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Abstract: The public's health and surface water are adversely affected by the improper
disposal of abattoir wastewater. In this study, 40 litres of abattoir effluent was treated for ten
(10) weeks using raw, powdered Moringa oleifera seeds as a coagulant. Processed M.
oleifera seeds in loading quantities of 10, 12, 14, 16, 18 and 20 g were used in a completely
randomised design (CRD) for the treatment. There was also a control (abattoir effluent not
treated with M. oleifera). Before and after treatment, the physical and chemical characteristics
of abattoir wastewater were examined. The results demonstrated that the treatments
significantly lowered the turbidity value, which fell from 15.40 mg/L to 7.63 mg/L for a 16
g dosage in week 7. For the 20 g treatment in the first week, total alkalinity decreased from
216.67 mg/L to the lowest value of 63.67 mg/L. An amount of 14 g of M. oleifera lowered
both the total hardness from 116.33 mg/L to 78.40 mg/L and conductivity from 1395.7 mg/L
to 520 mg/L within the first week of the experiment. From weeks 2 to 6, the biological oxygen
demand (BOD) was discovered to be nil. For the 14 g treatment, the Calcium value decreased
from 31.47 mg/L in the first week to 6.23 mg/L in the fifth week. The results generally
demonstrated that 16 g/500 mL of M. oleifera was capable of treating abattoir effluent,
confirming its capacity to coagulate for the treatment of such waste. The study's extract doses
did not affect the colour or smell of the treated wastewater. The results have generally
highlighted that the natural coagulants could be successfully used for the removal of turbidity,
faecal bacteria and all unwanted concentrations of heavy metals including zinc from abattoir

wastewater.
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1. Introduction

Population expansion and the commercialisation of animal products for human use
have led to an increase in abattoir waste production, resulting in pollution and environmental
degradation, particularly in surface water bodies. In the northern part of Nigeria, especially
in Minna, the state capital of Niger State in the North Central part of Nigeria, 3.92 tonnes of
blood, 2.9 tonnes of intestinal content, 4.2 tonnes of bone and 2.2 tonnes of tissues as abattoir
waste are generated daily (Ogbonaya et al., 2011). Blood, fat, organic and inorganic solids,
salts, and chemicals are frequently found in abattoir wastes, also referred to as slaughter-
house wastes, which, if improperly managed and disposed of, pose serious health risks to
those who live nearby (Oruonye, 2015; Sindibu et al., 2018; Obidiegwu et al., 2019). The
wastewater from abattoirs is typically released directly into ecosystems without adequate
treatment, posing serious threats to surface water quality, general environmental safety, and
by extension, human health (Adamu & Dahiru, 2020; Aleksic et al., 2020; Ogeleka et al.,
2021). The volume of domestic, agricultural, and industrial wastewater entering rivers
globally is increasing at an alarming rate, worsening the problem of surface water pollution
globally (Shukla et al., 2021). This raw abattoir effluent discharge has a negative impact on
water quality, mainly by reducing dissolved oxygen (DO) (Falodun & Rabiu, 2017) and
raising the number of heavy metals in the water, which can cause aquatic life to perish
(Simeon & Friday, 2017). Before being released into surface water bodies, abattoir
wastewater needs to be treated to avoid contamination of water bodies which are used for
both domestic and agricultural activities (Olaniran et al., 2019). Liquid effluents discharged
from slaughterhouses are extremely difficult to treat or purify due to a number of factors,
including the waste's distinctive characteristics, its variable composition at the time of
discharge, and a significant amount of mineral, biogenic, and organic matter that is known to
provide nutrients for bacterial growth (Pandit et al., 2021; Khan et al., 2021; Meena et al.,
2021). According to the National Environmental Sanitation Policy developed by the Federal
Ministry of Environment, improper market and abattoir planning; the emergence of illegal
markets and abattoirs (including slaughter slabs); a lack of adequate facilities such as potable
water; insufficient road networks, institutional regulations, enforcement, and monitoring;
and, most importantly, corrupt and sharp practices by market and abattoir supervisors.

