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ABSTRACT

Objectives: This study aimed to develop a treatment process, which improves the organoleptic and
microbiological qualities of drinking water treated by coagulation flocculation with Moringa oleifera seeds.
Methodology and Results: Moringa oleifera oilcake was used for coagulation flocculation. To treat water
with turbidity 51.2 to 1142.9 NTU, 600 mg/L to 2g/L of coagulant were used. Sand filtration was carried out
to remove the residual organic matter and microbes in water after the coagulation flocculation. With this
method, 93.43 to 99.87% of turbidity was removed versus 37.38% to 93.43% for water treated only by
coagulation flocculation. After coagulation flocculation 61.9 to 85.18% of faecal coliforms, 61.18 to 100% of
E. coli and 69.88 100% of faecal streptococci were removed versus 100% of all faecal bacteria after
filtration.

Conclusion and application of findings: The sand filtration combined to coagulation flocculation with
Moringa oleifera oilcake removed the turbidity and faecal bacteria in water and provide drinking water
conform to WHO standards. Furthermore, this method provided water except for bad taste and smell. In
view of these results, a household treatment process adapted to the socio-economic conditions of rural
populations should be formulated to popularise this technology of drinking water treatment. Moringa seeds,
sand and shea charcoal are available and easy to get to rural population. The process is also fast and easy
to implement in the households.

Keywords: Drinking water, Moringa oleifera, treatment, physical chemistry, microbiology.

INTRODUCTION

The consumption of unsafe drinking water poses
health risks. In low and middle-income countries, a
large part of population particularly those living in
rural areas has a limited access to safe drinking
water. According to World Health Organization
(WHO), 2% of world population still consume

unsafe water and among them 94% live in rural
areas (WHO/UNICEF, 2018). In Burkina Faso,
authorities to increase the access to safe drinking
water through supply infrastructures (PN-EAP,
2018) have done many investments. Despite these
efforts, around 27% of population do not access to
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improved infrastructures of supply drinking water
with a disparity between town and villages (CABRI,
2017, PN-EAP, 2018). Therefore, the rate of
access is 95.3% in urban areas versus 69.5% in
rural areas with 196 villages, which do not have
drillings (INSD, 2015; CABRI, 2017; PN-AEP,
2018). Furthermore, 24% of drillings are not
function permanently. All these factors are the
causes of the consumption of unsafe drinking
water. In fact, 3% of rural people still consume
surface water and 30% well water contaminated by
faecal microorganisms (Savadogo et al., 2013;
CABRI, 2017). Diseases associated to unsafe
drinking water cause many deaths worldwide and
affect consequently on the economy of the country
(Van Minh et al, 2011; Traoré & Si¢, 2017). In
Burkina Faso, more than 4,000 children death

MATERIALS AND METHODS

Moringa oleifera oilcake: The treatment of unsafe
drinking water with Moringa oleifera seeds consists in
coagulation flocculation, which removes turbidity and
microorganisms. This process is more effective with
oilcake (Kaboré et al., 2013b). Furthermore, oilcake
induces less organic matter and lipids, which damage
the organoleptic quality of treated water. For this study,
Moringa oleifera seeds were sorted and pressed with a
press machine ZX10 to extract the oil. This method has
a good oil yield (30%) and conserves active proteins
involved in flocculation coagulation of unsafe water
(Kaboré et al., 2013b). After press, the oilcake were
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Figure 1: Water filtration device

every year because of the consumption of unsafe
water (WHO, 2014). In view of this situation,
appropriate treatment of unsafe water in household
with natural substances could be an efficient
alternative to supply safe drinking water in rural
area. Studies showed the effectiveness of Moringa
oleifera seeds and oilcake to clarify surface and
well waters by coagulation flocculation (Vikashni et
al., 2012; Kaboré et al., 2013a, 2013b). However,
the residual organic matter from Moringa oleifera
seeds damages the organoleptic quality of treated
water (Kaboré et al, 2013a, 2013b). Then, for
waters with low turbidity, a poor elimination of
faecal bacteria and a long settling time was
observed (Kaboré et al., 2013b; 2015). In view of
these deficiencies, a sand filtration was done to get
safe drinking water according to WHO standards.

dried and crushed to obtain a fine powder using the
procedure described by Folkard et al., (2002).

The filtration device: A sand filter was designed with
two plastic buckets. In the first bucket (40 litres), 30 cm
of fine sand (0.25 mm) and 5 cm of shea charcoal (3.5
mm) were arranged. These materials were washed and
sterilized at 150°C in the oven for one (1) hour
(Sawadogo, 2019). In the bottom of the first bucket was
used as a filter, hundreds of small gaps around 2 mmin
diameter were made to filter water and collect it in the
second bucket of 15 litres. On the second bucket, a tap
was fixed to collect the water for drinking. Figure 1
shows the filtration device.

