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ABSTRACT

The prevalence of water related diseases has led to the critical need for water treatment before domestic use; water
treatment usually comprises several processes needed to improve the quality of raw water. This research aimed at
comparing the efficiency of Moringa seed extract on twelve drinking water quality parameters, evaluating and comparing
the performance and effectiveness of Moringa seed extract to alum in different domestic water samples in Ikole-EKkiti,
Nigeria. Moringa Oleifera extract was added to collected water samples which were subjected to laboratory investigations,
results showed that the Moringa oleifera seed extract improved the characteristics of odour, total solids, turbidity, pH,
nitrate, chloride, hardness, iron and sulphate parameters in collected water samples; to levels that met standards for
drinking water. It was recommended that private investors are encouraged to invest on the production and use of Moringa

Oleifera based on its high economic value.
Keywords: moringa oleifera, turbidity, domestic water treatment.

INTRODUCTION

Water is a precious natural resource vital for
sustaining life, it is in a continuous circulation and it is not
uniformly distributed in time and space. Due to its
multiple benefits and the problems created by its excesses,
shortages and quality deterioration, water, as a finite
resource requires adequate attention for its sustainable use
(Pinderhughes, 2004).

The lack of safe drinking water for domestic use
is a leading cause of morbidity and mortality, findings
show that safe water and adequate sanitation are basic to
health (Fewtrell et al, 2007), there are a number of critical
data gaps that will need to be monitored in order to enable
systematic tracking of worldwide progress towards
achieving sustainable access to safe water sources
(UNICEF and WHO, 2017).

As at 2015, 71% of the global population (about
5.2 billion people) used safely managed drinking-water,
844 million people lack even a basic drinking-water
service, including 159 million people who are dependent
on raw surface water (WHO, 2018). Water-related
diseases cost 443 million school days each year,
equivalent to an entire school year for all seven-year-old
children in some African countries (UNDP, 2006), this has
shown that children with water related infections are twice
as likely to be absent from school as those without.

The prevalence of water related diseases has led
to the critical need for water treatment before domestic
use; water treatment usually comprises water clarification
and disinfection processes, including coagulation,

flocculation, sedimentation, filtration and disinfection,
which are a combination of several processes needed to
improve the quality of raw water (Kalibbala, 2007),
various processes are involved such as the use of inorganic
coagulants including aluminium sulphate, ferric chloride
and calcium carbonate (Vickers et al, 1995). Investigation
showed that some parts of the developing world use
locally available natural coagulants to reduce turbidity in
surface water (Ghebremichael et al, 2005) while some
studies have reported hazardous impact of synthetic
organic polymers on human health (Lee et al, 2009), the
use of non hazardous substances is promoted in water
treatment.

The removal of turbidity in water treatment is
essential because naturally suspended particles are
transport vehicles for undesirable organic and inorganic
contaminants (Raghuwanshi, 2002) and electrostatic
forces prevent agglomerating, making it impossible to
remove them by sedimentation without the aid of
coagulants (Diaz et al, 1999). Coagulants are added to
water is to increase the number of flocs present in the
treatment, as flocs density increases, inter particle contact
increases due to Brownian motion, promoting
agglomeration of colloidal particles into larger flocs for
enhanced settling (Qasim, 2000). Destabilisation of
colloidal particles in water is accomplished via adsorption
and charges neutralisation, adsorption and inter-particle
bridging (Gregory and Duan, 2001). Figure-1 shows the
process of formation of a microfloc towards the removal
of turbidity in drinking water.
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Figure-1. Formation of a Microfloc (Shapally, 2012).

This research aimed at comparing the efficiency
of Moringa seed extract on twelve drinking water quality
parameters in Ikole EKkiti, evaluating and comparing the
performance and effectiveness of Moringa seed extract to
alum in different domestic water sources prevalent in the
study area.

