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ABSTRACT 

Concerns over exposure to drinking water contaminants by rural and peri-urban dwellers in Africa, 

resultant adverse effects on human health, andhigh cost of water treatment facilities and chemicals have 

prompted several studies on the use of natural coagulants like Moringa Oleifera. This study was 

conductedto assess the efficacy of powder extracted from mature-dried Moringa Oleifera seeds for 

treatment of contaminated water. Moringa seeds were shelled, oven-dried and milled, after which the oil 

content was extracted with a solvent (n-hexane) in an electro thermal soxhlet apparatus and the residue was 

used as water coagulant. Representative water samples from stream, pond and well were collected and 

subjected to purification studies using seed extract of Moringa Oleifera and well processed certified 

Aluminum Sulphate. The efficiencies of the two coagulants were evaluated using a standard jar test. 

At optimum dosages of 2.5, 4.5 and 6.0 ml of M.O. seeds extract, turbidity removal efficiencies were 90.4%, 

95.6% and 96.7% for the well, stream and pond water samples respectively. The respective values for alum 

at optimum dosages of 2.0, 3.5 and 4.0ml were 100%, 99.9% and 99.9%. M.O. and Alum reduced the E.Coli 

contents of the stream water to 33 CFU/100ml and 76 CFU/100ml respectively. E.coli removal efficiencies 

of M.O. and Alum for the pond water were 86% and 44% respectively. For the well water sample, the 

removal efficiencies recorded for Moringa and Alum were 90% and 52% respectively.The results show that 

M.O. seed possesses some antimicrobial properties and good coagulating substance that is comparable to 

commercial alum in turbidity removal. The natural coagulant is biodegradable, environmentally friendly 

and non-toxic, thus, making it a potentially viable substitute to alum in addressing the challenges facing 

potable water supplyespecially in rural and peri-urban areas of developing countries. 
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INTRODUCTION: Water is a basic human need and a major requirement of any society. Large 

populations in rural and peri-urban areas of Africa have no access to clean drinking water.Waterborne 

diseases, though a global health threat, is a feature of developing countries whose populace are compelled to 

use turbid and contaminated water for domestic purposes.  

The removal of colloidal and suspended particles present in water would be extremely beneficial as it would 

assuage the majority of problems associated with turbidity.Most particulate matter cannot settle by gravity 

and their sizes are so small that they pass through the pores of most common filtration media (Pretorius et al. 

1996). Conventionally, the enmeshment and removal of the colloids in water could be achieved by 

coagulation, using certain chemical coagulants like certified alum. For many developing countries, this 
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treatment process is not feasible because of the high costs involved and the difficulty in assessing chemical 

coagulants including alum. Moreover, recent studies have pointed out the health threats arising from the 

consumption of residual aluminium present in water, such as Alzheimers diseases and neurodegenerative 

illness (Garcia-Fayoset al., 2010). Other serious setbacks includethe production of large sludge volumes, 

alteration of water pH and poor coagulation efficiency in cold weather.With a view to addressing these 

challenges, many researchers have investigated the potential of natural coagulantssuch as Moringaoleifera, 

Moringastenopetala, Viciafaba (Jahn, 1988) as well as Canavaliaensiformis and Bombaxconstatum 

(Nacoulimaet al., 2000 ).  

Among all the plant materials tested over the years, the powder processed from the seeds of Moringa 

Oleifera has been shown to be very effective as a primary coagulant in water treatment and is comparable to 

Alum,a conventional chemical coagulant. 

Studies to test its effectiveness for treating water have been conducted since the early 1970's (Beth, 2005). 

Early investigations established its effectiveness as a coagulant for treatment of water with high levels of 

turbidity. It has traditionally been used for household water treatment in Sudan and Indonesia taking 

advantage of its antimicrobial properties (Jahn and Hamid, 1979; Folkand and Sutherland, 1996).In Malawi, 

it has successfully been used in place of conventional water treatment chemicals for colour, micro-

organisms and suspended solids removal in surface waters (NISIR, 1997).In Nigeria, much has not been 

done on M.O. as a natural coagulant in water treatment technology. This study seeks to confirm and 

compare the efficacy of seed extracts of Moringa and Alum in treating water from commonly used sources 

in Nigeria viz: stream, pond and dug wells. 

