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Abstract 

Attention has been rising towards natural water purifying agents as the 

effect on human health and the environment of synthetic chemicals 

became evident. Maerua sucordata has been used as a natural coagulant 

traditionally by rural communities living around Omo River. This study 

focused on the coagulation properties of Maerua subcordata powder and 

its effect on bacteriological properties of water. The powder was prepared 

by cutting the root into pieces, drying on sunlight, crushing by 

traditional mortar and pestle, and finally ground by traditional mill and 

sieved.  

The optimum dose was determined by jar test using turbidities 500, 370 

and 240 FTU. The workable turbidity was 370 FTU; with which further 

tests were made. The powder was used to treat water with known 

turbidity as a primary coagulant and also with alum. Its efficiency was 

compared with alum and Moringa. The powder, when used alone 

decreased the turbidity of water from 370 FTU to 8 FTU upon 1 ½ hr 

settling, while Moringa achieved 9 FTU. This was much lesser compared 

with alum. When used in combination with alum, 1:1 mixture reduced 

the same turbidity to 6 FTU and 2:1 ratio of alum to Maerua produced 8 

FTU with the same settling time. Maerua powder can give best results, 

i.e. in the WHO guideline range, upon longer settling time. On the 

contrary, turbidity of the water treated with Moringa powder had 

regained upon longer settling times. Maerua powder was effective at 

moderate turbidity.  

 

The effect of Maerua subcordata powder on bacteriology of the water was 

insignificant. Only 66.7 % reduction in fecal coliform count was 

observed.  

Key words- Maerua subcordata, jar test, residual turbidity, turbidity,   

                   bacteriological quality, total coliform, fecal coliform.   
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1. INTRODUCTION 

1.1 Background   

 

Water to be used for drinking should be free from bacteria, viruses, 

protozoa and helminthes. However, due to low water supply coverage in 

Ethiopia, large number of people (over 75%) takes water from unprotected 

sources that are heavily contaminated with microbial pollution (Mudgal, 

2001).  

It is well known that more than 88% of the global diarrhea diseases are 

water-borne infections caused by drinking unsafe and dirty water. It is 

also estimated that 1.1 billion people in developing countries have no 

access to clean water, and 2.4 billion people have no any form of 

sanitation services (WHO, 2002).consequently , 250 million are exposed to 

water-borne diseases resulting in 10-20 million deaths every year 

(Pironcheva, 2004). 

The treatment of water in order to make it suitable for drinking, domestic 

or industrial use include a combination of physical, chemical and 

biological methods which change the composition of water. The selection 

of water treatment systems depend on the quality of the raw water and the 

quality specifications of the purified water. The principal processes of 

improvement of the quality of water for domestic use include clarification 
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(sedimentation), discoloration, deironing, and disinfection (Kastalsky et al, 

1989). 

Coagulation and flocculation processes require addition of chemicals that 

are called coagulants. Aluminum and iron salts together with artificial 

organic polymers are the coagulants most commonly used in water 

treatment. Use of aluminum-based coagulants increases the concentration 

of aluminum residuals in the treated water which may cause Alzheimer 

disease that affects especially older people and prevents the brain from 

functioning normally, causes loss of memory and loss of ability to speak 

clearly (Miller et al., 1984). Therefore, it is desirable that cost-effective and 

more environmentally acceptable alternative coagulants be developed to 

supplement if not replace alum, ferric salts and synthetic polymers. In 

this context, natural coagulants present viable alternatives for developing 

countries.  

Dry seed suspensions of Moringa oleifera proven effective natural 

coagulants and much attention has been paid to ways in which these 

suspensions can be used (McConnachie, 1993). Early studies (Folkard et 

al., 1993) on Moringa seeds have shown that crude aqueous suspension of 

the plant material when used as a coagulant, produces water of similar 

clarity to tap water and its use is recommended as a water treatment 

coagulant in low-income countries. Similar studies have been conducted 
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with other plant materials such as Nirmali seeds (Al Samawi and 

Shokralla, 1996).  

Maerua subcordat plant, a wild shrub that is indigenous to many tropical 

countries and common in East Africa has the same natural coagulant 

properties as the above mentioned plants (Verdcourt and Trump, 1969).  

Jahn (1981) reported that the Pokomo communities in Kenya use Maerua 

roots for water clarification. Hunde and Adam (1991) conducted a 

preliminary study on water clarification properties of Moringa stenopetala 

and Maerua subcordata.   

  

1.2 The problem  

 

According to the Ethiopian Water Resources Management Policy (2007), 

the average access to clean and safe water supply is about 17% of the 

total population of Ethiopia, which is of a very low supply and coverage 

level even by Sub-Saharan African standards.  

The use of sophisticated technologies and different chemicals in the 

context of developing countries for their water supply activities is 

inappropriate. Shulz & Okun (1984) commented that coagulation and 

rapid mixing, flocculation, sedimentation, filtration and disinfection are 
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inappropriate in rural areas of developing countries. In this situation the 

use of natural purifying agents is indispensible.  

Maerua subcordata is a wild plant in the Hamer, Benatsemay, Dasenech 

and Gnangatom woredas of South Omo zone in SNNPR. Ato Gnemere 

Lobet, who is the head of Dasenech woreda culture and information office, 

during personal conversation made on March 20, 2009 explained that the 

M. subcordata plant is locally called ‘goulf’ . Its root has been used to 

purify turbid water since longer time. 

 

1.3 Scope of the study 

 

This study focused on some basic coagulant properties of Maerua 

subcordata powder in evaluating its optimum dose, efficiency as a primary 

coagulant and as aid at different turbidities. Survey of the traditional 

practice was also carried out. 

But different formulations of the root, like the juice and the efficiency of 

other parts of the plant were not studied due to time and financial 

constraints. Moreover, the chemical composition of the plant and its 

toxicity are beyond the scope of this project.  
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 1.4 Objectives of the study 

1.4.1 General objective 

The general objective of the study was to investigate the efficiency of 

Maerua subcordata as a purifying agent for potable river water.   

 1.4.2 Specific objectives    

The specific objectives of the study were: 

1. to identify the efficiency of Maerua subcordata as 

primary coagulant and as aid in removing turbidity.  

2. to see its degree of removing bacteriological 

contamination from river water. 

3. to give an insight for further research in Maerua 

subcordata.               

1.5 Limitations to the study  

 

Although the necessary precautions were taken to minimize errors and to 

obtain reliable results, various limitations to the accuracy of the results 

have been identified.  

- Because the powder was made using traditional ways, it was 

difficult to grind it to the maximum.  

- Since the experiment was conducted during dry season, it was 

difficult to get different levels of turbidity from rivers.  
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2. LITERATURE REVIEW 

2.1 Turbidity of Water 

Tchobanoglous and Schroeder (1987) described turbidity as a physical 

property of water. As indicated in American Water Works Association 

(AWWA) (1982) turbidity in water is caused by suspended matter, such as 

clay, slit, finely divided organic and inorganic matter, soluble colored 

organic compounds, and plankton and other microscopic organisms. 