METHODS

Study Area

This research concentrated the study on Odi-
Olowo, Otunja, Usin, and Ilotin communities, which are
located in Ikole- Ekiti Local Government, Nigeria of the
South West Zone of Nigeria as shown in Figure-2. Ikole-
Ekiti, the headquarters of the Ikole-Ekiti Local
Government Area has a population of 168,436 (National
Bureau of Statistics, 2007) living on a landmass of about
321 square kilometres.

Mep OF Niceria

Figure-2. Map of Nigeria of Nigeria showing location of Ekiti State.
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Ekiti State is a viable agricultural zone in Nigeria,
it supports the production of various cash crops of which
the Moringa Oleifera tree is among trees with economic
value in the country. Research has shown that the impact
of rainfall and temperature pattern has a potential impact
on agriculture, food security and socio-economic
vulnerability (Raha and Kumar, 2019). The study of the
use of the Moringa Oleifera seeds in Ekiti State is an
avenue to promote potentials existing in the State.

The Moringa Oleiferais:

Moringa oleifera is a tree of Moringaceae family
with 14 species; the extract has been proven to be more
effective in water treatment than the powder of oleifera
seed (Aho and Agunwamba, 2018). The mechanism of
coagulation with Moringa oleifera appears to consist of
adsorption and neutralization of the colloidal charges. The
natural coagulants are readily available, affordability, eco-
friendly, low cost, nontoxic and food grade in nature

(Tzouponas and Zoubolis, 2010). Moringa oleiferais one
of the most useful tropical trees in Nigeria, the relative
ease with which it propagates and its low demand for soil
nutrients and water makes its production and management
easy (Foidl et al, 2001, Rashid et, 2008). Moringa leaves
and fruit pods are rich sources of calcium and iron, and
good sources of vitamins (Rams, 1994), the flowers can be
cooked or oven-dried and used for tea with desirable
characteristic (Davis, 2000 and Abdulkarim er al, 2005).
which can also be used as supplement for livestock
(Akhtar et al, 2006).

Preparation of the Moringa Oleifera Extract:

The Moringa Oleifera tree is a very popular tree
in Ikole-EKkiti, dried Moringa oleifera seeds were removed
from the pods (Plate-1); the seeds were shelled to extract
kernels as shown in Plate-2, which were ground into a fine
powder.

Plate-2. Moringa seeds extracted from pods.

The collected seeds were dried until its moisture
content was completely removed and ground into powder.
The fine powder was then sieved, using a 1.18m sieve. 10g
of the Moringa powder mixed into a paste using 100ml of
water recommended by researchers (Aho and
Agunwamba, 2018) has been found to give extract at

concentrations suitable for water treatment; the solution
was filtered using a filter paper, 0.2g per 500ml was
determined for turbid collected water samples from Ikole
sampling points.
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Sampling Points for Experimental Research:

Twelve sampling points were identified across
Ikole Ekiti, the location of the sampling points are detailed
out in Table-1.

Water samples for experimental purpose were
collected from three (3) different sources, the Rain Water

(RW) harvesters, Hand Dug Well (HDW) and Hand Pump
installed on Borehole (HPB), four samples were collected
from each source. Optimal dose determined by jar test for
each sample was applied to water samples for a 24 hour
detention time.

Table-1. Location details of sample sources.

