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Abstract

This study aimed to evaluate the efficacy of Moringa oleifera seeds powder on purification White Nile river water, during the dry season
(March-April 2014), water samples were collected from twelve different locations from the River at El duwaim city, on dimension 3.0 meters in
front of the bank and 20 centimeters below the water surface. The physico-chemical parameters concentrations of water samples (pH, turbidity,
electrical conductivity, total dissolved salts, total hardness, alkalinity, iron and chloride) were detected before treatment by Moringa oleifera
seeds powder., various doses of Moringa seed powder (50, 100 and 150 mg / L) were added to water samples, and then left it for an hour to two
hours, and analyzed to detect the effects on that parameters. The results showed that there was a decrease in the concentration of these
parameters is directly proportional with increasing dose and time respectively (except pH).

Keywords: Moringa oleifera, physico-chemical, coagulants, health risk, household water, turbidity, disinfectant, White Nile River

INTRODUCTION

Water is a major need for life survival on the earth. Good
quality of drinking water is one of the most human necessities,
and the lack of access to adequate safe water supplies leads to
the spread of diseases (Howard and Bartram, 2003; and
Bartram and Helmer, 1996). Surface water was polluted by
sewage, industrial water discharge and run off from the
land clearing. It is unfortunate in many developing countries
water-related diseases are due to contaminated and polluted
drinking water, resulting in high risk to human health, (WHO,
2006). About 1 billion people are without safe drinking water
worldwide. The vast majority of these people are located in
sub-Saharan Africa, South Asia and East Asia. Countless lives
are lost annually due to drinking and using contaminated water
(WHO, 2006). The people at greatest risk are children, people
living under unsanitary conditions and the elderly (WHO,
2006). Globally, 4 billion cases of diarrhea are reported every
year causing 1.8 million deaths, out of which about 90 % are
children under five (UNESCO, 2007). For many developing
countries water treatment process involved coagulation,
flocculation and sedimentation (which are the processes
involved for removing turbidity from water) and disinfection
are expensive processes because of the high costs involved
and the difficulty in assessing the chemical coagulants
including alum. This is the reason why these countries need
low cost methods requiring low maintenance and skill. Poly
aluminium chloride and alum added impurities such as
epichlodine are carcinogenic (Ghebremichael et al., 2005; and
Muyibi et al., 2003). Aluminium is regarded as an important
poisoning factor in dialysis encephalopathy. Aluminium is one
of the factors which might contribute to Alzimer disease
(Okuda et al., 1999; Sharma et al., 2006).
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Aluminium reaction with water reduces water pH and its
efficiency in cold water (Katayon et al., 2005; Santos ef al.,
2005). Many plants have been used to clarify water.
Naturally occurring coagulants are usually presumed safe for
human health. These include Moringa oleifera, Moringa
stenopetala, Vicia faba (Jahn 1986; and Jahn,1988), Many
researchers reported that the Moringa oleifera seed is non-
toxic and good coagulant in water treatment. It is
recommended to be used as a coagulant in developing
countries. The major problem of drinking water in Sudan and
other developing countries is not just a lack of water
availability, but in fact, that the people are not concerned with
the water quality which, causes health risk. In Sudan for many
years drinking water pollution problems were not payed
attention, but today the population is aware of the importance
of good water quality and its relationship to health.

Applications of Moringa oleifera in Water Treatment

The knowledge that seeds from the Moringa oleifera tree can
purify water is not new; the seeds have been used for
generations in countries like India and Sudan (Lilliehodk,
2005). The traditional use of the Moringa oleifera seeds for
domestic household water treatment has been well known to
certain rural areas in the Sudan (NRC, 2006). In the West Asia,
one of the best known uses for Moringa oleifera is the use of
powdered seeds to flocculate contaminants and purify drinking
water (Berger et al., 1984; Gassenchmidt et al., 1995; Olesen,
1987). Detailed studies have been carried out on the use of
Moringa oleifera seeds extract in water treatment (Okuda et
al., 2001a, b; and Muyibi ef al., 2003).

