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Preface  

 

This booklet titled “Addressing COVID-19 hand washing in Africa: Low cost moringa sand 

filter hybrid technology for household and community water in Africa” addresses SDG no.6 and 

provides options for making available potable water for hand washing, drinking and industrial 

applications. It is an innovative way to combat water-based and other infectious diseases in 

Africa.   

 

The author, an expert in public health, infectiology and phytobiotechnology, has succinctly 

explained the motivation behind this work and raison d’être for generating a number of fit-for-

purpose, robust low-cost water designs for which no one can be left behind without water and 

sanitation. Prof Yongabi has demonstrated tips on construction of a moringa sand filter hybrid 

system with highlights on the comparative advantages over the use of chemicals such as chlorine 

and alum in water treatment applications. Worth noting is that the conventional water treatment 

using reverse osmosis and UV disinfections technologies are expensive, moreso, the health 

hazards posed by these technologies are also critical to consider within a global outcry of 

ecological sustainability that has left so many behind. Recent studies are, clearly, suggestive that 

certain fecal bacteria such as Aeromonas hydrophila and viruses such as rota virus are resistant 

to chlorination and polyelectrolyte treatment and have been isolated from public treated tap 

water. The author has demonstrated the efficacy of a moringa sand filter hybrid in having 

comparative advantages with respect to efficacy, safety, availability and overall cost benefits.  
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Statement by the Author  

 

The problem of unsafe drinking water and poor sanitation in the developing world is endemic 

and has lingered on for many years and much work has been done on possible solutions to the 

problem. However, for various reasons there has yet to be discovered one blanket solution to this 

problem. In  Africa, more than 70% of the people living in rural communities do not have access 

to, or the use of, improved drinking water sources, yet indigenous knowledge though 

unsystematised and unvalorised, exist on water treatment. The need to build science, technology 

and innovation from endogenous indigenous African knowledge to solve the existential water 

and sanitation challenges is a critical step toward addressing SDG no.6. The resilient solutions to 

this is not imported exotic solutions but afro-centric solutions and in case of imported models, 

they must be implemented within an afro-centric framework and ground reality. To respond to 

this, a Non-Government Research Organization, the Phytobiotechnology Research Foundation 

(PRF) was founded to provide green, ecological, yet robust sustainable technologies derived 

from the African environment. Phytobiotechnology as a word and technology was then coined by 

Prof Yongabi, and its applications can address WASH in more sustainable ways and so, is fit for 

resource-limited countries. It can address public health emergencies such as the current global 

pandemic COVID-19. Phytobiotechnology can, potentially, provide an ecological response to 

hygiene and sanitation. One of such applications is the novel Moringa biocoagulant Sand filter 

hybrid for water treatment described in this project. 

 

Moringa oleifera is a plant native to the sub-Himalayan region of North-Western India and 

Pakistan which now grows across Africa and Asia, and many geographical regions of the world. 

The availability, safety and cost benefit analysis in water treatment applications as well as other 

locally sourced materials such as sand, clay, and char have been favorably evaluated. I stand to 

encourage African governments and all relevant stakeholders to imbibe the spirit of “Ubuntu” in 

making use of this technology, to address the water and sanitation challenge, thereby, “leaving 

no one behind”. 
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Executive Summary 

 

To effectively prevent and contain COVID-19 spread, clean water and sanitation is critical. 

There is increased water use across the world to contain COVID 19 spread, but in most of Africa 

where people barely have 125 liters of clean disease free water to drink poses a huge challenge.   

In Sub-Saharan Africa, 80-90% of most infectious diseases are water-borne. Governments in 

these countries spend a significant portion of their budgets importing alum and chlorine from 

western nations for municipal water treatment. More than 1.2 million people lack safe drinking 

water mostly in developing countries. Apart from high cost of treating water in sub-Saharan 

Africa, waterborne microorganisms are developing resistance to currently used disinfectants such 

as chlorine and coagulants such as Alum. Aeromonas hydrophila and some viruses such as rota 

viruses show evidence of resistance to chemicals used in current water treatment. To meet the 