Turbidity is an expression of the optical property that causes light to be 

scattered and absorbed rather than transmitted in straight lines through 

the sample. Correlation of turbidity with the weight or concentration of 

suspended matter is difficult because the size, shape, and refractive index 

of the particulates also affect the light scattering properties of the 

suspension (AWWA, 1982). 

Insoluble particulate impede the passage of light through water by 

scattering and absorbing the rays. This interference of light passage is 

referred to as turbidity. The standard is a suspension of silica of specified 

particle size selected so that a 1.0mg/l suspension measures as 1.0 NTU 

(Viessman and Hammer, 2005).  

Camp and Meserve (1974) explained that the particles in a suspension 

visible either to the naked eye or through an ordinary microscopes and 

they are sometimes large enough to be removed readily by settling (or 

floatation) and filtration. Such particles contribute turbidity or cloudiness 
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to water. The concentration of solids in a suspension may also be 

measured by the suspended solids test, in which the solids are separated 

by filtration through filter paper.  

According to American Water Works Association (AWWA) (1999), turbidity 

has been used for many decades as an indicator of drinking water quality 

and as indicator of the efficiency of drinking water coagulation and 

filtration processes. Achieving adequate turbidity removal should at least 

partially remove pathogens in the source water, especially those 

pathogens which aggregate with particles. Turbidity is a relative crude 

measurement, detecting a wide variety of particles from a wide assortment 

of sources; it provides no information about the nature of the particles. 

High turbidity levels can reduce the efficiency of disinfection. The particles 

may also provide adsorption sites for toxic substances in the water, may 

protect pathogens (and coliforms) from disinfection by adsorbing or 

encasing them, and may interfere with the total coliform analysis.  

To measure turbidity two instrumental methods can be used. The 

intensity of the transmitted light beam can be measured and compared 

with the intensity of the incident light beam. Alternatively, the intensity of 

the scattered beam can be measured in Nephelometric methods, which 

expresses turbidity in NTUs (Nephelometric Turbidity Units) (Stednick 

1991). Measurements made with a conventional turbidimeter are 
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expressed as JTUs (JACKSON TURBIDITY UNITS) or FTUs (FORMAZIN 

TURBIDITY UNITS). 

2.2 Chemical Coagulation and Flocculation  

2.2.1 The process 

Coagulation, as defined by Bratby (1980), is a process in which 

destabilization of a given suspension or solution is effected and 

flocculation is the process whereby destabilized particles or the particles 

formed as a result of destabilization in the coagulation process, are 

induced to clamp together, make contact and thereby form large 

agglomerates. 

Flocculation can generally explained as addition of certain chemicals to 

water containing soluble and finely suspended impurities form an 

insoluble gelatinous substance. The “floc” as a substance is known being 

heavier than water it sinks to the bottom of the container. While 

descending it absorbs colloidal matter. The latter process is called 

coagulation (Mavura et al , 2008).  

According to Cox (1964), an understanding of the coagulation and 

flocculation processes requires a distinction between successive steps in 

the process. First, a coagulating chemical is applied to the water. In order 

that the chemical may react uniformly it must be distributed promptly 

throughout the body of water. This requires rapid agitation or mixing of 

the water at the point where the coagulant is added. Second, complex 
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chemical and physicochemical reactions and changes occur, leading to 

coagulation and the formation of the microscopic particles. Third, much 

more gentle agitation of the water causes the agglomeration of the 

particles; in other words, the fine particles are flocculated into settleable 

flocs (Razavi, 2005 Mahvi and in Mavura et al., 2008). 

The objective of coagulation and flocculation is to remove suspended 

solids and color from the raw water being treated. The coagulating 

chemicals added to the water change the character of the suspended 

particles and cause these particles, which previously tend to repel each 

other, to clamp together forming flocs (Kenneth, 1994). This process starts 

when rapid mixing or stirring takes place immediately after the addition of 

the coagulant.  

According to Hahn and Klute (1994), the main parameters affecting the 

destabilization reactions are initial humus concentration, coagulation PH, 

and coagulant dose. 

2.2.2 Coagulants  

Chemical coagulants are referred to as primary coagulants and coagulant 

aids. Primary coagulants are those that cause the suspended particles to 

become destabilized and begin to come together, while the use of 

coagulant aids increases the size and weight of the slow settling particles 

(Kenneth, 1994). According to Folkard (2003), primary coagulants can be 
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used alone or in combination with coagulant aids during 

coagulation/flocculation processes. 

As explained by Schulz and Okun (1992), metal coagulants can be 

grouped into two categories; those based on aluminum, e.g. aluminum 

sulfate, aluminum chloride and sodium aluminates and those based on 

iron, e.g. ferrous sulfate, ferric sulfate and ferric chloride. Mostly the 

choice of coagulants is made in laboratory by conducting a jar-test.   

The most widely used coagulants for water treatment are aluminum and 

iron salts. The common metal salt is aluminum sulfate, which is a good 

coagulant for water containing organic matter. Iron coagulants are 

effective over a wide pH range and are generally more effective in removing 

color from water, but they usually cost more than aluminum salts. For 

some waters, cationic polymers are effective as primary coagulant, but 

polymers are more commonly applied to aid coagulation. The final choice 

of coagulants and chemical aids is based on being able to achieve the 

contaminant removals and low turbidity desired in the filtered water at a 

lower cost (Viessman and Hammer, 2005).  

2.3 Natural Coagulants 

2.3.1 Introduction  

More recently, Chemeli et al. in Mavura et al. (2008 ) have documented the 

effectiveness of Maerua subcordata plant extracts as a natural product 

used for water clarification. The authors found that M. subcordata juice 
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was the best water clarification agent compared with powdered M. 

subcordata or even the commonly used commercial coagulant, alum. The 

powder was obtained from grinding the plant tubers after drying them. 

Maerua subcordata seems to provide a coagulant, forming flocs through 

chemical or biochemical processes.  

Prosopis juliflora and Cactus latifaria, which have similar natural 

coagulant properties, are indigenous to Venezuela and were also studied 

and found to produce water of good quality that is comparable to tap 

water (Diaz et al., 1999). 

The National Environmental Engineering Research Institute (NEERI) in 

India has studied several plant species to determine their effectiveness as 

coagulant aids (NEERI, 1976; Tripathi et al., 1976 sited in Schultz and 

Okun, 1984).  Seeds from the following plants were studied:  

1. Nirmali tree; Strychnos potatorum 

2. Tamarind tree; Tamerindus indica  

3. Guar plant; Cyamopsis psoraloides  

4. Red sorella plant; Hibiscus sabdariffa.  

5. Fenugreek; Trigonella foenum.  

6. Lentils; Lens esculenta.  

A potentially deleterious side-effect of some natural polyelectrolyte is their 

propensity for increasing the growth of bacteria in the water being treated. 
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Independent studies conducted in India and the Sudan showed that seeds 

from the nirmali and moringa trees, when used as coagulant aids, initially 

removed bacteria from the water, but after several hours the bacteria 

count rose slightly (Shulz and Okun, 1984).  