30 cm of fine sand
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Jar tests and water treatment: To carry out the jar
tests, 20 g of oilcake powder were dissolved in one (1)
litre of distilled water. The mixture was stirred for one
(1) hour to extract the active proteins (Kaboré et al,,
2013a, 2013b). Increasing volumes of this solution
(coagulant) were tested to clarify 500 mL of water with
different turbidity. These jar tests were necessary to
define the optimal concentration of coagulant and the
settling time required for water clarification. After the jar
tests, 10 litres of unsafe water were treated with
appropriate volumes of coagulant. For these quantities
of water, the stirring were carried out with a spatula in
two (2) times: a quick mixing for one (1) minute for a
homogeneous distribution of coagulant and a slow
mixing for three (3) to five (5) minutes to stimulate the
flocks. At the end of this step, water was left to decant
for 15 minutes before sand filtration and 30 minutes for
those treated only by coagulation-flocculation (Kaboré
et al, 2013b). In this study seven (7) water sample
were used.

Water analysis: To evaluate the effectiveness of these
different treatments, organoleptic, physicochemical and
microbiological analysis was carried out on raw,
decanted and filtered water.

Organoleptic and physicochemical analysis:
Organoleptic parameters were taste and smell. These
parameters were assessed according to French
Standard EN 1622 (Rodier et al., 2009). Turbidity, pH,

RESULTS AND DISCUSSION

Raw water quality and optimal treatment
conditions: The concentration of coagulant, the
settling time, and the effectiveness of the coagulation
flocculation depends on the initial characteristics of raw
water (Kaboré et al., 2013a, 2013b). To optimize the

conductivity and nitrates were analysed in raw water
and after coagulation flocculation and filtration. Turbidity
were measured with turbidimeter, pH and conductivity
at 25°C, according to ISO 7027 Standard and NF T 90-
008 respectively (Rodier et al., 2009). Nitrates were
analysed according to the molecular absorption method
ISO 7890-3.

Microbiological analysis: Three (3) bacterial
indicators of faecal contamination namely Escherichia
coli, faecal coliforms, faecal streptococcus were
analysed by the method of membrane filtration
technique (NF ISO 8199, 2018). Bacterial cells were
concentrated on a 0.2 ym millipore membrane filter
followed by culture on the chromogenic Rapid E. Coli 2
Agar (BIO RAD) medium that contains 2 substrates
specific to the B-D-Glucuronidase (Gluc) and B-D-
Galactosidase (Gal) enzymes respectively. Incubation
was performed at 44.5°C for 24 h. Colonies of E. coli
(Gal+/Gluc+) appear violet to pink while other coliforms
colonies stain blue. On the Bile Esculine Azide medium,
Gram-positive cells able to reduce Esculine as faecal
streptococcus stain black after 24 h incubation period at
37°C, while Gram negative and other Gram positive
cells are inhibited by sodium Azide.

Statistical analysis: Data were analysed with the
statistical analysis software R. The graphs were
realized with excel.

treatments, the physicochemical and microbiological
parameters of raw water, the optimal concentration of
coagulant and the settling time were determined. Table
1 presents the physicochemical and microbiological
parameters of raw water.

Table 1: physicochemical and microbiological parameters of raw water

Sample S1 Sz Sa S4 Ss Se S7
Turbidity (NTU) 11429 446,42 287,92 377,08 24251 8573 512
pH 7,92 7,64 7,82 7,74 7,58 765 7,62
Conductivity (uS/cm) 140,3 138,3 137 137,2 130,4 130,5 1275
Nitrates (mg/L) 31,33 10,24 7,12 22,9 20,8 9,02 273
Faecal coliforms (UFC/100 ml) 10240 6220 2630 810 540 270 110
E. coli (UFC/100ml) 8120 3710 240 120 80 0 0
Faecal streptococci (UFC/100 ml) 7470 4200 970 530 180 70 10
Concentration of coagulant (g/L) 2 1 0.8 0.8 0.6 0.6 0.6

These results show the turbidity and microbiological
parameters (faecal coliforms, E. coli and faecal
streptococci) of raw water are not conform to drinking

water standards (WHO, 2011). Considering rural
populations consume these waters, it is necessary to
apply an appropriate treatment. To clarify water with
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turbidity 1142.9 and 446.42 NTU, 2g/L and 1g/L of
oilcake coagulant were used respectively. For those
with 287.92 and 377.08 NTU, 800 mg/L was used for
coagulation flocculation. 600 mg/L of coagulant was
used for water with 242.51, 85.73 and 51.2 NTU (Table
1). The optimum settling time was 15 min before sand
filtration and 30 min if water was treated only by
coagulation flocculation. For water with low turbidity or
containing clays particles, the efficiency of coagulation

flocculation decreased and the treatment requires high
concentrations of coagulant and a long settling time
(Kaboré et al., 2013a; 2013b).

