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Abstract

This study was aimed to evaluate the efficacy of Moringa oleifera seeds powder on purification of White Nile River water, during the dry
season (March-April 2014). Water samples were collected from twelve different locations from the River at EI duwaim city, on dimension
3.0 meters in front of the bank and 20 centimeters in depth. The physico-chemical parameters concentrations of water samples (pH, turbidity,
electrical conductivity, total dissolved salts, total hardness, iron and chloride ions) 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 for a duration of one to two
hours, then analyzed to detect the effects on that parameter. The results showed significant (p < 0.05) decreased concentrations of all
mentioned parameters, directly proportional with increasing dose and time respectively (except pH).
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1. 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 [18-6]. Surface water was polluted by people at greatest risk are
children, people living under unsanitary conditions and the elderly [15]. For many developing countries water treatment process involved
coagulation, flocculation and sedimentation 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 mainte-
nance and skill. Poly aluminum chloride and alum added impurities such as epichlodine are carcinogenic [16]. 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 [19-20]. Many researchers reported that the Moringa oleifera seed is non-toxic and good coagulant in water treat-
ment. 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. 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 [22]. The traditional use of the Moringa
oleifera seeds for domestic household water treatment has been well known to certain rural areas in the Sudan [20]. In some countries
flowers and fruit appear twice a year, so two harvests occur [7]. 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 [6]. Detailed studies have been carried out on the use of
Moringa oleifera seeds extract in water treatment [3]. The coagulant property in the seeds was first confirmed in the year 2000 [1]. The
active agent is believed to be a protein, but the exact form of the 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. These protein(s) act as cationic polyelectrolytes [10], 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 [25]. It was identified that the active ingredient in the Moringa oleifera seed to be a Polyelectrolyte [14]. 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. [7] identified the active
ingredient as a polypeptide acting as cationic polymers; and [19] 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. Coagulation is by
far the most widely used process to remove the substances producing turbidity in water. These substances normally consist largely of clay
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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 [21]. The active ingredient in the Moringa oleifera seed has also been identified as
a polyelectrolyte [14]. 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 [19-9]. 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. 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 [18].

2. Statistical analysis

Study results were statistically analyzed in accordance to SPSS version 2019. 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 param-
eters 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-1 and Table-2, the mean values of physicochemical
parameters before treatment of water samples were reported. 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.

3. Experimental designs

Total dissolved solids (T.D.S), electrical conductivity (E.C), and pH were determined in accordance to method described by [14]. Samples’
alkalinity (mg/l) were determined in accordance to method described by [14]. Water hardness (mg/l) was determined in accordance to
method described by [24]. Turbidity measurements (mg/l) were conducted in accordance to method described by [23]. Iron concentration
(mg/1) was detected in accordance to method described by [6].

4. Results

Table 1: Physicochemical Parameters Before and After Treatment of White Nile River Water with Dose 50 Mg/L of M. Oleifera Seed Powder at Different
Settling Time Intervals

50 mg/L
Parameters Control One hour Two hours
PH 7.49+0.10° 7.22 +0.29° 7.30 £0.18%
Turbidity (mg/L) 337.09 +£21.53% 109.48 + 6.26° 88.23 + 6.67™
Conductivity 182.10 £ 4.75% 139.48 + 3.75° 123.94 + 3.14°
T.D. S (mg/L) 77.38 +1.99 49.57 +1.36 45.95 + 1.34°
Hardness (mg/L) 8.46 £0.17° 5.75+0.13" 5.24 +0.12¢
Alkalinity (mg/L) 46.70 + 1.54 17.63 + 0.60° 16.26 + 0.47"
Iron (mg/L) 0.34 +0.02? 0.23+0.01° 0.22 +0.01%°
Chloride (mg/L) 21.37 +1.312 15.42 +1.03° 14.69 + 0.94

Data are presented as means + SE. b-¢ d. & f.andgyalye with different superscripts in the same round column are significantly different at
(P<0.05).

Table 2: Physicochemical Parameters Before and After Treatment of White Nile River Water with Doses 100 & 150 Mg/L of M. Oleifera Seed Powder at
Different Settling Time Intervals

100 mg/l 150 mg/I

Parameters Control 1 Hour 2 Hours 1 Hour

PH 7.49+0.10° 7.40 +0.20% 7.42 +0.21° 7.43 +0.13%*
Turbidity (mg/L) 337.09 £ 21.53% 67.05 + 4.27% 42.03 £2.61° 23.07+ 1.43¢
Conductivity 182.10 £ 4.75° 113.85+ 3.09% 109.41 + 3.01° 78.52 + 2.31f
T.D. S (mg/L) 77.38 +1.99* 37.57 +1.04¢ 32.82 £ 0.98° 24.32 +0.71f
Hardness (mg/L) 8.46£0.17° 4.22 +0.15% 3.96 £ 0.09¢ 2.79 +0.07f
Alkalinity (mg/L) 46.70 £ 1.54° 15.44 + 0.58%¢ 15.14 + 0.59% 14.26+ 0.68™
Iron (mg/L) 0.34 £ 0.02° 0.15+0.01¢ 0.13 +0.00% 0.13 +0.00™
Chloride (mg/L) 21.37 £1.31° 12.46 +0.81% 11.11 +0.66% 8.88 + 0571

Data are presented as means + SE. 0. ¢ d.& f.and g yalye with different superscripts in the same round column are significantly different at
(P<0.09).

5. Discussions

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
[11]. It was observed that the turbidity of River water was significantly decreased at (P< 0.05) with increasing of Moringa oleifera seed
powder dose at 50, 100 and 150 mg/I respectively. Residual turbidity was reduced to 23.07 NTU. This result agrees with range of optimum
dosage research work by [9]. 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 destabilization of the destabilized particles due to insufficient number of particles to
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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 [12] who reported that 90-99% of turbidity was removed by using Moringa oleifera
seed powder. Electrical conductivity in River water samples before and after treatment was shown in Table 1, and Table 2. 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 50,100 and 150 mg/L respectively. The range of decreased
electrical conductivity was 131-73 pS/cm. 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 [14-1]. TDS levels in River water samples before and after treatment
were given in Table 1. 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 [16]. The presences of hardness in River water samples before and after treatment were shown in Table-1. And
Table 2. Mean hardness was 8.47 mg/| 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. Alkalinity levels in river water samples, before and after treatment were shown in Table 1, and Table 2, Alkalinity during the
present research work was observed to be 46.71mg/l for River water. Iron metal concentration was reduced significantly after treatment
with different dosage of Moringa oleifera seeds shown in Table 1 and Table 2. 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 [2]. In addition, these proteinous
amino acids have pH dependent properties which generate negative charged environment playing important role in binding of metals [12].
Chloride ion concentration in River water samples before and after treatment were shown in Table 2.

6. Conclusions

Moringa oleifera seeds powder acts as a natural coagulant, flocculent, absorbent for the treatment of drinking water. It reduces the total
hardness, turbidity, alkalinity, chloride, and iron after the treatment. It is eco-friendly and cheaper method of purification of water and
therefore can be used in the rural areas where no facilities are available for the treatment of drinking water.

7. Recommendations

Due to its efficiency in water purification compared to chemicals and low cost, Moringa oleifera seeds powder is recommended. Further
researches for advanced techniques to isolate the active ingredients in the Moringa oleifera seeds are highly recommended.
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