Characteristics of the active agents
The coagulant in the seeds was first confirmed by the German

scientist Samia Alazharia Jahn (Schwartz, 2000). The active
agent is believed to be a protein, but the exact form of the
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protein is not yet known. Recent researchers have identified
proteins of sizes ranging from 3 to 60 kDa, all possessing
coagulating ability, which means that the Moringa oleifera
seeds probably contain several different proteins that may act
as coagulants. The protein(s) act as cationic polyelectrolytes
(Sutherland et al, 1994), which attach themselves to the
soluble particles and create bindings between them, leading to
large flocs in the water. Stirring and mixing accelerates the
electrostatic flocculation, and the flocs condense (Gottsch,
1992).

Active Ingredients in Moringa oleifera Seeds

Folkard e al., (1989) identified the active ingredient in the
Moringa oleifera seed to be a Polyelectrolyte. According to
Jahn (1988), the Moringa oleifera flocculants are basic
polypeptides with molecular weights ranging from 6,000 to
16,000 daltons. Six polypeptides were identified with their
amino acids being mainly glutamic acid, proline, methionine,
and arginine. Bina (1991) identified the active ingredient as a
polypeptide acting as cationic polymers; and Ndabigengesere
et al., (1995; 1998) reported that the active ingredients in an
aqueous Moringa extract are dimeric cationic proteins with
molecular weights of about 13 000 daltons and iso-electric
point of between 10 and 11.

Use of Moringa oleifera as Coagulant

Coagulation is by far the most widely used process to remove
the substances producing turbidity in water. These substances
normally consists largely of clay minerals and microscopic
organisms and occur in widely varying sizes ranging from
those large enough to settle readily to those small enough to
remain in suspension for a very long time. Colloidal and fine
impurities in water possess a certain anticoagulation stability
which is due to the presence of hydrate shells or a double
electric field around particles.

This anti-coagulation stability of impurities can be disturbed
by heating, freezing, addition of electrolytes to water or by the
application of a magnetic field. This problem is most often
solved by coagulating hydrophilic and hydrophobic impurities.
(Nikoladze ef al, 1989). The active ingredient in the Moringa
oleifera seed has also been identified as a polyelectrolyte
(Folkard et al., 1989). Its use for coagulation, co-coagulation,
or coagulant aid has been a subject of investigation in many
parts of the world. Most of these works have been documented
by, Ndabigengesere et al., (1995), Muyibi and Okuofu (1995),
Muyibi and Evison (1996), and Buthalezi et al., (2009).

Use of Moringa oleifera seeds in Removal of water
Turbidity

Raw water drawn for human consumption becomes highly
turbid due to the addition of solid particles (clay and silt),
organic and inorganic compounds, and many other micro- and
macroscopic organisms. (Clesceri ef al., 1989). The increased
turbidity levels of water reduce the process of photosynthesis,
thereby affecting the aquatic ecosystems and food chain
adversely. The consumption of highly turbid water may
constitute a health risk. This can lead to waterborne disease
outbreaks. The removal of turbidity in water would be
extremely beneficial as it would alleviate the majority of
problems associated with turbidity. Coagulation has been
identified as one of the most effective techniques for removal

of turbidity from water. In developing countries, water
treatment companies utilize alum and other chemicals for
coagulation, but as these chemicals are not locally available in
all places, they have to be imported, which requires high
foreign exchange. Hence, the use of locally available plant
materials such as Moringa oleifera either alone or in
combination with other coagulant materials may prove highly
beneficial. Turbid water-clarifying properties of Moringa
oleifera were first reported by Jahn after observing the use of
its seeds by Sudan women for clarifying turbid Nile water.
Since then, Moringa oleifera has gained the sudden interest of
researchers and has been significantly studied as a coagulant
and disinfectant. (Sutherland ef al., 1994; Okuda et al., 1999;
Katayon, e fal 2004; Farooq et al., 2007) On average, 92—99%
turbidity reductions have been reported using Moringa oleifera
seeds as coagulant (Muyibi ef al., 1995).