United Nations Sustainable Development Goals (SDG) no.6 of providing safe drinking water and 

sanitation, alternative and complimentary approaches such as the application of Moringa oleifera 

plant materials and sand filters have been  studied and shown to have advantage over 

conventional water treatment systems, which include  comparatively low cost, availability of 

materials, high accessibility, less skills in the technology and maintenance, high safety, high 

ecological sustainability, less energy intensive and high level of efficacy. Previous research 

regarding the application of Moringa oleifera (MO) seeds have focused on the isolation of 

bioactive coagulant ingredients for more than four decades, with little attention directed toward 

field application in small and large-scale water treatment applications. Slow sand filters take 

more than two weeks to generate clean water but there have been few studies directed towards 

integrating Moringa oleifera and other plant disinfectants with sand filters to generate clean 

water in a relatively short retention time of approximately 6 hours at faster flow rates, generating 

a more compact filter unit. Based on pilot scale and localized trainings carried out on this green 

and sustainable technology, efforts to use it across Africa and other countries is recommended. It 

is therefore recommended that United Nations Refugees Agency, UNICEF, UNDP, WHO in 

liaison with African Union use this approach in their health promotion programmes to address 

water and sanitation challenges inherent on the continent.  
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1. Motivation 

 

This research work was highly motivated by the increasing challenges posed by poor water and 

sanitation in developing countries fraught by several impediments that have lingered on for quite 

a long time since the launch of the Millennium Development Goals which are unable to 

effectively address water and sanitation gaps in Africa and now the current era of Sustainable 

Development Goals. 

 

The World Health Organization has estimated that up to 80% of all diseases and sicknesses  

in the world are caused by inadequate sanitation, polluted water or unavailability of water  

(Pritchard et al., 2009 and Yongabi et al., 2010). Faeces and garbage resulting from improper 

sewage disposal are the major source of pathogenic organisms in water, especially the causative 

agents of diarrhoeal and dysentery diseases. Faeces are attractive to flies that support the 

development of the larval stages (maggots) of filth flies. The COVID-19 pandemic which has 

affected more than 200 countries and territories around the world have reported more than 10 

million confirmed cases and the death of  about 0.5 million. In Africa, the total number of 

reported cases is 336,019 and the total death is around 8,856 as of the 25th of June. Non-

Pharmaceutical Interventions (NPI) measures were introduced to  curb the spread of  COVID-19, 

which include self-isolation when  people are sick, as well as physical distancing, hand washing, 

hygiene improvements, working from home and closing schools. COVID-19 Non-

Pharmaceutical Interventions (Hand wash) has put more pressure on water usage, yet more than 

1.2 billion people in the world lack safe drinking water with the burden weighing significantly in 

resource-limited countries  in Africa, Asia and parts of South America (Pritchard et al., 2009; 

UNICEF, 2009). 

 

An average person in Africa cannot consistently boast of 125 liters of potable water per person 

per day, yet hand washing frequency with water to contain COVID-19 means that water use and 

water drinking per day per person has astronomically increased. More than 80% of Africans do 

not have potable water and more than 80% of the endemic diseases are water-borne such as 

typhoid fever and other gastrointestinal diseases with a high toll on children from age 0-5 years. 

After malaria, diarrheal diseases are the second prevalent infections amongst children. Yet, very 

few primary and nursery schools in Africa, especially in the rural areas, do have water filtration 

units in classrooms. Additionally, poliomyelitis is also a  viral water-borne disease which has not 

been effectively eliminated. This is a disease of high public importance as one of the key 

vaccinations for children across Africa is Polo vaccine, yet the vehicle for transmission - water is 

not given due consideration in most polio health promotion programmes (UNICEF, 1993; UNEP 

2002; Zhang et al., 2006; UNESCO, 2007; UNICEF, 2009). 

 

Conventional water filters remain exorbitant for more than 80% of Africans. For this purpose, 

majority of Africans especially n rural areas and urban slums, depend on untreated well and 

surface water for drinking and other uses. For most city dwellers in Africa, pipe borne water 

flows irregularly with most houses not connected to the national water grid. The governments in 

these countries have been advised in many publications of the  need to do more in providing safe 

drinking water to  the populace, which despite spending a significant amount of money 

importing chemicals such as chlorine and alum to treat water as well as the deployment of high 
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and expensive technologies such as reverse osmosis amongst others to treat water is still 

lacking. Therefore, water treatment and provision has remained irregular for most of Africa, 

generating an always existing water crisis. Yet, all the economic sectors including agriculture 

largely depend on water (Pritchard et al., 2009; UNICEF, 2009). The commonly cheap 

alternative found in some homes in Africa is the Candle filter imported from Asia, which is 

however still expensive for more than 70% of Africans.  

 

 
 

Figure 1: The Candle filter 

 

Sanitation and hygiene is largely dependent on water availability. However, 1.2 billion people 

lack adequate water supply, and approximately, 2.5 billion people in the world lack adequate 

sanitation facilities (UNICEF, 1993; UNEP 2002; Zhang et al., 2006; UNESCO, 2007; UNICEF, 

2009). There is clear evidence of poor compliance to WASH in Africa to contain COVID-19 due 

to lack of safe water which, systematically, affects people living in both urban, semi urban and 

rural areas of Africa. COVID-19 pandemic is adding to the already existing water burden of 

cholera, typhoid, dysentery and many other infectious viral diseases such poliomyelitis, rota 

and hepatitis viruses. Frequent hand washing also means that huge volume of waste water is 

generated domestically, industrially as well as in hospitals as hospital waste water. 