According to Adamu and Dahiru (2020), managing pollution at the point of
slaughterhouse waste discharge into surface water bodies may be a huge task due to the high
cost of technology required and owing to the exorbitant cost of the chemicals often used to
treat the wastewater being generated. Alternative materials that are cost-effective,
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biodegradable, nontoxic, environmentally friendly, and locally accessible are now being
investigated as a result of these challenges. Based on their chemical properties, coagulants
are frequently used in conventional water treatment procedures. Aluminium and iron (I11)
salts are the two principal coagulants that are most frequently utilised, according to
Bouchareb et al. (2021). However, recent studies have shown several disadvantages
associated with the use of these salts, including a link between Alzheimer's disease and the
use of aluminium salts in wastewater treatment that results in huge volumes of hazardous
sludge (lvanova et al., 2021; Nisar & Koul, 2021). Vigneshwaran et al. (2020) have
emphasised the drawbacks of the pervasive usage of chemical coagulants such as aluminium.
According to the study, the usage of aluminium-based chemical coagulants results in a
number of neurological issues, whereas bio-coagulants are dangerous to aquatic life due to
their inherent qualities (Onukwuli et al., 2021). The use of natural coagulants like Moringa
oleifera has attracted a lot of attention lately (Rocha et al., 2020). M. oleifera seed kernels
are biological coagulants made up primarily of low molecular weight water-soluble proteins
with a net positive charge in solution (Saini et al., 2016; Wagh et al., 2022). According to
Tunggolou and Payus (2017), M. oleifera coagulant is both safe and highly effective in
removing pollutants. | It exhibits coagulating qualities that have been employed for turbidity,
alkalinity, total dissolved solids (TDSs), and hardness, among other elements of water
treatment (Arnoldsson et al. 2008).

Muyibi and Evison (1995) first identified the softening property of M. oleifera when
wastewater turbidity decreased by 99% and hardness was reduced by between 60 and 70%.
This was further buttressed by Nand et al. (2012) as locally available seeds like corn,
cowpeas, and M. oleifera were employed for the heavy metal adsorption of substances like
lead, chromium, zinc, cadmium, and others, with M. oleifera being the most successful.
Recent research by Nisar and Koul (2021) also found that M. oleifera seeds contain anti-
microbial properties as well as cationic water-soluble proteins (polyelectrolytes) that have
active coagulative properties. These proteins can effectively treat impure water by removing
turbidity and heavy metals like Cu, Pb, Cr, and Zn from wastewater.

According to Rahmadyanti et al. (2020), using M. oleifera as coagulants in
wastewater treatment resulted in pH parameter content that was close to neutral, or 6.65 *
0.04%; it also decreased TSS to 99.63 + 0.10%; COD to 98.06 + 0.04%; and biological
oxygen demand (BOD) to 97.67 £ 0.24%. The study also stated that the treated wastewater
could be safely discharged into the water body as a result of the successes achieved in the
treatment. In some earlier experiments, doses of 0 g/500 mL to 10 g/500 mL of M. oleifera
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seeds were employed to remediate wastewater. These investigations were unsuccessful in
determining the optimal doses necessary to sufficiently treat the wastewater (Desta & Bote
2021; Villasefior-Basulto et al., 2018; Vunain et al., 2019). Therefore, the goal of this study
was to establish the best dosage of M. oleifera in treating abattoir wastewater while also
addressing the physical, chemical, and bacteriological aspects of abattoir wastewater utilising
M. oleifera seeds as a coagulant.

2. Materials and Methods

2.1 Preparation of Coagulant

Mature M. oleifera pods from dried, cracked fruit were selected. The seeds were
extracted from the fruits by cracking them, and they were then given two days to air-dry. The
outer shells of the seed kernels were removed using a knife, and the kernels were then crushed
in a mortar and pestle before being sieved through a 600 m stainless steel sieve size to create
a fine powder. The fine powder was maintained in a refrigerator in a sterilised plastic rubber
container.

2.2 Experimental Design

The three replications of the experiment used a completely randomised design (CRD).
Wastewater from the abattoir in the amount of 40 L was taken from the facility and poured
into 18 beakers. Three of the beakers received 500 mL of purified water and 500 mL of
abattoir wastewater, but without M. oleifera. This was kept around for comparison.

2.3 Sample Preparations

Varying amounts of 10 g, 12 g, 14 g, 16 g, 18 g, and 20 g of M. oleifera powder
were weighed into beakers containing 500 mL of distilled water each allowed the creation of
6 different amounts of the stock solution for the loading dose. In order to create a clear
solution, the contents in the beakers were agitated with an automated stirrer at 125 rpm for
30 min before being left undisturbed to settle for 1 h. By sifting the settled sludge, the solution
was extracted and measured into a 500 mL sample of the effluent from the abattoir. To help
the coagulant develop, the solution was gently shaken for 2 min. The generated solution was
collected and put through a 10-week experimental investigation. After collection, the
containers were carefully kept in a cool, dry room, and 2 h later, wastewater analysis began.