Use of Moringa oleifera seeds in water softening

Softening is the removal of ions which cause hardness in
water. Hardness is caused mainly by calcium and magnesium
ions, or at times, by iron, manganese, strontium, and aluminum
ions. Hardness causes excessive soap consumption and scale
formation in hot water pumps, boilers and pipes. Public water
supplies should not exceed 300 to 500mg/l of hardness;
although, aesthetically, a hardness greater than 150mgll is
unacceptable (Corbitt, 1990). Because the cost of chemicals for
softening is high, local materials are being considered as
substitutes. Moringa oleifera seed extract has been identified
as a potential softening agent (Evison, 1995a; Muyibi and
Evison, 1996; Muyibi and Okuofu, 1996). Barth et al., (1982)
reported that initial hardness of water varying from 80300mg/1
CaCO3 was found to have been reduced to between 50-70%
after coagulation and softening with Moringa oleifera. Sani
(1990), reported total hardness reduction from S54mg/l to
25mg/l CaCO03 for river water while using 40-200mg/l M.
oleifera dosage. Muyibi and Okuofu (1995) studied the
softening of water samples from 17 hand-dug wells in Kano
Nigeria, and found that the residual hardness decreased with
increased dosage of Moringa oleifera.

It was also observed that for the same initial hardness, water
samples containing both calcium and magnesium hardness
required higher doses of Moringa oleifera than those
containing only calcium hardness. Evison (1995a) using water
samples from 4 sources of varying hardness in England also
observed that hardness reduction increased with increasing
dosage of Moringa oleifera. This was later corroborated in
another study by Muyibi and Evison (1996). Softening of
water with Moringa oleifera has a potential advantage since it
is accompanied by very low reduction in alkalinity, which is
required to provide the necessary buffering capacity to achieve
required treatment objectives (Muyibi and Okuofu (1996),
Evison (1995a); Muyibi and Evison (1996).

MATERIALS AND METHODS

Physicochemical analysis of water samples

Total dissolved solids (T.D.S), electrical conductivity (E.C),
and pH were determined in the laboratory by bench meter
(Martini -instrument, model Mi 180: Romania). 100 ml of
water sample were put in a beaker then a glass electrode was
put in the sample, and the results were recorded directly.
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Determination of water Alkalinity

100 ml of the water sample were poured into a 250ml
Erlenmeyer flask. 3-5 drops of methyl orange were added.
Burette was rinsed with three 10ml portions of 0.1M HCI (this
only needs to be done before the first titration). The burette
was filled with the acid and the initial volume was recorded.
The sample was titrated with the 0.1M HCI to the endpoint
(orange to red), and the final volume was recorded. The
alkalinity of the samples was found in (mg/L).

Determination of Chloride residues

Sample (10 ml) was taken in conical flask and 2-3 drops of
potassium chromate solution (5% K,CrO, in water) was added.
Then was titrated with 0.IN AgNO; (1.6987g of Ag NO; in
100 ml of double distill water) till the color was changed from
yellow to brick red.

Determination of water Hardness

10ml of a filtered water sample was poured into a 250ml
Erlenmeyer flask. About 150 ml of distilled water were added,
followed by 15ml of pH 10 buffer. The mixture was mixed
thoroughly. Then 4 drops of Eriochrome Black T indicator
(EBT) were added (and titrated with standard 0.01M EDTA
solution until a pure blue color was obtained.

Determination of water turbidity

Turbidity measurement was conducted using turbidity meter
(HACH, 2100P) according to the procedure described by the
Standard Methods (APHA, 1995). This method depends on
comparison of the intensity of light scattered by the sample
under defined condition with the light scattered by the standard
reference suspension under the same conditions.

Determination of Iron

Iron determined according to APHA, 1992.Heavy or trace
metals were determined after digestion of the solution of the
samples. Water samples digestion was carried out by taking
10ml of the sample and adding 4ml Perchloric acid, 20ml
concentrated nitric acid and 2ml concentrated tetraoxosulphate
VI acid. The mixture was heated until white fumes evolved
and clear solution obtained. After digestion, the samples for
were allowed to cool and then transferred to 100ml volumetric
flask. This was made up to mark with distilled water and
thoroughly mixed. The sample was allowed to stand overnight
(in place of centrifuge) to separate insoluble materials. It was
then filtered. Iron (Fe), was determined using (Atomic
Absorption Spectrometry).