 

The SDG 6 seeks to ensure universal access to safe and affordable drinking water for all by 

2030, which requires that we invest, adequately, in water infrastructure, provide sanitation 

facilities, and encourage hygiene at every level. Protecting and restoring water-related 

ecosystems such as forests, mountains, wetlands, and rivers is essential if we are to mitigate 

water scarcity. More international cooperation is also needed to encourage water efficiency and 

support treatment technologies in developing countries.  

 

By 2030, it is imperative to: achieve access to adequate and equitable sanitation and hygiene for 

all and end open defecation, paying special attention to the needs of women and girls and those 

in vulnerable situations; improve water quality by reducing pollution, eliminating dumping and 

minimizing the release of hazardous chemicals and materials, halving the proportion of untreated 

wastewater and substantially increasing recycling and safe reuse globally; increase substantially, 

water-use efficiency across all sectors and ensure sustainable withdrawals and supply of 

freshwater to address water scarcity and substantially reduce the number of people suffering 

from water scarcity; implement integrated water resources management at all levels, including 

through transboundary cooperation as appropriate. 
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To achieve this, there is a need to expand international cooperation and capacity-building support 

to developing countries in water- and sanitation-related activities and programs, including water 

harvesting, desalination, water efficiency, wastewater treatment, recycling and reuse 

technologies. While on the other hand, there is need to support and strengthen participation of 

local communities in improving water and sanitation management. The questions remain if these 

technologies and strategies in place alone would solve the problem? Ecological Sanitation 

(ECOSAN) technologies though simple are slightly expensive to adopt for most rural dwellers in 

Africa who are not educated and are poor.  Furthermore, the semi-urban settlements are slums, 

hardly planned with recycling or water management options. This means that pathogen burden in 

the environment is equally very high; channels/ wastewater ways are clogged with garbage, 

polyethylene etc. 

 

Water is a decisive resource for economic, social and environmental integration as well as an 

inevitable tool for sustainable development. The water and sanitation decade (1981-1991) has 

come and gone, yet, the hassles of water scarcity remain. If the anticipated Millennium 

Development Goals of halving water and sanitation problems by the year 2015 was to be 

achieved, then there must have been a drastic paradigm shift in water technology approach which 

was not conceived and adopted. 

 

Yet, in the 21
st
 century, millions of people rely on untreated surface or ground water as their 

main source of drinking water. This water is rarely pure, and pollution from industry, sewerage 

and agricultural runoff all contribute to its contamination. In a report on the progress of drinking 

water and sanitation, WHO stated that despite the world meeting the Millennium Development 

goal of “halving the number of people without sustainable access to safe drinking water”, 748 

million people do not have access to an improved source of drinking water such as a concrete-

capped well. Of this number, 173 million people only have access to an untreated water supply, 

90% of whom live in rural areas (WHO, 2014). These staggering figures have not changed 

significantly and in anticipation of the Sustainable Development Goals (SDG) a drastic shift in 

approach must be carved, otherwise, the SDG 6 may not be achieved.  

 

Standard methods for the treatment of water include coagulation, flocculation, sedimentation 

and disinfection. These methods are often inappropriate due to prohibitive cost and low 

availability of chemical coagulants and disinfectants. Dosage and technique poses some local 

challenges, and for this reasons, efforts to establish appropriate chlorination techniques for wells 

in rural communities is fraught with so many challenges and safety concerns according to 

Yongabi et al., (2011). Emphasis ought to have been focused on downstream, low and cheap 

technologies, largely, at small scale, probably rooted in the culture of the people.  

 

It is evident that most of the Africa population has a water challenge as it is articulated above 

along with the observed poor compliance to WASH in Africa to contain COVID-19 due to lack 

of safe water. This highlights the need to have innovative solutions developed from the people, 

with the people and for the people, to be considered to ensure those populations “with lack 

access to water” are taken on board and the risk factors of getting infected by COVID-19 and/or 

waterborne and water related diseases significantly minimized. As such, it becomes necessary for 

Africa to identify simple, decentralized, yet reliable and effective methods of water treatment 
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which led to the use of plant materials including seeds of Moringa oleifera (Yongabi, 2004). 

This is also is a direct response to the call of the African Scientific Research and innovation 

Council (ASRIC) to utilize African talents and resources to support Africa’s intervention to 

COVID-19.     

