity reduction may 

be influenced by M. oleifera concentrations. These findings corroborate with work by Bina et al. 

(2010), Lea (2014), and Sarpong and Richardson (2010), which showed statistical significance for 

M. oleifera concentrations on turbidity reduction rates which ranged from 80.0% to 99.5% 

following treatment with M. oleifera. 

Despite no statistically significant difference among varying pH levels (p>0.05), the trends 

reflected in Figure 3 showed that turbidity reduction changed at varying pH levels. This may be 

attributed to the changes that M. oleifera protein is subjected to at varying pH levels. According 
to Rye et al. (2016), varying pH levels can alter the shape of protein in a major way, thereby 

resulting in dysfunctionality. In the case of M. oleifera, with its main component being 

proteinaceous, varying pH may affect the natural coagulant’s functionality. In addition to the 

protein alterations, natural coagulants such as M. oleifera also undergo alterations to their charge 

and their structure upon a change in pH. This alteration occurs when their functional groups 

accept protons or release protons, dependent on the current pH value (Načeradská, Pivokonská, 

& Pivokonský, 2019). Ultimately, since pH levels affect the surface charges and structure of M. 

oleifera and suspended particles, controlling the pH level could potentially improve the 

coagulation process; but such a strong influence of pH level on the coagulation process was not 

evident in this study. It is important to note that the optimal pH for the coagulation of a mixture 

with impurities (heavy metals) may differ significantly when compared to a single compound 

coagulation (Načeradská et al., 2019). A phenomenon of this nature may account for the findings 

reflected in this study, given the influence of mutual interactions between constituent parts of 

impure mixtures on the pH of coagulation, thereby suggesting thorough identification of 

impurities to apply separate optimisation based on the type of impurities present (Načeradská et 

al., 2019). An approach of this nature could be explored in future research along with an 

investigation of the effect of extreme pH<5 and pH>9 on the optimisation of M. oleifera coagulant 

ability to treat gold mine spoils. Such experiments could supplement the findings of this research 

to better inform waste management and disposal efforts within the gold mining districts of 

Guyana.    
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5. Conclusion 

Gold mining continues to play a pivotal role in the growth and sustenance of Guyana’s 

economy, but a significant environmental price is paid in the form of generation and release of 

toxic waste products, which impacts the ecosystem in a major way. The investigation of the 

coagulation efficiency of M. oleifera seed powder reflects on biological treatment options for gold 

mining effluents, with a wide range of initial turbidity values. The findings of this investigation 

corroborate with that of previous studies and yield promising results as it relates to the ability of 

M. oleifera seed powder to reduce turbidity to 23.73 ± 1.18 NTU from 275.33 ± 8.33 NTU. Since 

M. oleifera can be locally produced, its use in tailings treatment should be explored on a larger 

scale given that it is an environmentally safer alternative.   

 The results also indicated the importance of different concentrations of M. oleifera seed 

powder as well as trends of varying pH levels on the coagulation process. The findings suggested 

that alterations to the pH levels showed changes in turbidity reduction, but this was not 

statistically significant. Therefore, the expected influence of pH in optimising coagulation was not 

evident in this study. It is recommended that additional experiments are conducted to establish 

the optimal M. oleifera concentration and pH level necessary for the effective treatment of 
artisanal and small-scale gold mine tailings pond. Other parameters that can affect coagulation 

should also be considered in future studies.  
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