 

MATERIALS AND METHODS:  

Moringa Oleifera seeds (M.O.) were obtained from International Institute of Tropical Agriculture (IITA) 

Ibadan, Nigeria. The seeds were shelled, oven dried at 50
o
C for 24 hours and were placed in a desiccator to 

cool. Thereafter, seeds were ground using IKA analytical mill (model: A11BS2) obtained from the central 

laboratory, University of Ibadan, Ibadan, Nigeria.The oil extraction was achieved using a solvent called n-

hexane in an electro thermal soxhlet apparatus and the residue which was dried at room temperature was 

used in the study. Also, the Aluminium Sulphate (certified) used was obtainedfrom Lagos State Water 

Treatment Company, Hydro Construction and Engineering Limited. This was ground into a fine powder 

using a laboratory mortar and pestle,which was used to prepare the stock solution used for the treatment.A 

conventional jar test equipment with variable rotational speed was employed (Doerr, 2005). 

The water samples used for this study were collected with a 50 L container from three different sources viz: 

stream, pond and well located in Epe and Eti-Osa Local Government Areas of Lagos, Nigeria.The quality of 

the water samples were evaluated before and after the treatment. 

The physico-chemical and microbial parameters were determined using ASTM Standard.Turbidity was 

measured using a portable Hannaturbidimeter (model: HI 93703). A multi-parameter bench photometer 

(model: Hi 83099) Hanna Instruments was used to analyze the colour content of the water samples. The pH, 

TDS and EC were determined using a handheld test meters. The meters were calibrated according to 

manufacturer’s recommendation. E. coli was analyzed according to the procedures described in Standard 

Method for Examination of Water and Wastewater (APHA, 1998). 

 

RESULTS AND DISCUSSION: 

Properties of raw water samples 

The physico-chemical and microbiological properties of the samples are presented in Table 1. According to 

Doerr (2005), the water samples fall into two categoriesas regards their clarity namely; low turbidity water 
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(<50NTU) and medium turbidity water (50 – 150NTU).Samples from stream and well had turbidity values 

of 20.5NTU and 10.7NTU respectively, classifying them as low turbidity water, while sample from pond 

was classified as medium turbidity water with turbidity value of 125NTU.It was observed that none of the 

water samples is safe for drinking owing to the presence of E. coli bacteria. The pH of the water samples fell 

within the WHO guideline of 6.5 – 8.5 except for well water which was quite acidic. The stream water had a 

very high level of colour of 249 PCU. This was majorly due to the presence of high dissolved natural 

organic matter. The 118 PCU measured in the pond was largely due to high concentration of clay and silt 

materials.The well water sample had the highest value of total hardness of 87.5 mg/l CaCO3. This was as a 

result of the dissolution of Calcium and Magnesium ions present in the geological formation of the well 

location. The high nitrate and chloride content in the well could be attributed to leachates from septic tank 

around the location of the well (Sangodoyin, 1993).The level of Electrical Conductivity was more 

pronounced in the well than other sources. This could be due to waste systems interference with the 

groundwater (Sangodoyin, 1993) and also a result of the geology of the site and water table level as 

observed by Sangodoyin (1991). 

 

Effects of the coagulants on constituent parameters 

The treatment efficiencies of M.O. and alum are presented in Tables 2 – 7 and figs. 1 & 2. At the varying 

coagulant dosage, no significant change was observed on pH, TDS, EC for samples treated with Moringa 

Oleifera. Alum increased the TDS and EC of the treated water and drastically reduced the pH in response to 

increasing concentration. This informed decision was statistically reached using a 0.05 level of significance. 

The high levels of EC in the treated water were theresult of the dissolution of aluminum ions. This is in 

agreement with the findings of Ordonez et al. (2010) and Alo et al. (2012) which indicated that conductivity 

increases as more coagulant is added to water. The sulphuric acid that was produced in the process resulted 

in the drop in pH of the treated water. 

 

Table 1: Physico-chemical and biological analysis of the raw water samples  

        Parameters                  Water Sources 

     Stream  Pond  Well 

Turbidity (NTU)   20.5  125  10.7 

pH     6.8  5.3  7.0 

Colour (PCU)               249  118  29 

Conductivity (µS/cm)              45  18  189 

TDS      23  10  98 

Temperature (°C)   27  28  27 

Iron, Fe                1.84  0.79  0.03 

Manganese, Mn   0.9  4.4  0.2 

        Nitrate, N    1.7  22  6.6 

        Chloride, Cl   32  20  56 

        Salinity    57.8  36.1  101.2 

        Alkalinity    32  20  36 

        Total Hardness, CaCO3  17.1  17.1  87.5 

        E. coli (CFU/100ml)  TNTC  57  21 

TNTC – Too numerous to count. 