 

2.0  Scientific Background 

 

Evidence suggests that extracts from Moringa seed possess both coagulating and antimicrobial 

properties and are safe for human health. On the other hand, the evidence of heavy metals 

removal from water by the seeds of Moringa oleifera through its coagulant properties in water 

treatment is convincing. In furtherance, the seeds from Moringa oleifera have proven effective in 

water treatment and have been used on a small scale in rural, low socioeconomic areas for many 

years where alum salts and chlorine have limited availability and relatively expensive (Pritchard 

et. al., 2010 and Olsen, 1978).    

 

Moringa oleifera belongs to the family of Moringaceae, order brassicales and in the division 

magnoliophyta. Previous studies demonstrate that Moringa seed possess a bioactive protein 

(Moringa Coagulant Protein-MOCP) responsible for turbidity removal from water. In villages in 

Benue state of Nigeria; more than 95% of the houses have a Moringa tree. An average of 20 seed 

bearing pods was observed with an average of 12 seeds per pod. One seed treats a liter of turbid 

water (with a turbidity of range of 100 to 200, NTU). Phytocompounds ranging in size from 20 

to 66 kDa have been identified in Moringa oleifera seeds extract. When whole seeds were 

soaked in water for 5, 15 and 37 hours, a 20kDa hemagglutinating protein was observed (Santos 

et. al., 2005). The concentration of the protein was 75, 157 and 208mgmL
-1

 respectively. This 

was compared to that of the crushed seeds which had a concentration of 90mgmL
-1

 after five 

hours (Santos et al. 2005). A similar study reported a 30kDa, thermo stable, basic protein which 

when denatured under reducing conditions, appeared as a 26.5kDa band on SDS-PAGE(Santos 

et al. 2009). This protein has also been shown to cause coagulation and is comparable with alum 

unless in the presence of calcium and magnesium ions; where no coagulation activity was 

detected (Santos et. al. 2011, Santos et. al. 2009). A 66kDa protein with coagulant activity was 

observed in an extract solution that also contained MO2.1. This protein bound to an anion 

exchange column and was eluted using 0.3M NaCl. Two proteins sized 20 and 40kDa were 

observed in the same solution (Agrawal et al. 2007). The antimicrobial activity of these proteins 

has not been examined. 

 

Plants produce many functional proteins with similar structures and purposes. Thus so far 

discovered in M. oleifera range in size from 6.5 to 66kDa and all exhibit antibacterial and/or 

coagulant properties. A distinct disadvantage of using crude M. oleifera extract for water 

treatment comes from the increase in organic plant matter and the associated nitrates, phosphates 

and organic carbon to the water (Yin 2010, Ndabigengesere and Narasiah 1998b, Bhuptawat et 

al. 2007, Sengupta et al. 2012, Ghebremichael et al. 2006). The increased concentration of these 

nutrients encourages the re-growth of organisms (Ghebremichael et al. 2005, Poumaye et al. 

2012) and where used as a co-treatment with chlorine has the potential of trihalomethane 

formation (Ndabigengesere and Narasiah 1998b, Bhuptawat et al. 2007). Bacterial regrowth has 

been reported to occur in as little as four hours (Pavankumar et al. 2014). It is therefore 

recommended that water treated with the crude extract be used immediately, rather than stored. 
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However, further research has concluded favourably a number of ways to apply the technology; 

either the water is pre-treated with the moringa seed powder and then subjected to sand filter 

system or the coagulant and disinfectant protein are extracted and used directly or coated to sand 

particles for use or the extraction of the oil and organic matter carried out; then the residues are 

used to treat water or the aqueous extract of the moringa seeds used to generate a functionalized 

sand called f-sand and used then to purify water.The slow sand filter is inexpensive, easy to 

install and has been used as an effective means of treating water for more than a hundred years.  

 

A combination of biological and mechanical processes is responsible for this. When water is 

poured on the top layer of the filter bed, the organic material it carries is trapped at the surface of 

the fine sand forming a biological layer “Schmutzdecke”. This biofilm layer matures over a 

period of three weeks or more depending on the volume of water, the amount of nutrients and 

microorganisms in the water. A slow sand filter has shown to remove more than 96% of fecal 

coliforms, 100% of protozoa and helminthes and 50-90% of organic and inorganic toxicants 

from water. However, the formation of the biofilm layer is crucial and for water with low 

turbidity, effective filtration is compromised. Furthermore, the filtration rate is very slow (0.1 to 

0.3 m2/L) and takes more than three weeks for effective filtration. Integration where 

pretreatment with a one stop coagulant and disinfectant and filtered through a sand filter solves 

the inherent barriers in the two technologies. On the other hand, natural coagulant sand 

disinfectants have been used for many centuries in Africa to treat water but have their own 

demerits such as shorter shelf time and high organic matter in the treated water. 