Sample Sample Type of . Latitude ° Longitude ° Remarks on
Location Raw Water
No Code source N) E)
Samples
Sample 1 | RWI Rain Water | Mpado Hostel | 7.79212 5.48775 Colourless
Odourless
Sample | pw2 | Rain Water Otunja 7.79278 5.47359 Colourless
2 Odourless
Sample RW3 Rain Water Usin 7.79177 5.48845 Colourless
3 Odourless
Sample RW4 Rain Water Tlotin 7.79566 5.48844 Colourless
4 Odourless
Sample Hand Dug 5.48778 Slightly Cloudy
5 HDWI1 Well Mpado Hostel 7.79810 Unpleasant
Sample HDW2 Hand Dug Gigonu 7.79579 547357 Slightly Cloudy
6 Well House ’ Odourless
Sample HDW3 Hand Dug Olamide 7.79776 5.48843 Slightly Cloudy
7 Well House Unpleasant
Sample HDW4 Hand Dug CAC Tbudo 7.79669 5 48843 Slightly Cloudy
8 Well Unpleasant
Sample Hand Pump Iya-Ibo Colourless
9 HPBI on Borehole House 7.78814 >48773 Odourless
Sample Hand Pump Alayerogun Colourless
10 HPB2 on Borehole Street 7.78572 >47358 Odourless
Sample Hand Pump s Colourless
1 HPB3 on Borehole Ayeni Villa 7.78774 5.48848 Odourless
Sample | pppy | HandPump o vina | 7.78669 5.48843 Colourless
12 on Borehole Odourless

Laboratory Analysis of Water Samples:

Laboratory analysis of the collected water
samples were carried out according to ‘Standard Methods
for the Examination of Water and Wastewater’ 19th
edition, American Public Health Association (APHA,
1999).

Twelve water quality parameters were analyzed
on the collected water samples made up of the physical,
chemical and biological properties of the samples. The
parameters analysed include: Temperature, Odour, Total
Solids, Turbidity, pH, Nitrate, Sulphate, Chloride,
Magnesium Hardness, Calcium Hardness, Iron, and
Bacteria Count.

RESULTS:

Results obtained from analysis carried out on
water samples are presented in tables 2 to 4. Rain water
samples from four different rain harvesters were subjected
to water quality laboratory test and results obtained for the
twelve parameters are presented in Table-2. Results

obtained are compared with drinking water standards by
the World Health Organization (WHO, 2011) and the
Nigerian Standard for Drinking Water Quality (NSDWQ,
2007).
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Table-2. Results of water quality parameters from samples of raw rain, with alum, with moringa extract.

RW1 RW2 RW3 RW4
Sample | Sample Sample | Sample Sample | Sample Sample | Sample
Raw Treated | Treated Raw Treated | Treated Raw Treated | Treated Raw Treated | Treated W.H.O NSDWQ
S/N Parameter UNIT | Water . . Water . . Water . . Water . . Standard
sample with with sample with with sample with with sample with with Standard
P Moringa Alum P Moringa Alum P Moringa Alum P Moringa Alum
1 Temperature °c 24.2 24.2 242 25.4 254 254 22.4 22.4 22.4 22.7 22.7 22.7 Ambient Ambient
Odour- Odour- Odour- Odour- Odour- Odour- Odour- Odour- Odour- Odour- Odour- Odour- Odour- Odour-
2 Odour
less less less less less less less less less less less less less less
3 Total Solids mg/1 4.5 1.1 1.32 3.2 0.8 0.98 14.2 3.6 4.13 3.2 0.7 1.04 500 500
4 Turbidity NTU 0 0 0 0 0 0 0 0 0 0 0 0 6 0-5
5 pH Value 5.8 6.3 5.7 5.9 6.5 4.8 5.7 6.1 49 5.6 6.2 5.1 6.5 6.5-8.5
6 Nitrate (NOy) mg/1 0 0 0 0 0 0 0 0 0 0 0 0 30 30
7 Sulphate ( SOy, mg/1 0 0 0 0 0 0 0 0 0 0 0 0 200 300
8 Chloride mg/1 220 122.4 701.91 709 397 1966.5 652 321 1738.8 148 115 404.13 250 250
Magnesium
9 Hardness Mg2+ mg/1 52 18 40 30 20 26 32 12 29 14 9 11 50 50
Calcium
10 Hardness(Ca®") mg/1 36 34 12 38 20 15 22 20 16.5 32 15 13.25 50 50
11 Iron (Fe*") mg/1 0.04 0.01 0.01 0.04 0.01 0 0.03 0.3 0.3
12 Bacterial Count Cfu/l 0 0 0 0 0 0 0 0 0

Water samples from different Hand Dug Wells (HDW) were subjected to water quality analysis and results obtained are presented in Table-3.
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Table-3. Results of water quality parameters from samples from hand dug well, with alum, with moringa extract.