All parameters in mg/l except otherwise stated 
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However, for all the samples treated with the two coagulants, Fe and Mn contents of the water samples were 

reduced and not detected in some dosages. This could be attributed to the fact that during the jar test 

(flocculation) oxygen was introduced into the system by way of stirring which helped to oxidize some 

elements of Fe and Mn present in the samples.From tables 2 to 7, it was observed that M.O. has no 

significant effects on alkalinity of the water samples while alum drastically reduced the alkalinity in the 

order of increasing concentration thereby making the water acidic. This informed justification was 

confirmed statistically with a 0.05 level of significance. 

 

Table 2: Characteristics of stream water after treatment with Moring Oleifera. 

        Parameters   Coagulant Dosage(ml) 

   0 l.5 2.0 2.5 3.0 3.5 4.0 4.5 

Colour(PCU) 231 180 153 105 78 31 14 10 

 pH  6.8 6.8 6.8 6.9 6.8 6.6 6.8 6.9 

       Alkalinity  32 34 30 32 36 34 32 30 

       EC (µS/cm) 45 47 47 47 48 48 48 49 

 TDS  23 24 24 25 25 25 26 26 

Total Hardness 17.1 17.1 17.1 17.1 17.1 17.1 17.1 17.1 

 

Table 3: Characteristics of stream water after treatment with Alum 

        Parameters   Coagulant Dosage(ml) 

   0 l.5 2.0 2.5 3.0 3.5 4.0 4.5 

Colour(PCU) 233 125 43 17  15 7 6 4 

 pH  6.6 4.8 4.6 4.3 4.1 3.9 4.1 3.7 

       Alkalinity  32 28 28 24 22 20 16 16 

       EC (µS/cm) 43 98 123 131 155 163 180 190 

 TDS  22 51 65 69 80 87 95 99 

       Total Hardness 17.1 17.1 17.1 17.1 17.1 17.1 17.1 17.1 

 

Table 4: Characteristics of pond water after treatment with MoringaOleifera. 

        Parameters   Coagulant Dosage(ml) 

   0 3.0 3.5 4.0 4.5 5.0 5.5 6.0 

Colour(PCU)   105 82 54 33 24 17 16 11 

 pH  5.4 5.3 5.4 5.3 5.4 5.4 5.3 5.3 

       Alkalinity  20 20 24 18 22 20 24 24 

      EC (µS/cm) 18 19 19 21 20 22 22 23 

 TDS  9 10 11 11 11 13 14 12 

       Total Hardness 17.1 17.1 17.1 17.1 17.1 17.1 17.1 17.1 

All parameters in mg/l except otherwise stated 
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Table 5: Characteristics of pond water after treatment with Alum 

        Parameters   Coagulant Dosage(ml) 

   0 3.0 3.5 4.0 4.5 5.0 5.5 6.0 

Colour(PCU) 100 35 12 4 7 15 16 21 

 pH  5.3 4.5 4.4 4.4 4.2 4.0 3.7 3.5 

       Alkalinity  20 18 16 16 14 10 8 8 

     EC (µS/cm) 18 154 162 178 188 203 212 233 

 TDS  10 81 87 95 99 105 109 121 

       Total Hardness 17.1 17.1 17.1 17.1 17.1 17.1 17.1 17.1 

All parameters in mg/l except otherwise stated 

The total hardness of the water samples was unaffected by the two coagulants. This disagrees with the 

findings of Muyibi and Evison (1995) who observed very high doses of Moringa in the complete removal of 

total hardness in water. The colour of the water samples treated with M.O. reduced from 249 to 10 PCU, 118 

to 11 PCU and 29 to 4 PCU for stream, pond and well water respectively. A better performance was 

recorded for alum having a removal efficiencyranging from 96.6 to 99.8 %. This implies that alum provides 

a better treatment than M.O. in terms of colour removal. 

 

Table 6: Characteristics of well water after treatment with MoringaOleifera. 

        Parameters   Coagulant Dosage(ml) 

   0 1.0 1.5 2.0 2.5 3.0 3.5 4.0 

Colour(PCU) 19 15 14 8 4 15 21 21 

 pH  7.0 7.0 7.0 7.0 7.1 7.1 7.1 7.0 

       Alkalinity  36 32 34 36 40 40 48 32 

     EC (µS/cm) 189 190 191 190 189 189 191 191 

 TDS  99 99 99 97 97 99 100 100 

       Total Hardness 87.5 87.5 87.5 87.5 87.5 87.5 87.5 87.5 

 

Table 7: Characteristics of well water after treatment with Alum 

        Parameters   Coagulant Dosage(ml) 