Effects of treatments on the physicochemical
parameters of waters: Figures 2a, 2b, and 2c, 2d
show the effects of coagulation flocculation (T+) and
coagulation flocculation combined with filtration (T2) on
turbidity, nitrates, pH and conductivity of waters.
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Figure 2: Effects of treatments on turbidity (a), nitrates (b), pH and conductivity (d) of waters

For all water, coagulation flocculation only or
associated with sand filtration removed significantly the
turbidity (p<0.00598) and nitrates (p<1.74e-%) (Figures
2a, 2b). In contrast, sand filtration increased
significantly pH (p<0.00203) and conductivity (p<2.63e
%) (Figures 2c, 2d).

Efficiency of sand filtration on physicochemical
quality of water after coagulation flocculation:
Figures 3 and 4 show the physicochemical quality of
raw water treated by coagulation flocculation (T+) and
filtration (T2).
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Figure 3: Turbidity and nitrates in raw water, after coagulation flocculation (T+) and filtration (T>)
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Figure 4: pH and conductivity in raw water after coagulation flocculation (T+1) and filtration (T>)

Depending on water type, 37.38% to 93.43% of the
turbidity and 83.65 to 94.66% of the nitrates were
removed with coagulation flocculation only (figure3).
With this method, no water presented an acceptable
turbidity according to WHO standards after 30 min.
However, combining sand filtration, the turbidity of all
water was conforming to standards after 15 min.
Concerning nitrates; coagulation flocculation was
efficient for all water. The conductivity of all water were
increased with treatment without exceed standards
(figured). Its effect on pH was no significant (Figure 2c).
It appears that to treat water with low or very high
turbidity or whose contain fine particles like clays, the
coagulation flocculation require a high concentration of

oilcake coagulant a long settling time. The use of high
concentrations of coagulant damages the organoleptic
quality of treated water because of residual organic
matter from oilcake (Kaboré et al, 2013a, 2013b).
Thus, sand filtration is necessary after coagulation
flocculation to get safe drinking water quickly.
Combining flocculation coagulation with sand filtration
(T2), the results of turbidity and nitrates were better than
those obtained with coagulation flocculation only. In
fact, for this treatment, 93.43 to 99.87% of turbidity and
90.24 to 98.92% of nitrates were removed depending
on water type (figure3). The analysis of the organoleptic
quality of water after filtration showed neither
unpleasant taste nor disagreeable smell. Furthermore,
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the combination of filtration reduces the processing time causes by filtration materials (figure4). Figure 3 shows
from 30 min minimum to 15 min. That is an advantage raw water (sample 2) and after flocculation coagulation
for a domestic implementation. The significant increase (T4) and filtration (T>).

of conductivity and pH in filtered water is probably

Source: Kaboré A. 2018
Figure 5: Raw water (S.), after coagulation-flocculation (NF) and filtration (F)

Efficiency of sand filtration on microbiological raw water treated by coagulation flocculation (T+) and
quality of water after coagulation flocculation: filtration (T2).
Figures 6, 7 and 8 show the microbiological quality of
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Figure 6: Faecal coliforms in raw water, after coagulation flocculation (T+) and filtration (T>)
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Figure 8: Faecal streptococci in raw water, after coagulation flocculation (T+) and filtration (T2)

Depending on water type, 61.9 to 85.18% of faecal
coliforms, 61.18 to 100% of E. coli and 69.88 to 100%
of faecal streptococci were removed of water treated
only by flocculation coagulation (figures 6, 7, 8). If raw
water does not contain many microorganisms, the
coagulation flocculation only can removed all germs
(Kaboré et al., 2013b). Otherwise, sand filtration is
necessary to get drinking water. Combining sand
filtration with coagulation flocculation removed all faecal
bacteria in water. This related to the retention of
microorganisms on sand. Therefore, coagulation

CONCLUSION

The sand filtration combined to coagulation flocculation
of Moringa oleifera oilcake removed the residual
organic matter induced by the coagulant and
microorganisms in water. The water treated by this
process is conform to WHO standards. In view of these
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