HDW1 HDW?2 HDW3 HDW4
Sample | Sample Sample | Sample Sample | Sample Sample | Sample
Raw Treated | Treated Raw Treated | Treated Raw Treated | Treated Raw Treated | Treated W.H.O NSDWQ
S/N | Parameter | UNIT | Water . . Water . . Water . . Water . . Standard
sample with with sample with with sample with with sample with with Standard
P Moringa Alum P Moringa Alum P Moringa Alum P Moringa Alum
1 Temperature °c 25.7 25.7 25.7 25.9 25.9 259 26.3 26.3 26.3 27.1 27.1 27.1 Ambient Ambient
Un- Odour- Odour- Odour- Odour- Odour- Un- Odour- Odour- Un- Odour- Odour- Odour- Odour-
2 Odour
pleasant less less less less less pleasant less less pleasant less less less less
3 Total Solids mg/1 8 2.2 2.5 6 1.5 1.9 5 1.2 1.3 15 3.6 4.5 500 500
4 Turbidity NTU 9 1.1 2 8 0.8 0.93 9 1 1.7 11 1.5 3 6 0-5
5 pH Value 6 6.7 5.6 6.8 7.2 4 6.1 6.5 42 6.4 6.7 4.4 6.5 6.5-8.5
6 Nitrate (NO4) | mg/l 4.25 0.78 4.25 6.3 0.22 0 0.45 0 0 0.33 0.15 0 30 30
7 S‘?é’gate mg/l 0.4 0.25 0 0 0 0 0.22 0 0 0.65 0.21 0 200 300
4)
8 Chloride mg/1 453.76 323 554.55 652.28 326.14 854.22 581.26 560.11 573.1 446.7 337 475 250 250
Magnesium
9 Hardness mg/1 50 35 65 84 30 75 42 23 64.5 92 342 75 50 50
M g2+
Calcium
10 Hardness mg/l 30 18.25 17 136 130 204 156 135 155 75 45 136 50 50
(Ca™)
11 Iron (Fe™) mg/l 0 0 0 0.03 0 0 0.06 0.03 0 0 0 0 0.3 0.3
1o | Bacterial ) qq 14 14 14 7 7 7 15 15 15 12 12 12 0 0
Count

Water samples from Boreholes equipped with Hand-pumps (HPB) were subjected to water quality analysis and results obtained are presented in Table-4.
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Table-4. Results of water quality parameters from samples from hand pump on boreholes, with moringa extract.

HPB1 HPB2 HPB3 HPB4
Sample Sample Sample Sample Sample Sample Sample Sample
Raw Treated Treated Raw Treated Treated Raw Treated Treated Raw Treated Treated W.H.O NSDWQ
S/N Parameter UNIT | Water . . Water . . Water . . Water . . Standard
sample with with sample with with sample with with sample with with Standard
P Moringa Alum P Moringa Alum P Moringa Alum P Moringa Alum
1 Temperature °c 24.2 24.2 242 259 259 25.9 24.5 24.5 24.5 26.2 26.2 26.2 Ambient Ambient
Odour- Odour- Odour- Odour- Odour- Odour- Odour- Odour- Odour- Odour- Odour- Odour- Odour- Odour-
2 Odour
less less less less less less less less less less less less less less
3 Total Solids mg/1 2.5 0.6 0.8 6 1.5 1.9 6 1.7 2 3 0.5 0.6 500 500
4 Turbidity NTU 0 0 8 0.8 0.93 9 1.6 3 4.5 0.7 1 6 0-5
pH Value 6.5 6.7 6.8 7.2 4 6.4 6.8 4.1 6.8 7 5.4 6.5 6.5-8.5
6 Nitrate mg/l 0.3 0 0 6.3 0.22 0 0.11 0 0 0 0 0 30 30
(NOy)
7 S“(g’gate meg/l | 036 0.05 0.3 0 0 0 0 0 0 0 0 0 200 300
4)
8 Chloride mg/l 354.5 255.2 645 652.28 326.14 854.22 194 190.5 220 194 165 225 250 250
Magnesium
9 Hardness mg/l 42 25 64 84 30 75 60 35.5 68.5 52 36 62 50 50
M g2+
Calcium
10 Hardness mg/1 61 32.1 77 136 130 204 56 42 86.2 52 36 67 50 50
(Ca™)
11 Iron (Fe*") mg/1 0 0.05 0 0.03 0 0 0 0 0 0 0 0 0.3 0.3
12 Bacterial Cfu/l 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Count
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DISCUSSIONS