   0 1.0 1.5 2.0 2.5 3.0 3.5 4.0 

Colour(PCU) 20 13 6 1 2 2 7 9 

 pH  7.0 6.5 6.1 5.8 5.0 4.8 4.5 4.3 

       Alkalinity  36 30 28 24 24 20 16 12 

     EC (µS/cm) 187 192 197 200 242 244 262 282 

 TDS  98 99 103 108 116 125 136 142 

       Total Hardness 87.5 87.5 87.5 87.5 87.5 87.5 87.5 87.5 

All parameters in mg/l except otherwise stated 

 

Turbidity removal efficiency 

At optimum dosages of 4.5, 6.0 and 2.5 ml of M.O., (fig. 1), the turbidity of stream, pond and well water 

samples reduced from 20.5 to 0.91 NTU, 125 to 4.13 NTU and 10.7 to 1.03 NTU respectively. These satisfy 

the WHO turbidity guideline of 5 NTU for turbidity for potable water (WHO, 2006). The removal 

efficiencies are 95.6, 96.7 and 90.4 %, which implies that M.O. seed extract is satisfactory for both high and 

low turbid water if properly applied. This result agrees with the findings of Nwaiwuet al. (2011) who 

obtained a clarification efficiency of 96.3% in low turbidity water after a settling time of 24 hrs and disputes 
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the findings of Muyibiet al (1999) and Kayatonet al (2004) that concluded that M.O. is not efficient in 

treating low turbidity water. The variation in performance could be due to different protein contents of seeds 

and development owing to varying geological locations (Narasiahet al., 2002).Residual turbidities in the 

control at extended settling time of 24 hrs are 8.9 and 75.0 and 5.0 NTU for the stream, pond and well water 

samples respectively.It is therefore concluded that the method of allowing water to settle without 

coagulation is not efficient in addressing the challenges facing potable water supply especially in rural 

communities. 

 
(Stream)              (Pond)   (Well) 

Fig 1: Turbidity removal with MoringaOleifera and Alum  

 

In comparison with chemical coagulant, it was observed that at lower dosages of 3.5, 4.0 and 2.0 ml, alum 

reduced the turbidities to 0.03, 0.04 and 0.0 NTUs respectively. This signifies that alum performs much 

better than M.O. in terms of suspended particles removal. 

 

Microbial reduction 

From Table 1, the Escherichia coli (E. coli) for the stream, pond and well water samples were TNTC, 57 and 

21 CFU/100ml respectively, thus suggesting the presence of pathogenic and enteric organisms in the 

samples. Treatment with MoringaOleifera seeds extract reduced the E. coli present in the stream, pondand 

well water samples to 33, 8 and 2 CFU/100mlrespectively (fig. 2).About 50% improvement was also 

recorded on the growth inhibitory of MoringaOleifera after an extended settling of 2 hrs thereby giving an 

overall efficiency of 95%. This implies that the active agent of the plant has some antimicrobial elements 

which inhibit the growth of E. coli bacteria.The results obtained were in line with the findings of Schwarz 

(2000) that the process of flocculation removes about 90 - 99% of bacteria which are normally attached to 

the solid particles.  Meanwhile, after 24 hrs settling, there was an increase in number of coliform forming 

units (CFU) at the different concentrations which thus, signified bacterial re-growth. The re-growth of 

bacterial in the water samples could be attributed to the fact that in addition to the antimicrobial content, 

Moringa also contains some ingredients that are proteanous even to microorganisms. After treatment, once 

the residual antimicrobial agent of M.O. is used up, the survived organisms will resume feeding on the 

nutrients and thus multiply. 
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(Pond water)      (Well water) 

Fig 2: Effects of MoringaOleifera and Alum on E.coli removal 

 

CONCLUSION AND RECOMMENDATIONS: 

The results obtained from the treatment with Moringa Oleifera are encouraging especially at optimum 

dosages. The data hasshown that the seed of Moringa contains some coagulating substances capable of 

removing turbidity to WHO standard. It also acts as anaturally occurring antimicrobial active agent against 

the microorganismswhich are present in the drinking water and decreasedthe number of E Coli bacteria 

much better than alum. At higher loads, Moringa is comparable to alum. Moringa Oleifera is biodegradable, 

eco-friendly and has not been found toxic. It is highly recommended in rural areas where no facilities are 

available for drinking water treatment. For its optimum utilization, “boil before use” approach should be 

appliedimmediately after treatment. Moringa stands to be a suitable substitute for commercial alum in the 

nearest future in water treatment technology. Owing to microbial re-growth, it is recommended that 

intensive studies be conducted to determine the optimum detention timefor water treated with Moringa 

Oleifera. It is also suggested that the extract of Moringa seed be administered in a mini-water treatment plant 

so as to quantify and justify its performance with high level of confidence. 
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