 

2.1 Evidence Based Pilot Scientific Studies Carried Out  

 

We decided to deeply explore African indigenous knowledge in water and sanitation across 

Africa from the year 2000 till date. We noted a rich culture across Africa for more than 5 to 6 

decades ago on how Africans purified their water for drinking. We started a collection of 

Indigenous Knowledge in domestic water purification in Rural Africa: Where 

anthropology inspires Biotechnology for sustainable development goals.  We noted that the 

flora of Africa is rich with a lot of medicinal plants and macro fungi which people in the rural 

areas are quite familiar with, and some of the plants have the potential to serve as biofilters or 

raw materials to produce biofilters. 

 

We came across Moringa oleifera widespread across the whole of Africa with extensive 

evidence base research in water treatment applications.  Previous research regarding the 

application of Moringa oleifera seeds have focused on the isolation of bioactive coagulant 

ingredients for more than four decades, with little attention directed toward field application in 

small and large scale water treatment applications. 

 

We noted that the most important step in water treatment is disinfection, so attention has been 

focused on screening plants for coagulant and disinfection activity (Eilert, 1978; Jahn, 1981; 

Muyibi et al., 2002a; Kebreab et al., 2005; Amir et al., 2010), but not all coagulants are 

disinfectant. Sofowora (1982) and Yongabi (2004) reported that Africa has as much as 300,000 

medicinal plants and a significant number of these plants have disinfection antimicrobial 

potentials against disease causing microbes.  
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Figure 2: A select identity of some African plants for water purification 
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A detailed study on the use of plant biomass to purify water at low cost has been extensively 

understudied. Here is a link to the study  for  future relevant details  “ A Sustainable Low-Cost 

Phytodisinfectant-Sand Filter Alternative for Water Purification”. An inventory on 

biocoagulants and traditional African methods of water purification as a well as guidelines for 

selection and field use is provided in the web link below. Guidelines on the possible integration 

of plant materials with sand filter device for water and wastewater treatment is also highlighted 

in the link below. Aspects of how this technology and skills can be handed down to communities 

to accelerate inclusive community household water treatment in rural Africa can be accessed via 

this link; http://www.iobbnet.org/iccb-africa/phyto and www.iobbnet,org/drupal /forum/69 
 

 

 

Figure 3: Moringa oleifera seed 

We undertook extensive bench work testing the efficacy of the moringa seeds using different 

turbid and contaminated water to corroborate the reports obtained from literature and indigenous 

practice. Fig. 4 below shows the effect of moringa seed used in the purification of storm water 

against known control alum. We found that 3kDa polyelectrolyte, a distinctly different type of 

active compound from M. oleifera seeds, reported to be 3kDa in size, is neither a protein, lipid 

nor polysaccharide but a negatively charged polyelectrolyte. This compound was extracted in a 

1M NaCl solution and once purified, only caused coagulation in solutions containing bivalent 

cations. 

 

Figure 4, shows treated storm water with moringa seed extract and Alum (Control). We also 

looked at bench scale tests to demonstrate water purification ability of moringa over time as 

shown in Fig 5. In one minute of contact of turbid water with moringa seeds, purification begins 

and in ten minutes, a significant turbidity reduction is demonstrated (Fig 5). In Fig. 6, the 

moringa seeds also demonstrated purification potential in wastewater treatment applications. We 

also found plants other than Moringa that can treat various types of polluted water. In Fig. 7, we 

demonstrated the potential of Aloe vera extracts in treating and disinfecting hospital wastewater. 

https://digital.library.adelaide.edu.au/dspace/bitstream/2440/86583/8/02whole.pdf
https://digital.library.adelaide.edu.au/dspace/bitstream/2440/86583/8/02whole.pdf
http://www.iobbnet.org/iccb-africa/phyto
http://www.iobbnet,org/drupal%20/forum/69
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Figure 4: Wastewater from a kitchen being treated with Moringa oleifera seeds in comparison with 

Aluminium sulphate treatment   

 

 
 

Figure 5: Water purification ability of moringa seeds over time 
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Figure 6: Slaughter house wastewater (Untreated slaughter house water Blood red in glass 1 -left) treated 

with Moringa seeds (treated water transparent in glass 2-Right) demonstrating the ability to treat 

wastewater 

 

 

 
Figure 7: Wastewater samples from Hospital blood Bleeding (Haematology) unit being purified with 

Moringa seeds 

 
A foam disappears after treatment with Moringa oleifera 

H marked reduction in turbidity and microbial load 

M Foamy hospital wastewater treated with Moringa  
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However, we noted that although moringa seeds take about ten minutes to purify turbid water, 

the treated water cannot be stored for more than two days because it becomes re-contaminated 

with bacteria growth due to the organic content of moringa.  For this purpose, we considered 

integration with sand filtration. On the other hand, sand filtration takes between 7 – 14 days to 

generate clean water. We noted that integrating Moringa oleifera and other plant disinfectants 

with sand filters to generate clean water in a relatively short retention time of about 6 hours. 