Odour in drinking-water may be indicative of
some form of pollution, this can therefore be an indication
of the presence of potentially harmful substances. It can be
observed that all the samples from the rain water
harvesters, hand pump installed on borehole sources are
odourless and they conform to the WHO and NSDWQ
standards. For the samples taken from the hand dug wells,
samples HDW1, 3, 4 had an unpleasant odour, in the raw
water sample, the odour was removed with the use of
Alum and Moringa extract as presented Tables 2 and 4.

The total solids for the raw rain water samples
ranged between 3.2-14.2 mg/1 for the four collected water
samples, these results fall within the WHO and NSDWQ
permissible limits.

Turbidity is a term that refers to the optical
property that causes light to be scattered and absorbed

rather than transmitted in a straight line through water. It is
caused by suspended and colloidal matter such as clay,
silt, finely divided organic matter, plankton and
microscopic organism, one of the biggest challenges
facing the water treatment industry (Bove ef al, 2002). The
four raw water samples from the hand dug wells were all
turbid at values higher that recommended by standards for
drinking water quality as presented in Table-3. Turbidity
levels were reduced to permissible limits as presented in
Figure-3 when the hand dug well water samples were
treated with Moringa extract and Alum. This supports the
work of researchers on the use of Moringa to remove
turbidity from water (Ozacar and Sengil 2003). Moringa, a
natural coagulant is shown to have no adverse effect on
health as compared to other chemical coagulants (Tokmak,
2004).
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2 W RHVR 3l 5 NSRRI £
5

Alum; Sa
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Figure-3. Turbidity (NTU) of hand dug well water samples.

The pH values of all collected water samples
were below the neutral value of 7.0 as shown in Figure-4,
the World Health Organization (WHO) standard for
drinking water quality value for pH is 6.5 while the
Nigerian Standard for Drinking Water Quality (NSDWQ)
pH values are between 6.5 to 8.5. The addition of the
Moringa seed extract resulted in the increase in pH for all
water samples while the addition of alum to the water

samples depressed the pH value of all the water samples. It
is noted that the use of Moringa seed extract in water
treatment increases the alkalinity of water samples; while
chemical coagulants can consume virtually all of the
available alkalinity in water samples, hence lowering the
pH to a level that hinders effective treatment (Rossi and
Ward 1993).
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Figure-4. pH value for rain water samples showing impact of addition of moringa seed extract.

Nitrate in groundwater originates primarily from
fertilizers, septic systems, and manure storage or spreading
operations. Nitrogen that is not taken up by plants from
fertilizer or carried away by surface runoff leaches to the
groundwater in the form of nitrate. All the water samples
collected from rain water harvesters had no nitrate
contamination. For the hand dug well samples, the nitrate
level for sample HDW 1,2,3 and 4 are 4.25, 6.3, 0.45, and
0.33 mg/l respectively compared with the WHO and
NSDWAQ standards which is 30mg/1. The nitrate level was
reduced to 0 mg/l when Moringa and alum was added for
all the samples.