2.4 Physico-chemical and Biological Characterisation

The physicochemical parameters that were in this study were temperature, pH, total
hardness, turbidity, conductivity, total alkalinity and dissolved oxygen, manganese, zinc.



AAFR] 2024, 5, 2; a0000495; https://doi.org/10.36877/aafrj.a0000495 5 of 16

2.4.1 Turbidity

The turbidity of abattoir wastewater was measured by using an Oakton TL2310
turbidity meter. The turbidity of the wastewater sample was measured before and after
treatment. The sample was fed into a simple cell and put into the cell holder. It was placed in
the Oakton TL2310 Turbidity meter for measurement and readings were taken after it was
stabilised. It was expressed in nephelometric turbidity units (NTU), according to Verma et
al., (2020).

2.4.2 pH and dissolved oxygen

A pH meter was used to measure the pH of the effluent both before and after the
addition of the coagulant. Winkler's method was used to measure the amount of dissolved
oxygen. About 5 L of dilution water was produced by mixing 1 mL of phosphate buffer,
magnesium sulphate, calcium chloride, and ferric chloride solution with each litre of distilled
water and aerating the mixture for 10 h (Kim et al., 2021).

2.4.3 Conductivity, TDS and temperature

The conductivity and TDS were all measured using a multifunction Oakton CON 550
meter. The wastewater sample was fed into a sample and put into the cell holder before it was
placed in the Oakton CON 550 meter for measurements before and after treatment with
natural coagulants.

2.4.4 Total hardness, total alkalinity, and zinc

Total hardness, total alkalinity, and zinc were evaluated using the Jeyasekhar (2022)
procedure.

2.4.5 Biological oxygen demand (BOD)

BOD was measured using the Verma et al. (2020) approach. About 2.5 mL of abattoir
wastewater sample before and after the treatment with M. oleifera seeds extracts were
transferred into each BOD bottle. A volume of 300 mL of diluted water was added to the
BOD bottle. Besides that, 300 mL of diluted water was transferred into the BOD bottle and
allocated as the control. Each sample was then titrated against N/40 sodium thiosulphate
solution with starch as an indicator after ceasing dissolved oxygen using 1 mL of potassium
iodide and manganese sulphate. The same numbers of BOD bottles were also incubated in
the BOD incubator for 5 days at 20°C, and DO values were measured after 5 days. The
difference between the initial DO and the DO after 5 days gave the BOD values.
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3. Results and Discussions

Table 1 displays the chemical properties of the M. oleifera seed used in this investigation.
Table 1 underscores the coagulating nature of M. oleifera seeds as it contains cationic
proteins, which help in water purification and treatment. M. oleifera seeds are also sources
of minerals, micronutrients, and bioactive substances such as flavonoids, saponins, steroids,
phytates, and trypsin inhibitors (Abdel-Latif et al., 2022). The seed might be classified as an
oil seed because its lipid content ranges from 13% to 46% (35.11% as shown in Table 1).

Both as a coagulant and an antibacterial, M. oleifera's chemical characteristics operate
on two levels. The positively charged, water-soluble proteins in M. oleifera seeds interact
with the negatively charged particles in effluent from abattoirs to form bonds that cause flocs
to fall to the bottom and be filtered out, thus acting as a coagulant (Baquerizo-Crespo et al.,
2021).

Table 1. Chemical properties of M. oleifera seed

Properties Content (mg/L) | Properties Content (%)
Iron 7.85 Moisture content 8.24
Manganese 4.42 Crude protein 36.62
Phosphorus 56.83 ASH 6.65
Magnesium 11.33 FATS 35.11
Calcium 4.85 Crude Fiber 4.28
Zinc 51.4 NFE 9.1

3.1 pH

Without M. oleifera treatment, the average pH of the abattoir effluent was determined
to be 6.96 at the collecting site. In the first week, the pH decreased to 6.80, 6.78, 6.76, 6.71,
6.65, and 6.65 with the addition of 10 g, 12 g, 14 g, 16 g, 18 g, and 20 g of M. oleifera
treatment, correspondingly. The cationic water-soluble protein found in the seeds of M.
oleifera has the ability to act as a coagulant, which explains why the solution becomes more
alkaline and therefore, increases the pH level of the wastewater. The solution becomes
alkaline as a result of the alkaline amino acids in the M. oleifera protein absorbing protons in
the water and releases hydroxyl groups (Marzougui et al., 2021). The larger dose of M.
oleifera seed powder employed in this study may have resulted in a lower pH of treated
sewage water due to the presence of low molecular weight proteins (Basra et al., 2014).
However, as seen in Figure 1, for all doses, the pH value increased during the course of the
treatment from week 1 through week 10. This was consistent with the findings of Desta and
Bote (2021), who concluded that M. Oleifera's parameters’ removal efficiency rises with an