We finally developed a cheap alternative bio-coagulant-sand filter system for water purification 

within a short time of 6 hours filtration time.   

 

This system “bio-coagulant-sand filter system” was piloted (developed and tested) in three 

different places with different water sources and quality, Jos Plateau State -Nigeria at 

Archdiocese of Jos Catholic  Church;  ZERI Research Centre of Abubakar Tafawa Belewa 

University, Nigeria; and Catholic Pastoral Centre, Bamenda Cameroon. The three pilot studies 

demonstrated safety and efficacy, where all the treated water samples all met the WHO standards 

for drinking water. These demonstrated the fact that this system “bio-coagulant-sand filter 

system” is a paradigm shift in Africa’s water treatment and solution paving the way to an Afro-

centric derived WASH.   

 

3.0 Establishment of Moringa Sand Filter Hybrid Technology  

 

What follows is a vivid description on how the moringa sand filter hybrid technology can be set 

up in different levels i.e. community scale; classrooms/schools; and household along with its the 

system design. 

 

3.1    System Design  

 

In order to validate the efficacy of a moringa sand filter, four experimental rigs were constructed.  

A series of experiments were carried out to prove the concept that Moringa-disinfectant sand 

filter system could enhance water purification. The test rigs were made of plastic acrylic tubing 

of bed depth 0.5m (50cm), with external diameter of 50mm, inside diameter of 44mm and 

thickness 3mm. An allowance of 2 cm (20mm) was allowed at the bottom and top portions of the 

rigs. At the bottom, it was packed with porous glass disc or rock wool while at the top space was 

provided for turbid water to sit. Unlike previous rig designs (Hatt et al., 2005, Pritchard et al., 

2009), the test rigs in this research were modified.  Four Teflon taps with plastic valves was 

fitted at a 12.5 cm distance on the walls of the rig.  This was done to collect filtered water at 

various bed depths every 15 minutes residence time for up to an hour.  The feed reservoir was a 

five-litre plastic bucket with a collector into which filtered water was collected (rig diagram 

attached as in fig. 8 and fig. 9). 
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Figure 8: Body filter 
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Figure 9:  Water filter 
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Figure 10:  Bench scale laboratory rig to demonstrate Moringa-sand filtration (Yongabi, 2010) 

 

The rigs were layered with Moringa and fine sand (details can be provided) and synthetic turbid 

water was simulated with bentonite and contaminated with E coli bacteria, Aeromonas and other 

microbes in independently and filtration carried out against controls. The results indicated 

filtration and disinfection of water within an hour retention time. The PH was stabilized while no 

metals were identified using photometric analyses. 

 

3.2 Moringa Sand Filters Hybrid Technology 

 

The Moringa sand filter is easy to be constructed using locally available materials which are 

(Sand, Gravel and Charcoal along with Moringa seeds). All materials used in the construction of 

the sand filter are to be locally gotten at a river bed but ceramics if available can be crushed and 

made to the size of fine and coarse sand (0.01mm to 0.5mm for fine sand and above 0.5 mm for 

coarse sand). It would be necessary to use 2 layers of sand with different size which are 2mm for 

coarse sand and fine sand 0.15 - 0.30mm.   

 

A. Large Scale Moringa Sand Filter Hybrid System Filter Builds Up 

 

A.1. The System 

 

The system is composed of 2 tanks, each of the capacity of 1,000 litres (one for the unfiltered 

water while the other for the filtered water) and the filter “a drum container could be used”. The 

tanks and the drum container should have a washing valve to be mounted on their bases.   

Figures 11 and 12 below shows ecological water treatment unit using moringa hybrid sand 

system. This unit treats more than 1000 litres every 6 hours depending on the rate of use and 

level of turbidity. It was constructed for a community of 150 people in Kom Village, North West 
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region of Cameroon. Normally, the water is pumped from the well (water source) as raw 

untreated/ unfiltered water into the raw water tank. The raw water tank that was used in this 

project has a capacity of 1000 litres. The maximum level of unfiltered water in the tank is 800 

litres while the minimum level of unfiltered water is 300 litres. The most important stage is the 

filtration tank. The filter tank that was used is a 250-litre carrying capacity drum as shown in the 

picture below.  