As for all water samples, the level of sulphate
present are in the range of 0-0.65 mg/l. This is well below

the WHO and NSDWQ standards of 200mg/l and 300mg/1
respectively. When alum and Moringa seed extract were
added, it was observed that the sulphate level was reduced.
Only four out of all the twelve water sources sampled did
met up with the acceptable limits for drinking water for
Chloride content, these are samples RW1, RW4, HPB3
and HPB4, however it was observed that Moringa seed
treatment reduced the chloride level in all water samples,
to the range of 115-397 mg/l. Water treatment with alum
increased chloride content in water samples to the range of
404.13-1966.5 mg/l. This is well above the WHO and
NSDWQ permissible limit. Figure-5 shows the impact of
Moringa seed extract and addition of alum to rain water
samples.
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Figure-5. Chloride content in rain water samples.
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The magnesium and calcium ions present in the
rain water samples are within the WHO and NSDWQ
permissible limit except for the magnesium in sample
RW1 which is 52 mg/l. This value was reduced to 18 and
40 mg/l when treated with Moringa and alum respectively.
Most of the samples from the hand dug well source
contain calcium and magnesium above the WHO and
NSDWAQ standards which is 50 mg/l. The magnesium and
calcium content was further increased when alum was
added to the raw water. The calcium ions in sample
HDW?2 increased from 136 mg/l to 204 mg/l when alum
was added. Upon addition of Moringa seed powder, the

B Raw Sample;

calcium and magnesium ions were reduced. Similar trend
as witnessed in the hand dug well samples occurred in the
hand on borehole samples. The magnesium and calcium
ions increased when alum was added, example is sample
HPB 4 of the hand in which the magnesium ion increased
from 52 mg/l to 60 mg/l. Magnesium and Calcium
contents in water samples reduced when Moringa seed
extract was added in sample HPB 4. Figure-6 show results
obtained with the addition of Moringa Seed extract and
Alum to water sample from Boreholes equipped with
handpumps.
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Figure-6. Magnesium hardness (mg/l) hand pump borehole.

All collected water samples showed that iron
content were within the WHO and NSDWQ permissible
limit which is 0.3 mg/l. It was observed that addition of
alum and Moringa seed extract further reduced the iron
content present in water samples. Results of analysis of
water samples from hand dug wells showed the presence
of bacteria in water samples, rain water, hand pump
equipped borehole samples recorded no contamination of
samples by bacteria. Addition of alum and Moringa seed
extract did not show a significant effect on the bacteria
count in water samples obtained from hand dug well.

CONCLUSIONS

The following conclusions can be drawn from
this study:
a) Moringa oleifera tree is easily accessible in the area of

study, with relative ease to propagate and possesses
numerous domestic functions from the seeds, and
leaves to the flowers.

b) This research showed that the Moringa oleifera seed
extract improved the characteristics of parameters in
water samples by the adjustment of odour, total solids,

turbidity, pH, nitrate, chloride, hardness, iron and
sulphate in water samples to meet standards for
drinking water.

¢) Moringa oleifera seed extract was not suitable when
used as disinfectant in collected water samples, the
impact of the seed extract on contaminated hand dug
well water samples did not improve quality of water
to meet standards.

d) Moringa oleifera seed extract can be used as an
alternative to alum as a coagulant in removing
turbidity from domestic water as experimental results
showed that both the Moringa oleifera seed extract
and Alum effectively removed turbidity in collected
water samples to acceptable limits for drinking water.

e) Moringa oleifera seed can be effectively used as a
coagulant especially in rural areas based on the
environmental friendly characteristics and cost
effectiveness.
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RECOMMENDATIONS
a) Moringa oleifera is biodegradable, eco-friendly and

non-toxic, therefore can be wused safely and
recommended for use in water treatment.

b) It is recommended that studies be carried out
determine impact of Moringa Oleifera seeds on other
various sources of water for domestic use.

c) There is need for the government to sensitise rural
dwellers on the use of Moringa in water treatment
method through workshops, seminars and the use of
social media.

d) Government should encourage private investors to
invest on the cultivation and use of Moringa trees
based on its high economic value.
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