This phenomenon was attributed to the organic material present in the 

seeds, which was thought to provide additional substrate for the growth of 

bacteria. However, proper disinfection of the treated water will kill 

microbiological organisms, including bacteria. Other potential problems 

associated with natural polyelectrolyte are their wide- spread use as food 

stuffs, which may make then difficult to  produce without causing local  

scarcity; their quality tends to deteriorate in time, and, therefore they 

should not be stored over three months (Shulz and Okun, 1984).  

2.3.2 Moringa oleifera Seeds  

Dry seed suspensions of Moringa oleifera are proven effective natural 

coagulants and much attention has been paid to ways in which these 

suspensions can be used (Mc Connachie, 1993). Moringa seeds are 

crushed and used for water purification as a flocculating agent and 

disinfectant (Yalemtsehay and Drager, 2003). 

Powder seeds of M. stenopetala can be used to clarify muddy water. 

Experiments showed that this powder has the same effectiveness as the 

synthetic water clarifying agents (Melaku et al, 1991). 
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Studies conducted by Folkard et al. (1993) on Moringa seeds have shown 

that aqueous suspension of the plant material when used as a coagulant 

produces water of similar clarity to tap water. According to Jahn (1986) 

and Folkard et al. (1990) seeds of Moringa oleifera have been found to 

contain an effective coagulant with properties comparable to and in some 

cases even better than alum.  

Laboratory studies conducted in the Sudan (Jahn & Dirar, 1979 in shulz 

and Okun, 1984) revealed that seeds from the, Moringa oleifera tree act as, 

primary coagulant, and compared favorably with alum with respect to 

reaction rates and turbidity reductions in the raw water. The results from 

jar testing showed that alum gave only a further 1% reduction in turbidity.  

Extracts from Moringa oleifera have significant antimicrobial activity 

against gram positive and negative fungal species. This helps in 

disinfection of water while treating with it (Jahn, 1988).  

2.3.3 Nirmali Seeds  

The effectiveness of crushed nirmali seeds as a coagulant was verified in 

jar test studies conducted at Johns Hopkins University, Baltimore, 

Maryland. The test runs involved six samples of 500 ml of turbid water 

(4.5 NTU) that were made using a suspension of bentonite clay in water. 

Crushed nirmali seeds were added to the six samples in doses ranging 

from 0 to 70mg/l, and then the samples were subjected to rapid mixing 

for 1 minute, followed by gentle stirring for 2 to 3 minutes and setting for 
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15 minutes. A check on alkalinity and PH before and after the additions of 

the crushed nirmali seeds showed no appreciable change (Shulz and 

Okun, 1984).  

2.3.4 Chitosan  

A remarkable cationic polyelectrolyte called chitosan acts faster than any 

known coagulant from plant materials (Jahn, 1981). It is derived from 

chitin, which is the organic skeletal substance in the shells of crustacea 

such as shrimp, prawns, and lobster. The yield of chitosan varies from 

about 20% of the weight of heavily armored shells such as the claws of 

crabs, to about 35 to 40% of the weight of shrimp shells. Chitosan is 

produced from the partial deacetylation of chitin in concentrated alkali 

solutions at 135 to 1500C. Chitosan has been given interim approval for 

doses up to 10mg/l by the U.S. Environmental protection agency for use 

in drinking water treatment plants. A patent has been issued for its use as 

a water treatment coagulant aid (Shulz and Okun, 1984).       

2.3.5  Maerua sucordata  

Maerua subcordata is a wild shrub that is indigenous to many tropical 

countries and common in east Africa. It has coagulant properties and 

used in traditional water purification (Verdcourt and Trump, 1969). 

During the observation made on March 21, 2009 at Old Omo kebele in 

Dasenech woreda, the plant has small leaves and yellow flowers (Fig. 2.1). 

It was known from local villagers that the fruit has coffee color and edible 

with sweet taste.   
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There are some communities that have been using the root for clarification 

of turbid water in many African countries. Jahn (1981, 1986) reported 

that the Pokomo communities in the Tana District of Kenya use M. 

subcordata branches and roots for drinking water clarification.  

 

Fig. 2.1 Maerua subcordat (goulf) plant. 

According to Edwards et al. (2000), M. subcordata is a low shrub, 1-2 m, 

and grows on rocky ground or on well-drained sandy soil; and also in 

grassland burned every few years and grazed by cattle. It grows in 

Ethiopia in Kefa, Gamo Gofa, Sidama as well as in Tanzania, Uganda, 

Kenya, Sudan and Somalia. The massive rootstock is pounded and mixed 

with muddy water to clear it for drinking and washing (Edwards et al., 

2000). 
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Maerua subcordata juice extract seems to provide a coagulant, forming 

flocs through chemical or biochemical processes. According to Mavura et 

al. (2008) the pH of fresh juice was determined to be 3.5. This is quite 

acidic. However, the pH of fresh water after adding the juice was still 

slightly basic (pH of 8.1). The juice has characteristic smell, which is 

consequently transferred to treated water.  

The results from metal analysis of M. subcordata indicates that there was 

practically no aluminum in the plant extract, and therefore the 

coagulation of turbid water is not caused by aluminum salts as it happens 

with alum. It is also apparent that the coagulation is not caused by iron 

salts. The concentration of protein was found to be an average of 289 

mg/mL of M. subcordata juice (Mavura et al., 2008).  

M. subcordata contains relatively large amounts of polysaccharides, 300 

mg/L, mostly amylopectin which is a branched molecule. Special 

polysaccharides in the roots of M. subcordata are responsible for the 

flocculation of colloidal particles. These molecules form bridges between 

particles, increasing their mass as a consequence, thus causing 

precipitation (Mavura et al., 2008). 

Verdcourt and Trump (1969) during their work on “Common Poisonous 

Plants of East Africa” have mentioned the traditional uses of the root of 

Maerua subcordata for water treatment. A preliminary study on water 
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clarification properties of M. subcordata and Moringa stenopetela was done 

by Hund and Adam (1991). 

The roots of Maerua genus have been widely studied for pharmaceutical 

and toxicity reasons other than water coagulation. As described by Henry 

and Grindley (1949), McLean et al. (1996) and Henry (1984), roots of M. 

subcordata contain poisonous tetramethyl ammonium compounds in 

lesser concentration that cannot cause health risks to humans.  

Unlike Moringa oleifera trees, Maerua subcordata shrubs do not require 

cultivation and are wild vegetation that grow all over the tropical countries 

(Verdcourt and Trump, 1969). When the lower part of the root is cut off for 

water purification the upper part of the root still attached to the stem is 

replanted. In some cases, Maerua root powder is also added to food 

porridge (Hedberg, 1983). 

2.4 Bacteriological property of water   

Bacteriology of water indicates all microorganisms found in water. As 

indicated in American Public Health Association (APHA), AWWA and Water 

Pollution Control Federation (WPCF), (2005), fecal coliform bacteria are a 

subset of the total coliforms and represent only those that live in the 

intestines of warm-blooded animals such as humans, dogs, deer, 

raccoons, skunks, cows, etc. If there are any fecal coliforms in a water 

sample, it has likely been contaminated by sewage or animal wastes. 