AAFR] 2024, 5, 2; a0000495; https://doi.org/10.36877/aafrj.a0000495 7 of 16

increase in pH value. According to Figure 1, the pH values reached their ideal levels in week
5 for all dosages with a minimum of 6.58 mg/L for the dosage of 16 g of M. oleifera. The pH
range for industrial wastewater discharge after treatment, as advised by the World Health
Organization (WHO), is 7 to 8 mg/L.
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Figure 1. pH values with M. oleifera treatments
3.2 Turbidity

From week 2 to week 10, the turbidity of effluent from an abattoir treated with the
coagulant M. oleifera seed powder significantly decreased (Figure 2). According to
Vigneshwaran et al. (2020) and Desta & Bote (2021), the decrease in turbidity observed
demonstrated that the dosage of cationic protein in M. oleifera has begun to react. According
to Sotheeswaran et al. (2011), the mechanism of coagulation with M. oleifera seeds involve
the adsorption and neutralisation of the colloidal positive charges that draw the negatively
charged contaminants in water. Due to these interactions, the forces that stabilise the particles
are weakened, allowing precipitate to form by attaching to minute particulates. As opposed
to the 94.4% turbidity reduction reported by Vigneshwaran et al. (2020), the ideal dosage of
M. oleifera was discovered to be 16 g/500 mL of M. oleifera dose in week 7, when it went
from 19.73 to 7.53 NTU, or 63.5% turbidity removal from the wastewater (Figure 3). The
destabilised particles have a chance of stabilising again, most likely as a result of an overdose.
This was clear from Figure 3, which depicts how the turbidity level improved after week 7 to
reach 16ng/500 mL. According to Megersa et al. (2016), this is a result of the polymer bridge
becoming saturated.
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Figure 3. Turbidity of abattoir effluent before and after treatment with M. oleifera

3.3 Conductivity

The conductivity of the wastewater was measured to be 1395.7 s/cm at the time of
sampling (week 1) and rose with time to 1878 s/cm in the fifth week following treatment with
M. oleifera. From the first week, the average conductivity value for all treatments
dramatically increased. With 16 g of M. oleifera treatment, the value increased by roughly
61% from the point of collection to 1719.67 s/cm (Figure 4). The percentage increase level
at 16 g of M. oleifera. As seen, the M. oleifera treatment is similar to all other therapies. In
general, conductivity was seen to rise over time, albeit it gradually fell with treatments using
M. oleifera (Figure 4). According to Tunggolou and Payus (2017), the increase in
conductivity reading has been linked to the ions that develop in the water during the
coagulation process. Due to the existence of unbound ions, a higher coagulant dosage in the
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solution than the recommended dosage will eventually result in an increase in conductivity
(Yuliastri et al., 2016).
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Figure 4. Conductivity values with M. oleifera treatments

3.4 Total Hardness

The abattoir effluent has greater total hardness values because it contains hardness
from calcium, magnesium, and other hardness-causing chemicals. Hardness, particularly
when magnesium sulphate is present, can create scaling in pipelines and develop a laxative
effect on new customers (Egbueri, 2023). Cooking utensils and water heaters frequently
develop incrustations as a result of calcium salts. The portable water must therefore be
softened. This merely suggests that the necessary doses of M. oleifera will rise as the sample's
hardness-causing species count rises. In Week 1, it was estimated that the samples' initial
total hardness at the point of collection was 141.3 mg/L. From weeks 1 to 10, as the doses of
M. oleifera rose, there was an overall decrease in total hardness, as depicted in Figure 5. This
is because as the adsorption properties of M. oleifera seeds in wastewater help in aggregating
the particles of dissolved ions, including calcium and magnesium ions, which by coagulation
and flocculation, are removed from the wastewater thereby reducing total hardness. The
outcome therefore demonstrated that the amount of hardness eliminated increased with the
amount of M. oleifera administered. Because of this, 14 g of M. oleifera had the greatest
ability to reduce wastewater hardness.
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Figure 5. Total hardness values with M. oleifera treatments