 

The height of the tank is about 104 cm and it was carefully layered as follows: from bottom to 

top, gravel is laid (13cm); charcoal (12cm); coarse sand (17cm); fine sand (25cm) and a moringa 

layer (12cm) with a free space at the top for unfiltered water to sit (25 cm). The moringa layer 

can be altered based on the choice of using a functionalized fine layer. The process of generating 

functional (f-sand) has been previously described. At least, 800 litres of filtered water sit in the 

pure water tank. This, however, depends on the usage level. 

 

 
 

Figure 11: A large-scale community Moringa Sand filters system set up in Cameroon by Prof Yongabi 

(Yongabi, 2012) 

 

 



15 

 

 

 

Figure 12: Water well excavation by water pump that powered by solar energy 

 

A.2. The Filter  

 

For a large-scale Moringa sand filter hybrid system (1000 liters) filter as shown in Fig. 11 and 

12., the following approaches can be used;  

 

 All the materials (sand, gravel and charcoal) are to be carefully washed and rinsed 

repeatedly in clean water to ensure that all the materials for the filter do not carry any 

debris. 

 The hose is then attached and connected to the collector tank at the bottom of the 

filter, then the gravel is laid, followed by a layer of charcoal, then coarse sand (2mm 

in size), and a layer of fine sand (0.15- 0.30mm size) with each bed depth described 

above. The moringa layer is now placed. Mature seeds of Moringa oleifera obtained -

about 1000 seeds should be crushed with the shell using a clean pestle and mortar and 

made sure it is pulverized. The powder (from 1000 seeds) should be spread on a fine 

sack cloth to make a layer with bed depth described above and carefully placed 

superimposed onto the fine sand layer.  Note that for moderately turbid water one 

seed (0.2g) treats 2 litres of water. If the turbidity is above 50NTU or water observed 

to be very turbid, then one seed will be used into one litre of turbid water. This set up 

above is considering a large scale Moringa sand filter hybrid system as shown in 

Fig.13.  
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Figure 13: The filter  (The height of the tank is about 104 cm and it was carefully layered as follows: from 

bottom to top, gravel is laid (13cm); charcoal (12cm); coarse sand (17cm); fine sand (25cm) and a 

moringa layer (12cm) with a free space at the top for unfiltered water to sit (25 cm). 

 

A.3. Operation and Maintenance 

 

Generally, the filter bed has a life span of 2 years but the top layer of fine sand can always be 

cleaned and replaced after every 6 months after checking. The moringa sand coating can be 

replaced after every 3 months. This all depends on the type of water being used.  Generally, the 

water maintenance committee should have a check once in two months. 

 

The flow rate through the filter will slow down over time as the pore openings between the sand 

grains become clogged. When the flow rate drops to a level that is inadequate for the household 

use, the filter needs to be cleaned. This is done by a simple ‘swirl and dump’ procedure 

performed on the top of the sand, and only takes a few minutes. 

 

The swirl and dump process consist in agitating the surface sand, thereby suspending captured 

material in the standing layer of the water. The dirty water is than removed and dumped away. 

The process can be repeated as many times as necessary to regain the desired flow rate. The need 

for cleaning depends on the amount and quality of water being put through the filter. If the water 

is relatively clean the filter can likely run for several months without this maintenance procedure. 
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Kindly note that if the water is very turbid where the turbidity levels are greater than 50 NTU, it 

is advised that the water should first be strained through a cloth before applying it to the 

unfiltered water tank.  

 

B. Drum Container Moringa Sand Hybrid Filter Builds Up 

 

Another good example on the utilization of the moringa hybrid sand system is the sand filter 

drum, which can be used by household of 5-10 family members (fig. 14) as shown below.  

 

B.1. The System 
 

The insulating materials are plastic drums and stainless steel that are free from rusting with a 

capacity of 240 liters. The sand filter drum has been very efficient in treating well water, 

borehole, and deep stream water and wastewater. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    

Figure 14: Moringa hybrid sand system for household of 5-10 family members 

B.2. The Filter 

 

For a Moringa sand hybrid filter drum done for household use as shown in Fig. 15, the following 

approaches can be used. Kindly note that the system is composed of 2 drums which are: the filter 

drum and the filtered water drum.    

 All the materials (sand, gravel and charcoal) are to be carefully washed and rinsed 

repeatedly in clean water to ensure that all the materials for the filter do not carry any 

debris. 