Although fecal coliform bacteria might not make you sick, their presence 
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indicates that more harmful bacteria and viruses that accompany fecal 

material might also be present (Kegley and Andrews, 1998). Laboratory 

tests for total and fecal coliforms in water are much easier to   perform 

than rests to detect pathogenic microorganisms in water. 

As indicated in World Health Organization (WHO), (1984) microbiological 

monitoring provides sensitive indication of the extent to which source 

protection, treatment and distribution are effective barriers to the 

transmission of infectious agents of waterborne diseases at the time that 

the samples were taken.   

Majority of fecal bacteria found in stored water are most likely transferred 

from environment through water related activities by way of water 

handling practices. The practice include method of collection from the 

source, transport to the house, drawing of water from storage container, 

keeping the water container clear, and washing hands before collecting 

(Pinfold and Horan; 1981).  

According to Hurst et al. (2002) and Kastalsky et al. (1989) pathogenic 

bacteria and viruses, i.e. parasites of living animals which develop in 

natural waters, can cause various infectious diseases, such as typhoid, 

paratyphoid, dysentery, brucellosis, infectious hepatitis, acute 

gastroenteritis, anthrax, cholera, poliomyelitis, tularemia, conjunctivitis, 

etc. Feachem et al. (1977) described typhoid and cholera as the most 

troublesome waterborne diseases.  
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2.5 Coliform  Test  

Traditionally, use has been made of tests for the detection and 

enumeration of indicator bacteria (bacteria types that are frequently 

associated with pathogens and may indicate their presence) rather than 

for the pathogens themselves. The principal indicator used has been the 

coliform bacteria group (Kelly, 1990). The number of coliform bacteria in a 

water sample has been a good measure of sanitary quality, except that the 

coliform group is comprised of types that have their origin in soils and 

others that have their origin in fecal matter. Having these two sources 

causes the problem that in some instances waters may appear much 

poorer than they really are in that the coliform count may be very high yet 

very few pathogens exist (Stednick, 1991).  

For the purpose of determining the purity of drinking water, swimming 

pools, treated effluent from sewage treatment plants, etc, the membrane 

filter technique is widely used to analyze the presence of coliform bacteria 

(Mara and Oragui, 1985).  A known volume of sample is filtered through a 

filter that is capable of trapping all bacteria. Individual bacteria cells will 

grow on the filter into visible calors over a 24 hour. When the appropriate 

food source containing lactose and an indicator dye is used (Kegley and 

Andrews, 1998).  

Concentration of coliform bacteria are most often reported as the MPN 

(Most Probable Number) per 100ml. Typically the MPN value is determined 
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from the number of positive (lactose-fermenting) tests in a set of five 

replicates made at three different dilutions (15 samples altogether). For 

example, a water sample may be diluted to 10, 1, and 0.1ml per 100ml. 

After incubating five replicates of each dilution in lactose broth at a 

standard temperature for a standard time, 44.50C (+0.20) for 24 (+ 2) hour, 

the number of tubes of each dilution in which lactose has been fermented 

(as noted by the formation of gas) is recorded. The bacteria density is 

predicted as the value most likely to give the observed distribution of 

positive and negative values (APHA, AWWA & WPCF, 2005).  

2.6 Drinking Water Standards  

The chronic effects of organic chemicals such as chlorinated hydrocarbons 

(e.g. trihalomethanes) in drinking water supplies require many decades of 

exposure before their impact can be discerned.  Thus they are not likely to 

be of importance where life span is short and relatively   high incidence of 

water borne infectious diseases Therefore, as enteric diseases are the 

predominant health hazard arising from drinking water in developing 

countries, standard for water quality should concentrate on microbial 

quality (Schulz and Okun, 1984).  

The removal of many chemical constitutes from drinking water requires 

sophisticated treatment processes that are beyond the technical and 

financial capabilities of most communities in the developing countries. 
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According to Schulz and Okun (1984), a safe and potable drinking water 

should conform to the following water quality characteristics. It should be:   

1. free from pathogenic organism,  

2. low in concentration of compounds that are acutely toxic or that 

have serious long-term effects, such as lead,  

3. clear, 

4. not saline (salty),  

5. free from compounds that causes an offensive taste or odor,  

6. non-corrosive, nor should it cause encrustation of piping or staining 

of cloths. 

If potable water supply is the primary use to which water is to be applied 

and if no treatment facilities are available, then a stream standard should 

be imposed to protect the health of the public using that supply, but only 

as a short-term measure. These reflect the quality requirements of potable 

water only in those aspects essential from health viewpoint. Effluent 

quality similar to the natural state of the surface waters are recommended 

for bacterial quality. The coliform standard suggested is based on world 

Health Organization recommendations for untreated water but may be 

impossible to achieve in tropical streams receiving natural runoff.  

The total coliform rule in the Safe Drinking Water Act (SDWA) of USA 

specifies a Maximum Contaminant Level Goal (MCLG) of zero for total 

coliforms, fecal coliforms, and Escherichia coli. The surface water 
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treatment rule specifies a MCLG of zero for Giardia lambia, 

Cryptosporidium species, enteric viruses, and Legionella. The Maximum 

Contaminant Level [MCL] for coliforms allows for a limited number of 

positive samples because of inadvertent contamination, but not for fecal 

coliforms and Escherichia coli. (MCL is an enforceable standard set at a 

numerical value with an adequate margin of safety to ensure no adverse 

effect on human health, while MCLG is a non-inforceable, health-based 

goal set at a level with an adequate margin of safety to ensure no adverse 

effect on human health) (Viessman and Hammer, 2005).     

In order to ensure safe water, national guideline values for drinking water 

should be formulated with reference to the WHO guideline values.  In 

developing national standards, it will be necessary to consider a variety of 

local, geographic, socioeconomic, dietary, and industrial conditions. The 

Ethiopian guideline specification for drinking water quality of some 

parameters is given in Annex-1.  
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3. MATERIALS AND METHODS 

3.1 Powder preparation  

The root of a living Maerua subcordata plant was dug from Dasenech 

woreda of South Omo zone in SNNPR and transported to Awassa. About 

30 cm long root was left for traditional house-hold use test and the 

remaining were cut into small pieces, dried in sun light, crushed using 

traditional mortar and pestle and again dried. Finally it was ground by a 

traditional mill to produce a kilogram of powder and sieved [Fig. 3.1]. 

Moringa stenopetala powder was also prepared by grinding with traditional 

mill.  

 

Fig. 3.1 Maerua subcordat powder. 

Self-administered interview was made to get some qualitative data about 

the traditional use of the Maerua subcordata (goulf).  
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3.2 Jar test  

The jar test was conducted to find the optimum dose of the M.subcordata 

powder, Moringa and alum at particular settling time. Five hundred 

milliliter of water was used in all tests in each of the six beakers of the 

apparatus [Fig. 3.2]. The turbidity levels of 500, 370, and 240 FTU were 

used in the test. These were chosen to represent turbidities of river water 

at different seasons. 