RESULTS AND DISCUSSION

The purification potential of M. oleifera seed powder was
tested by analyzing the physicochemical characteristics of
White Nile River water samples. The mean values of various
physicochemical parameters corresponding to twelve different
water sources before and after treatment with 50, 100 and 150
mg/L concentrations of M. oleifera seed powder according to 1
and 2 hour(s) time intervals were represented in (Table) the
mean values of physicochemical parameters before treatment
of water samples were as follows:

The addition of powdered moringa seed (M. oleifera) as a
coagulant in River water treatment processes did not
significantly affect the temperature. Temperature of each
sample was still in the normal temperature range for water.

The scale of pH in river water samples before and after
treatment were shown in (table) water samples were treated
with different doses of Moringa oleifera. Results showed that
after treatment with Moringa oleifera seed powder; pH was
increased through 50,100 and 150 doses, after treatment the
range of pH was 7.22+ 0.29 — 7.50+0.13 which was within the
recommended acceptable range of pH for drinking water
specified by WHO,(1971). The pH increases with increasing
concentrations of the Moringa as coagulant. It was reported
that the action of Moringa oleifera as a coagulant lies in the
presence of water soluble cationic proteins in the seeds. This
suggests that in water, the basic amino acids present in the
protein of Moringa oleifera would accept a proton from water
resulting in the release of a hydroxyl group making the
solution basic (Olayemi, etal.,1994; Dalen, et al, 2009).
Turbidity level in river water samples before and after
treatment was given in (table). The observed initial turbidity
was 337.11 NTU in River water which was above the standard
limits of WHO (1993). It was observed that the turbidity of
River water were significantly decreased at (P< 0.05) with
increasing of Moringa oleifera seed powder dose at 50, 100
and 150 mg/l respectively. Residual turbidity was reduced to
23.07 NTU. This result is in agreement with range of optimum
dosage research work by (Folkard, e al., 2005). Due to this
there was an improvement in the flock size and flock settled
rapidly. The overdosing resulted in the saturation of the
polymer bridge sites and caused restabilization of the
destabilized particles due to insufficient number of particles to
form more inter-particle bridges. The high positive charge and
small size suggest that the main destabilization mechanism
may be adsorbed and charge neutralization. This was also
reported by( Madsen, et al. 1987) who reporting that 90-99%
of turbidity was removed by using Moringa oleifera seed
powder.

Table 1. Physicochemical Parameters studied before and after treatment of River water with various doses of M. oleifera seed powder
at different settling time

SOmg/L IOOmg/L 150mg/L

Parameters Control One hour Two hours One hour Two hours One hour Two hours
PH 7.49+ 0.10° 7.22 £0.29° 7.30 £0.18% 7.40 £0.20™ 7.42£0.21° 7.43 £0.13" 7.50 £0.13%
Turbidity(mg/L) ~ 337.09 £21.53* 109.48 +6.26" 8823+6.67™ 67.05+427% 42.03+2.61° 23.07+143" 13.19+1.27¢
Conductivity 182.10 £4.75° 13948 +3.75° 123.94+3.14° 113.85£3.09° 109.41+3.01° 78.52+231"  68.53+1.838
T.D. S (mg/L) 77.38 +1.99° 4957+1.36°  4595+1.34°  3757+1.04° 3282098  2432+0.71"  21.96+0.78¢
T.hardness(mg/L)  8.46+0.17* 5.75+0.13° 5.24+0.12° 422 +0.15% 3.96 +0.09° 2.79+0.07" 2.55+0.07¢
Alkalinity (mg/L)  46.70 + 1.54° 17.63+£0.60° 1626+ 0.47* 1544+0.58"™  15.14+£0.59™ 1426+ 0.68%  14.52 + 0.66%¢
Iron (mg/L) 0.34 +0.02° 0.23+0.01° 0.22+0.01®°  0.15+0.01¢ 0.13 +0.00% 0.13 +0.00" 0.10 + 0.008
Chloride (mg/L)  21.37+1.31° 1542+ 1.03°  14.69+0.94* 12.46+0.81°° 11.11+0.66° 8.88+0.57® 8.00 + 0.508