 Insert the hose pipe to the base of the filter drum. The hose is then attached and 

connected to the filtered water drum. The height of both drums used is 98cm. 

Drum 1:  Sand filter drum  

240-liter capacity 

Container length should be not 

less than 1 M   

Drum 2: Filtered water storage. 

B.  Clip 

C.  Colleting tap 

 

Drum 1 Drum 2 
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 On the filter drum, a layer of 12cm of gravel is laid followed by a layer of 11cm of 

charcoal (>8mm), then a layer of 15cm coarse sand (2mm in size),  a layer of 25cm of 

a fine sand (0.15- 0.30mm size), and finally, the moringa layer of 10cm with a free 

water space to sit of 25cm. The drum collecting filtered water normally will have at 

least 200 litres of water at each cycle but this depends on household water use burden. 

The moringa effect can be introduced to this filter in one of the three ways explained 

thereafter:  

 In Approach one, 100 seeds of the moringa seeds and shell are crushed and tied in a 

sackcloth, then placed in 100 liters of water for 15 minutes at least, the water is then 

poured on to the sand filter drum/ container.  

 Approach two, is to place the sackcloth containing the moringa seeds onto the fine 

layer of sand and water is poured into the drum. The sackcloth will be removed after 

72 hours (three days) and the filter can continue to function normally.  

 Approach three, is to generate functionalized sand (f-sand) which can be formed as 

follow: 

o 100 seeds of moringa and shell crushed and placed directly into 100 litres of 

clean water and allowed for about 15 minutes at least.  

o The water is to be filtered off using sackcloth of fine tea sieve. Then the clean 

fine sand (2cm thick) is soaked into the Moringa seed extract and allowed for 

a sitting time of 30 minutes, the coagulant protein sticks to the sand surface 

forming the f-sand.  

o The Functionalized sand is now packed into the surface of the filter and turbid 

water poured in two hours later. 

 

 
Figure 15: Moringa sand filter (The height of the tank used is about 98 cm and it was carefully layered as 

follows: from bottom to top, gravel is laid (12cm); charcoal (11cm); coarse sand (15cm); fine sand 

(25cm) and a moringa layer (10cm) with a free space at the top for unfiltered water to sit (25 cm). 
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B.3. Other Application  

 

The sand filter drum also can be modified to bucket design to be used as handwash stations in 

schools. However, this may not be safe as a drinking water as the depth of the container and the 

treatment time can’t be controlled considering that the 6 hours filtration time is needed (fig. 16 

and fig. 17).  This is ideal for the prevention of COVID-19, the system is innovative as one 

would hardly get a hand washing unit with a filter inbuilt. 
 

 

  

 
 

 
Figure 16:  The filter for the bucket system (The height of the bucket is about 16 cm and it was carefully 

layered as follows: from bottom to top, gravel is laid (3cm); coarse sand (3cm); fine sand (4cm) and a 

moringa layer (2cm) with a free space at the top for unfiltered water to sit (4 cm). This can be up scaled 

according to the height of the bucket. The moringa layer can be converted and added up to free space for 

unfiltered water to sit should in case f-sand is used. 
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Figure 17: Moringa hybrid sand system bucket (10 litres carrying capacity) designs for classrooms in 

schools.  

 

B.4. Operation and Maintenance  

 

For the house hold water filter and class room water filter model, it is recommended that the 

filter be washed and cleaned once in 6 months.  The life span of the filter is 2 years but the top 

layer of fine sand can always be cleaned and replaced after every 6 months after checking. The 

moringa sand coating can be replaced after every 3 months. 

 

4. Recommendation and Way Forward with Moringa Sand Filter Hybrid Technology 

 

This technology is vital for the health and well being of our communities and it is advised that it 

should be introdused to the following: 

1. Schools across Africa to get potable water 

2. Slums where water is a major  setback 

3. Refugees camps where water is scarce 

4. Vunerable communities where women and chldren spend  long hours treking to fetch 

water 

5. Hospitals and medical units in Africa 

6. Slaughter house wastewater  

7. Separate and recover water used in making slurry for biogas generation 

8. Recover water used in fish pnds for fish farming 

 

Goverments and NGOs along with UN agencies, WHO and AU should consider scaling up the 

utlization of such technology and avail  the needed funds and support to benefit the African 

communities and other communities that are sufering from water shortage and water stress.   
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On the level of the African Scientific, Research and Innovation Council, it is imperative to 

introduce and publicize this technology to the AU Member States, to conduct capacity building 

programme and training to transfer this technology to its members. There is a need to upscale 

this technology for wastewater management and more R&D to produce commercial potable 

water hybrid Moringa sand filters.         
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