Two jar tests were made for the turbidities of 500 and 240 FTU. Having 

experience from these, only one jar test was conducted for the water with 

turbidity of 370 FTU. The Maerua powder doses used in the jar test for the 

three turbidity levels were presented in Table 3.1. The doses for test-1 

were selected randomly. All the doses for second tests were selected based 

on the first test. That is, the dose that resulted in a minimum residual 

turbidity was used as a reference to set doses for the second test.   

The jar test for alum was done with doses of 0.15, 0.16, 0.17, 0.18, 0.19 

and 0.20 grams of alum. The test was also conducted for Moringa with 

doses of 0.9, 1.2, 1.6, 1.8, 2.0, and 2.2 grams of Moringa powder for the 

first test and doses of 1.00, 1.11, 1.25, 1.36, 1.40 and 1.42 grams for the 

second test.  
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Table 3.1 Doses for turbidities of 500, 370 and 240 FTU. 

Turbidity [FTU] Tests Doses [g/500ml] 

500 Test-1 1.5, 2.0, 2.2, 2.3, 2.4, and 2.5 

Test-2 2.18, 2.25, 2.35, 2.38, 2.42 and 2.45 

370 Test-1 1.14, 1.15, 1.16, 1.17, 1.18, and 1.19 

240 Test-1 0.6, 0.8, 1.4, 1.6, 1.8 and 2.0 

Test-2 1.00, 1.10, 1.15, 1.20, 1.25, and 1.30 

In all the jar tests the same mixing intensity was used. That is, a speed of 

200 rpm for 2 minutes to ensure effective mix and for 15 minutes at 30 

rpm to effect flocculation (Folkard et al., 1987). The residual turbidities 

after one hour and 1 ½ hr settling time were measured.  

 

Fig. 3.2 Jar test setting. 
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3.3 The efficiency test   

The ideal turbidity level with which the Maerua powder is efficient, i.e. 370 

FTU, was taken to see the efficiency of the M. subcordata when used 

together with alum. Because when alum is used with chitosan as 

coagulant aid, its dose gets reduced by 30-50% (Jahn, 1981). In line with 

that, 1:1 ratio [0.085g of alum and 0.085g of Maerua powder] and 2:1 ratio 

[0.1133 g alum and 0.06g of Maerua powder] were tried for the efficiency 

test. 

 

Fig. 3.3 Turbidity measurement by photometer.  

The coliform tests were conducted by membrane filtration method (ISO, 

1997). 100 ml water sample was filtered through a filter paper (pore size 

0.45 µm) using a hand pump.  Media Lauryl Sulphate Broth (MLSB) 

(Wagtech, England) was prepared and 2 ml of it was added on an 

adsorbent pad placed in a Petri Dish. The filter paper was carefully 

transferred with sterilized forceps and placed on the adsorbent pad 
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saturated with the media. The Petri Dish was closed and put in an 

incubator. The incubator was set on 37±0.5 OC for total coliform and 

44±0.5 OC for fecal coliform and incubated for 24 hr. Then the filter paper 

was taken out and colonies were counted.  

Turbidity, total coliform and fecal coliform of the raw water and the 

treated water samples were measured using standard methods. The 

turbidity was measured by photometer (photometer 7100) [Fig. 3.3]. Also 

pH and alkalinity of the raw water and the treated water samples were 

measured to see the effect of M. subcordata powder on these parameters. 

PH was measured by a pH meter (Sension2 HACH) and the alkalinity was 

measured by titrating with H2SO4 using Bromophenol Blue and 

Phenolphthalein indicators (AWWA, 1982).  

3.4 House-hold usage test  

The house-hold use, i.e. the traditional way of usng Maerua powder was 

also evaluated. A dose of 2.3 g/l used to treat three liters of water in the 

bucket. Three different tests with different stirring intensities and 

duration were used. That is in the first test (Test-1) the powder with the 

water was slowly mixed for 10 minutes without rapid mixing. In the 

second test (Test-2) the mixing was effected slowly for 15 minutes followed 

by no rapid mixing. In the third test (Test-3) the mixture was rapidly 

mixed for 2 minutes followed by slow mixing for fifteen minutes. Finally 

turbidity was measured after 1 hr and 1 ½ hr settling. 
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4. RESULTS AND DISCUSSION 

4.1 Optimum dose of Maerua subcordata powder 

In order to evaluate the optimum dose of Maerua powder, water samples 

with turbidities of 500, 370 and 240 FTU were tested. Consequently, 2.4g 

powder showed maximum reduction in turbidity, i.e. 93.6% and 94.6%, 

for the 500FTU turbidity after 1 hr and 1 ½ hr settling respectively (Table 

4.1) in test-1. The residual turbidities were 32 and 27 FTU for the same 

settling times. 

Table 4.1 First jar test results for water with turbidity of 500 FTU. 

 

Beaker 

 

Dose of 

Residual turbidity (FTU) 

After 1 hr Percentage After  1 ½ hr Percentage 

1 1.5 43 91.4 38 92.4 

2 2.0 42 91.6 36 92.8 

3 2.2 34 93.2 30 94 

4 2.3 46 90.8 40 92 

5 2.4 32 93.6 27 94.6 

6 2.5 40 92 36 92.8 

 

Second round jar test for the water with turbidity of 500 FTU was done for 

the efficient dose of 2.4 g, i.e. the dose which resulted in a better 

reduction of turbidity in the first test. The residual turbidity obtained for 

this dose was 30 FTU after one hour and 24 FTU after 1 ½ hr settling time 

(Table 4.2). This was 95.2% reduction in turbidity, which is the maximum.  
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However, this value was about five times the WHO guideline. Realizing 

that the powder was not effective with this turbidity, other turbidity was 

chosen. This was 240 FTU, which is almost half of the 500 FTU turbidity.     

Table 4.2 Second round jar test results for turbidity of 500 FTU. 

Beaker 

No. 

Dose  

(g/500ml) 

Residual turbidity (FTU) 

After 1 hr 
settling 

Percentage 

reduction 

After 1 ½ 
hr setting 

Percentage 

reduction 

1 2.18 40 92 36 92.8 

2 2.25 38 92.4 34 93.2 

3 2.35 37 92.6 32 93.6 

4 2.38 30 94 25 95 

5 2.42 30 94 24 95.2 

6 2.45 41 91.8 37 92.6 

 

For the water with turbidity of 240 FTU, the first jar test resulted in a 

minimum residual turbidity of 25 FTU after 1 hour settling and 20 FTU 

after 1 ½ hr settling time for the dose of 0.8g per 500 ml of water (Table 

4.3, a). The percentage reduction of the turbidity after 1 ½ hr settling was 

91.7%. 
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Table 4.3 Jar test results for turbidity of 240 FTU.  

(a) Test-1 results.  

 

Beaker no. 

Dose 

(g/500ml) 

 

Residual turbidity (FTU) 

After 1 hr  
settling 

time 

Percentage 

reduction 

After 1 ½ 
hr setting 

time 

Percentage 

reduction 

1 0.6 44 81.7 40 83.3 

2 0.8 25 89.6 20 91.7 

3 1.4 29 87.9 27 88.8 

4 1.6 34 85.8 31 87.1 

5 1.8 48 80 44 81.7 

6 2.0 49 79.6 45 81.3 

 

(b) Test-2 results. 