Data are presented as means +SE.

ab.c.defande yalye with different superscripts in the same row and column are significantly different at (P< 0.05).
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Electrical conductivity in River water samples before and after
treatment was shown in (table). Before the treatment with
Moringa oleifera seeds electrical conductivity was 182.10
puS/cm. After the treatment, the electrical conductivity of River
water was reduced with increasing dose of Moringa oleifera
seed powder 50,100and 150mg/L respectively. The range of
decreased electrical conductivity was 131-73 pS/cm. This
result is in agreement with ( Ndabigengesere, et al., 1995), the
decrease in EC of water with Moringa oleifera seeds was due
to the presence of lower molecular weight water soluble
proteins which carry positive charge (Eman et al, 2010;
Agarwal et al., 2007). There is no standard value, but high
level of conductivity is not allowed in drinking water for
consumers (WHO, 2006). TDS levels in River water samples
before and after treatment were given in (table). The initial
TDS was 77.38 mg/l. After the treatment with Moringa
oleifera seed powder, the total dissolved solids was reduced
from river water in the range 49.58-24.33 mg/l. These were
present within the limit according to WHO standards (2004).
Moringa oleifera is known to be a natural cationic
polyelectrolyte and flocculent with a chemical composition of
basic polypeptides with molecular weights ranging from 6000
to 16,000 Daltons, containing up to six amino acids of mainly
glutamic acid, methionine and arginine (Jahn,1986). The
presences of hardness in River water samples before and after
treatment were shown in (table). Mean hardness was 8.47 mg/I
for river water sample. It was observed that hardness of water
was decreased with increased dose of Moringa seed powder at
50, 100 and 150 mg/l of river water. Hardness range was 5.75
— 2.79 mg/l which within the limits of WHO standards. As a
polyelectrolyte, it may therefore be postulated that Moringa
oleifera removes hardness in water through adsorption and
inter-particle bridging (Lamer and Healy, 1963). According to
(Suleyman et al., 1995) as a polyelectrolyte it may therefore be
postulated that Moringa oleifera removes hardness in water
through adsorption and inter-particle bridging. Secondly, with
the observation that light, slow-settling solids/ flocks were
formed and precipitation reaction lead to the conversion of
soluble hardness-causing ions to insoluble compounds would
also be a good prediction of the reaction mechanism. ( Muyibi
and Evison,1994). Alkalinity levels in river water samples,
before and after treatment were shown in (table). Alkalinity
during the present research work was observed to be 46.71mg/1
for River water. At various doses of Moringa oleifera seed
powder, it was observed that the alkalinity was reduced after
the treatment with 50,100 and 150 mg/l dose. The alkalinity
ranges were 46.71 -14.27 mg/l which were within the
standards limits of (WHO, 2004).

The precipitates (solids / flocks) were light and did not settle
easily. The chemical constituent of the precipitate is however
not known. It was also confirmed that alkalinity reduction in
the coagulation of water sources using Moringa oleifera seeds
(Amagloh and Benang, 2009). Iron metal concentration was
reduced significantly after treatment with different dosage of
Moringa oleifera seeds shown in (table). The removal of metal
ions increased with increased of Moringa oleifera seed
powder. More decrease in metals load was observed for
Moringa was due to heterogeneous properties, the aqueous
solution of Moringa oleifera seeds contains low molecular
weight amino acids. These amino acids contain physiologically
active group of binding agents which at low concentration
interact with metals to increase the sorption of metal ions
(Brostlap and Schuurmans, 1988). In addition, these proteinous
amino acids have pH dependent properties which generate

negative charged environment playing important role in
binding of metals (Costa, 1997; Muyibi et al., 2002). Chloride
ion concentration in River water samples before and after
treatment were shown in (table). The chlorides were at 21.37
mg/l in the River water samples. It was observed that Moringa
seed treatment with chloride ions reduces the chloride level,
because cations from the seed attract negatively charged
chloride ions present in water and neutralize the chlorides,
resulting in adjusting River water chloride concentration
within standard limits of 15.43 - 8.88 mg/L (WHO, 2008).
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