 

Beaker no. 

Dose  

(g/500ml) 

  Residual turbidity (FTU) 

After 1 hr 
settling 

time 

Percentage 

reduction 

After 1 ½ 
hr setting 

time 

Percentage 

reduction 

1 1.00 42 82.5 38 84.2 

2 1.10 45 81.3 40 83.3 

3 1.15 22 90.8 16 93.3 

4 1.20 52 78.3 49 79.6 

5 1.25 50 79.2 47 80.4 

6 1.30 48 80 44 81.7 

 

The second jar test for the water with turbidity of 240 FTU was done using 

the dose that gave better reduction of turbidity in the first test, i.e. 0.8g, 
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as a reference. In this test a minimum residual turbidity of 22 FTU after 1 

hr settling and 16 FTU after 1 ½ hr settling time was obtained for the 

powder dose of 1.15g per 500ml or 2.3 g/l (Table 4.3, b). Although the 

result in this test was better than that of the first test, still it is more than 

that of the Ethiopian National guideline value for turbidity of drinking 

water (i.e. 7 NTU) (MoWR, 2002). Hence, the powder resulted in lesser 

efficiency in the water with turbidity of 240 FTU, which is in low turbidity 

range of 50-250 FTU according to the classification made by Folkard et al. 

(1987). Therefore, other turbidity level was selected. That was 370 FTU, 

which was between the 500 and 240 FTU turbidity levels.   

Here the doses of Maerua powder used were 1.14 g, 1.15 g, 1.16 g, 1.17 g, 

1.18 g and 1.19 g. After 1hr settling a minimum residual turbidity of 13 

FTU was obtained for the dose of 1.15 g powder (Table 4.4). This was 

further reduced to 8 FTU after 1 ½ hr settling time. This turbidity level is 

close to the Ethiopian National guideline value for turbidity of drinking 

water, i.e. 7 NTU. As can be seen from Table 4.4 all the residual turbidities 

after 1 ½ hr settling were better than those obtained for the water with 

turbidities of 500 and 240 FTU. The improvement in turbidity here was 

97.8%, which was the maximum reduction achieved. Therefore, 1.15g per 

500ml or 2.3 g/l of Maerua powder was chosen as an optimum dose for 

the turbidity of 370 FTU for 1 ½ hr settling time. And this value was used 
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in the subsequent works to evaluate other objectives. Also the turbidity 

level of 370 FTU was chosen as workable turbidity for further tests.    

Table 4.4 Jar test results for turbidity of 370 FTU treated with Maerua        

               powder. 

Beaker 

no. 

Dose  

(g/500ml) 

Residual turbidity (FTU) 

After 1 hr 
settling time 

percentage 
reduction 

After 1 ½ hr 
setting time 

percentage 
reduction 

1 1.14 15 96 12 96.8 

2 1.15 13 96.5 8 97.8 

3 1.16 14 96.2 10 97.3 

4 1.17 16 95.7 13 96.5 

5 1.18 19 94.9 16 95.7 

6 1.19 21 94.3 18 95.1 

 

    4.2 Jar test for alum and Moringa stenopetala powder 

Jar test was also conducted to determine optimum dose of alum for the 

water with turbidity of 370 FTU using 500 ml of water. The best residual 

turbidity obtained here was 2 FTU after 1 hr settling for the dose of 0.17g 

(Table 4.5). This value was below the WHO guideline value and hence no 

further test was made. The optimum dose was taken as 0.17 g for 500 ml 

of water or 0.34 g/l. This is actually higher than the expected amount 

used in water treatment. This might be due to the highly turbid water 

used in this study.  
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Table 4.5 Jar test results of turbidity of 370 FTU treated with alum.  

Beaker no. Dose (g/500ml) Residual turbidity (FTU) 

1 0.15 3 

2 0.16 3 

3 0.17 2 

4 0.18 5 

5 0.19 4 

6 0.2 6 

 

The dose of Moringa was determined for comparing it with Maerua. In the 

first test, 1.6g of the powder resulted in 13 FTU of residual turbidity (Table 

4.6, a) after 1 ½ hr settling. And this dose was used as a reference to set 

further doses for the second test. In this test the 1.42g of the Moringa 

powder resulted in a residual turbidity of 11 FTU after one hour and 9 

FTU (Table 4.6, b) after 1 ½ hr settling for the second round jar test for 

Moringa.  
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Table 4.6 Jar test results for Moringa stenopetala powder for the turbidity     

                of 370FTU. 

(a) First jar test results. 

Beaker 

no. 

Dose 

(g/500ml) 

Residual turbidity (FTU) 

After 1 hr settling 
time 

After 1 ½ hr 
settling time 

1 0.9 29 27 

2 1.2 23 18 

3 1.6 17 13 

4 1.8 21 19 

5 2.0 26 23 

6 2.2 32 29 

 

(b) Second jar test results. 

Beaker 

no. 

Dose 

(g/500ml) 

Residual turbidity (FTU) 

After 1 hr settling 
time 

After 1 ½ hr settling 
time 

1 1.00 28 24 

2 1.11 24 21 

3 1.25 20 19 

4 1.36 21 19 

5 1.40 15 11 

6 1.42 11 9 
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4.3 Efficiency comparison  

The efficiency of Maerua subcordata powder at different levels of 

turbidities was determined to be different. At a turbidity of 500 FTU, the 

maximum reduction in turbidity was observed at a dose of 4.8 g/l with a 

residual turbidity of 24 FTU after 1 ½ hr settling. This value reduced to 16 

FTU with consequent reduction of dose of the powder to 2.3 g/l with water 

having turbidity level of 240 FTU. Even though this residual turbidity 

result was not satisfactory; the powder showed better performance for the 

water with turbidity of 240 FTU than that of 500 FTU.  

The reduction in turbidity was much higher for the water with turbidity of 

370 FTU. The residual turbidity obtained here was 8 FTU after 1 ½ hr 

settling time (Table 4.7), and this is just half of what was obtained with 

turbidity level of 240 FTU, 16 FTU. This shows that Maerua subcordata 

powder can produce better results with medium turbidities according to 

the turbidity level classification made by Jahn (1986). Fig. 4.1 and Fig. 4.2 

show the performance of Maerua on the three turbidity levels.  

Table 4.7 Maerua doses and residual turbidities for the three turbidity  

                levels.  

Turbidity 

(FTU) 

Dose (g/l) Residual turbidity (FTU) 

1 h settling 1 ½ hr settling 

500 4.8 30 24 

370 2.3 13 8 

240 2.3 22 16 
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Fig.4.1 Performance of Maerua on different turbidities after1hr settling. 

          

Fig.4.2 Performance of Maerua on turbidities after1.5 hr settling. 
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When the percentage reduction for the turbidity levels is compared, 

maximum reduction was observed for the water with turbidity of 370 FTU 

compared to the 500 and 240 FTU turbidity levels [Fig. 4.3].  

 

Fig. 4.3 Percentage reduction of turbidity by Maerua. 

 

At the turbidity of 370 FTU the optimum doses of both Maerua and 

Moringa powder were higher than that of alum (Table 4.8). The residual 

turbidity produced by alum after 1 ½ hr settling time was 1.5 FTU was 

much better compared to that of Maerua and Moringa, i.e. 8 and 9 FTU 

respectively. The residual turbidity produced by 2.3 g/l of Maerua powder 

was better than that produced by 2.84 g/l of Moringa powder [Fig. 4.4].  

 



 

 

40 

Table 4.8 Comparison of doses of coagulants at turbidity of 370 FTU after       

                 1 ½ hr settling time. 

Coagulant Optimum dose(g(l) Residual turbidity (FTU) 

Alum 0.34 1.5 

Maerua 2.3 8 

Moringa 2.84 9 

 

 

Fig.4.4 Residual turbidity for water with of 370 FTU after 1.5hr settling by     

            the coagulants.  

 

4.4 Effect of settling time on the coagulants’ efficiency  

Maerua powder produces a residual turbidity which is in the range of the 

WHO guideline up on settling for 180 minutes and more. However, 

Moringa powder resulted in 5 FTU up on settling for 150 minutes, which 

was better compared to Maerua, but the turbidity started to regain beyond 
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this time [Fig. 4.5]. This might be due to the disintegration of the flocs 

(Walker, 1978). But the time required to reach 5 FTU of residual turbidity 

for Moringa was shorter compared to that of Maerua, i.e. 150 min and 180 

min respectively. This might be due to the flocs formed by Moringa were 

larger, while smaller flocs were formed by Maerua. Hence, the lager flocs 

can settle quickly than the smaller ones.        

 

       Fig.4.5 Effect of settling time on residual turbidity for the coagulants. 

4.5 Combination of alum and Maerua powder  

Maerua can also be tried as aid to alum to reduce the dosage of alum. 

When alum and Maerua were used in 1:1 ratio, i.e. 0.085g alum and 
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0.085g Maerua powder, as coagulant for water with turbidity of 370 FTU, 

a residual turbidity of 8 FTU after 1hr and 6 FTU after 1 ½ hr settling time 

were obtained. This result is closer to the WHO guideline [5 FTU] and 

lesser than the Ethiopian National guideline values for turbidity [7 FTU]. 

Interestingly, Maerua powder has reduced alum dose by 50% in this case. 

When alum and Maerua were used in 2:1 ratio, i.e. 0.1133g alum and 

0.06g Maerua powder, the turbidity was reduced from 370 FTU to 11 FTU 

after 1 hr settling and to 8 FTU after 1 ½ hr settling [Table 4.9]. This 

result was comparable to the result obtained for Maerua powder alone. 

Hence the powder can be used as aid for alum in coagulation of turbid 

water. 

Table 4.9 Efficiency of the powder when used with alum for the turbidity         

                 of 370 FTU.  

 

Ratio 

 

After 1 hr settling After 1 ½ hr settling 

1:1 8 6 

2:1 11 8 

Maerua alone 13 8 

 

4.6 Evaluating the efficiency of Maerua at the house-hold use  

 

To see the applicability of the Maerua subcordata powder at house-hold 

level, the same water with turbidity of 370 FTU was taken in a bucket [Fig. 
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4.8] and the powder was added with a dose of 2.3 g/l, which is the 

optimum dose, identified in the jar test. Three different tests with the 

same dose and water but different stirring intensities and duration were 

experimented. The residual turbidities after 30 min, 60 min, and 90 min 

settling time were measured. The best result, which was comparable to 

that of the jar test, was observed with a value of 8 FTU for test-3 after 90 

min settling time (Table 4.10). Here the time of mixing and flocculation 

were similar to the jar test, except the jar test mixing was by electrical 

stirrer and that of the house-hold was done by hand. The residual 

turbidity obtained for test-2, i.e. 9 FTU, was comparable with that 

obtained for Moringa powder in the jar test. The residual turbidity 

obtained for test-1 was the maximum [Fig. 4.9] implying its lesser 

efficiency compared with that of test-2 and teat-3.  
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Table 4.10 Performance of house-hold treatment of Maerua powder.  

Time (min) 0 30 60 90 

Residual turbidity (FTU) 

Test-1 370 29 14 11 

Test-2 370 18 11 9 

Test-3 370 13 10 8 

Test-1: Slow mixing for 10 min without rapid mixing.  Test-2: Slow mixing for 15 

min without rapid mixing. Test-3: Rapid mixing for 2 min followed by slow mixing 

for 15 min.  

4.7 Traditional way of using the root 

In the local area, the dwellers in Benatsemay, Hamer, Dasenech and 

Gnangatom woredas of South Omo zone in SNNPR use the Maerua 

subcordata (goulf) root to treat turbid water. In the same way, water with 

turbidity of 370 FTU was tested traditionally in this study for comparison.  

The residual turbidity obtained here after 1 hr settling was 11 FTU and 

this reduced to 9 FTU after 1 ½ hr settling. This result was similar to the 

residual turbidity obtained for the house hold treatment of the powder in 

test 2. The percentage reduction observed here was 97.6%, which was a 

maximum reduction.  
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When comparing the jar test, house-hold and traditional use of Maerua, 

similar residual turbidities were obtained for the jar test and the house-

hold use of the powder after 1 ½ hr settling time. The traditional 

treatment when compared to the jar test and house-hold treatments of the 

powder resulted in one turbidity unit higher residual turbidity after 1 ½ h 

settling time [Fig. 4.6].  

 

 Fig.4.6 The three treatments with Maeua.   

4.8 Comparison of different treatments with Maerua   

Generally speaking, the 1:1 mixture of alum and Maerua resulted in better 

residual turbidity [6 FTU], which is below the Ethiopian National guideline 

value for turbidity (i.e. 7 NTU) and closer to the WHO guideline value (5 

NTU). The powder alone, 2:1 ratio mixture of alum and Maerua as well as 
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the house hold treatment produced similar residual turbidities with a 

value of 8 FTU after 1 ½ hr settling time [Fig. 4.7].   

 

 

Fig.4.7 Comparison of all the treatments with Maerua. 

4.9 Effect of Maerua powder on pH and alkalinity 

 

The pH of the raw water was 7.06. But it was reduced to 6.4 after treated 

with Maerua powder. Hence, the powder had effect on the pH of water. 

The alkalinity of the raw water was 110 g/l. This value was reduced to 60 

g/l, which is almost half of the initial value, after treatment with Maerua 
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powder. This difference shows that the powder has effect on the alkalinity 

of water.     

4.10 Effect of Maerua subcordata powder on bacteriology   

        of water 

 

The membrane filtration technique was used to see the degree of removal 

of bacteriological contamination of water. Triplicate tests were made with 

the turbidity of 370 FTU for the raw water, water treated with Maerua 

powder and water treated with the combination of powder and alum. 

Because of the high turbidity, the total coliform test for the raw water 

showed a very large amount of colony, which was difficult to count. 

However, it was possible to count the colonies of fecal coliform and the 

count for it was 48 per 100ml of the raw water. 

The reduction in fecal coliforms observed after the coagulation with the 

Maerua powder was 66.7%. This difference could not be attributed to the 

disinfection property of the powder; rather it might be due to the 

coagulation process. That is, when the particles flocculate and settle due 

to gravity, the microorganisms can be trapped and settle together. Since 

effective coagulation, sedimentation and filtration can remove about 90-

99% of the microorganisms with the floc (Cox, 1964). 
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Table 4.11 The effect of simple application of Maerua powder and in    

                 combination with alum on the coliform count of water.  

 

Test  Total coliform 

count 

Fecal coliform 

count 

Percentage 

reduction 

Powder 1008 16 98.4 

Alum + Maerua (1:1) 82 4 95.1 

Alum + Maerua (2:1) 83 4 95.2 

 

 A better reduction in colony number was obtained for the combination of 

alum and Maerua powder [Table 4.11], with percentage decrease of about 

91.7%. But this value does not comply with WHO guideline value for 

coliform count (WHO, 1984). This difference in degree of reduction, 

compared with the powder alone, may be attributed to the larger size of 

flocs formed for the combined coagulants. Because Maerua powder 

produced better clarity of water up on longer settling time, it can be 

observed that the flocs formed were smaller in size.  
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5. CONCLUSION AND RECOMMENDATIONS    

 5.1 Conclusion  

The following conclusions can be drawn from the study. 

� Maerua subcordata produced better clarity at moderate turbidity. 

Hence, it might be only efficient at medium turbidity. 

� At higher turbidity, higher dose with little improvement in turbidity 

occurs.  

� Both Maerua and Moringa doses were higher than that of alum at 

particular turbidity.  

� M.subcordata powder produced more clear water, in the WHO 

guideline range, upon longer settling time, while turbidity regained 

for Moringa on longer settling, which might be due to weak 

aggregation during floc formation.  

� Maerua powder can be used in combination with alum to aid 

coagulation.   

� The powder Maerua can be used at house-hold level with simple 

treatment in a bucket and resulting in better residual turbidity. 

� The reduction in bacteriological quality of water upon treatment 

with Maerua subcordata powder did not show the disinfection 

property of the powder. 
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� Maerua powder, when used in combination with alum showed better 

reduction of bacteria, which might be due to larger flocs formed. 

 

5.2 Recommendations   

Maerua subcordata powder is proven effective as primary coagulant and as 

coagulant aid. Moreover, its use has economic advantage in reducing cost 

of water treatment.  

The following recommendations are worth considering: 

� Need for plot scale studies on the plant to determine its 

applicability in community water supplies and at house-hold 

level. 

� The juice and other parts of the plant should be studied.  

� Antimicrobial and odor properties need to be investigated. 

� Efforts should be made by federal and regional water bureau as 

well as non-governmental organizations involved in water supply 

activities to make use of this plant in water supply activities.  

� Ways should be designed to encourage cultivation of Maeru 

subcordata plant to ensure its availability during its wide use in 

water treatments.  

� Toxicity studies should be conducted to insure its safe use.  
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ANNEX- 1 

I. WHO Guidelines of some parameters for Drinking water Quality 
(Source: WHO, 1984).  

Parameter Unit Guideline value 

Microbiological quality 
Fecal coliforms 
Coliform organisms 
 
Inorganic constituents 
 
Hardness 
Iron 
Manganese 
pH 
Sodium 
Total dissolved solids 
Sulphate 
Zinc 
 
 

Aesthetic Quality 
Color 
Taste and odor 
Turbidity 

 

Number /100,ml 
Number /100,ml 

 
 
 

Mg/l as CaCO3 
Mg/l 
Mg/l 
- 

Mg/l 
Mg/l 
Mg/l 
Mg/l 
 
 
 

True color units (TCU) 
- 

NTU 

 
Zero 
Zero 
 
 
 

500 
0.3 
0.3 

6.5 to 8.5 
200 
1000 
400 
5.0 
 
 
 

15 
In offensive to most consumers 

5 

 

II. Ethiopian Guideline for Drinking Water. (Source: FDRE Ministry of 
Water Resource, 2002). 

Substance Unit Guideline value 

Bacteriological quality 
E. coli (thermo tolerant 
coliform)  
Total coliform 

Inorganic constitutions 
Hardness  
Iron  
Manganese  
pH 
Sodium  
Sulphate  
TDS 
Turbidity  

 
No. /100ml 

 
No./100ml 

 
Mg/l as CaCO3 

Mg/l 
Mg/l 
-- 

Mg/l 
Mg/l 
Mg/l 
FTU 

 
zero 
zero 
 
 

392 
0.4 
0.13 

6.5-8.5 
358 
483 
1776 
7 
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ANNEX- 2 

Steps to prepare Media Lauryl Sulphate Broth (MLSB) solution (Source- 

Instruction manual, Wagtech international). 

1. For 200 tests, dissolve the 38.1 grams of Membrane Lauryl Sulphate 

Broth (MLSB) in 500 ml distilled water in a flask or beaker. 

2. Heat the mixture to ensure the powder is fully dissolved, but do not 

boil.  

3. Pour the medium into 50 ml plastic bottles provided and ensure 

that they contain no residues of previous MLSB or cleansing agent. 

4. Replace bottle tops but leave them slightly loose- do not tighten.  

5. Sterilize bottles upright in an autoclave. Sterilize at 121 OC for 10 

minutes. Remove bottles, allow to cool, tighten the tops and then 

store in the cool and dark.  
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ANNEX- 3 

Steps for membrane filtration technique (Source- Instruction manual, Wagtech 
international). 

1. All samples must be incubated within 6 hrs of sampling. 

2. Dispense a growth pad into a sterile Petri dish and saturate with MLSB. 

3. Loosen the filter funnel and remove from the base support. 

4. Sterilize the forceps using a flame and allow to cool. Using these forceps, 
place a sterile membrane onto the bronze membrane support, grid side 
up. If the membrane tears or becomes contaminated discard it and use a 
new one.  

5. Lock the membrane in place by pushing the filter funnel firmly down into 
position.   

6. Pour the water sample into the filter funnel up to the 100 ml graduation.  

7. Connect the hand vacuum pump to the filtration unit base and pump to 
suck the water sample through the membrane.  

8. When all the water has been filtered, release the vacuum pump and use 
the sterile forceps to take the membrane from the filtration unit.  

9. Place the membrane on the pad which has been saturated with the MLSB 
media.  

10. Replace the Petri-dish lid and label with sample number, place, date time, 
etc.   

11. Place the Petri-dish into the Petri-dish rack and repeat the process for all 
the samples and then place the filled rack into the incubator.  

12. It is important to note that when the last sample has been processed, a 
resuscitation period of between 1 hr to 4 hrs must be observed before 
incubating. This allows any physiologically stressed coliforms to recover 
before culturing.  

13. To incubate fecal coliforms, select the temperature of 44 OC and place the 
loaded petri-dish rack inside the incubator. For total coliform analysis, 
select the temperature of 37 OC. 

14. The minimum incubation period is 14 hrs following a 4 hr resuscitation.    
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APPENDIX 

 

 

 House-hold treatment of water with Maerua powder. 

 

Traditional water purification with Maerua root.  
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Colonies after incubation.  

 