3.5 Total Alkalinity

The collection point's alkalinity was 216.67 mg/L. In the first week, it dropped
sharply, from 216.67 mg/L for the control to 86 mg/L for the 14 g M. oleifera treatment, a
60.3% reduction, as shown in Figure 5. Figure 6 shows that overall total alkalinity levels
decreased throughout all weeks as the amount of M. oleifera rose. The reduction of total
alkalinity of abattoir wastewater by M. oleifera is due to the adsorption properties of M.
oleifera seeds (Desta & Bote, 2021) Through adsorption, M. oleifera seeds can reduce the
concentration of dissolved organic compounds, ions, and other substances present in the
wastewater, thereby decreasing total alkalinity. Because of this, 12 g of M. oleifera had the
greatest ability to lower wastewater's overall alkalinity.
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Figure 6. Total alkalinity values with M. oleifera treatments
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3.6 Zinc

Figure 7 illustrates the concentration of zinc, one of the heavy metals in wastewater,
which was reported to be 1.42 mg/L at the collection location. From week 1 to week 5, zinc
concentrations generally decreased (see Figure 7). The reduction in zinc level in abattoir
wastewater by M. oleifera can also be attributed to the adsorption properties of M. oleifera
seeds. With 14 g of M. oleifera present, the lowest value of 0.62 mg/L was noted in week 5.
This demonstrates how effective M. oleifera is at removing heavy metals. However, it was
discovered that the zinc concentration at the place of collection was below the 5 mg/L
maximum allowed by the WHO. The significant volume of blood discovered in wastewater
has been linked to the high zinc level.
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Figure 7. Zinc values with M. oleifera treatments

3.7 Dissolved Oxygen (DO)

The DO at the moment of collection ranged from 1.67 mg/L to 2.0 mg/L, according
to Figure 8. With treatments of 10 g, 12 g, 16 g, 18 g, and 20 g of M. oleifera, it increased to
2.87 mg/L at the end of Week 5, except for the 16 g treatment that gave 2.93 mg/L of DO.
There was also a considerable improvement in the DO right from Week 1. The improvement
in DO in the samples has been completely achieved by the M. oleifera doses in the abattoir
effluent by week 5, resulting in complete treatment across the samples, from 1.67 mg/L to
2.87 mg/L representing a total increase of 71.86% of the treatment, which is consistent with
Yuliastri et al., (2016). This improvement in DO level of the wastewater has been attributed
to the removal of organic compounds from the wastewater by the M. oleifera which are
responsible for the consumption of DO during microbial decomposition (Ogunshina et al.,
2023). The presence of natural and organic chemicals in M. oleifera seeds have been
attributed to the rise in DO levels (Verma et al., 2020).
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Figure 8. Dissolved oxygen values with M. oleifera treatments

3.8 Biological Oxygen Demand (BOD)

At the time of sampling, a BOD value of 4.33 mg/L was initially recorded without
any coagulant added. When the M. oleifera was added at different doses in Week 2, the
BOD value varied from 3.67 mg/L to 5.55 mg/L. BOD removal was made possible by the
interaction between the cationic protein molecules with negatively charged particles present
in abattoir wastewater. These proteins act as coagulants causing the particles to clump
together and form bigger flocs which can then be easily removed from water thereby reducing
the BOD. By comparing the sample's dissolved oxygen levels before and after 5 days of
incubation (BOD:s) in the dark, the BOD level was calculated. The required amount of oxygen
for the breakdown of organic compounds in the wastewater was determined by the difference
between the two DO levels. The high blood volume in the wastewater was attributed to the
higher BOD contents observed at the point of collection. This is consistent with Ma et al.
(2020) and Iloms et al. (2020) findings. The lower BOD values recorded at the end of Week
2 and beyond indicate that all of the organic materials present in the wastewater samples have
been completely degraded, as indicated in Table 1. It was, however, observed that at Week
8, the values of BOD started rising, though, insignificantly which could be attributed to the
exhaustion of interaction between positively charged protein molecules in M. oleifera seeds
and negatively charged wastewater particles. This, therefore, underscores the need for proper
monitoring of BOD removal by M. oleifera as the BOD levels in wastewater samples tend
to rise with time. This was the case between Weeks 7 and 10 (Table 1).
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Table 1. BOD Values For the wastewater samples

I\C/:I('Jrileer:{(zg? 109 129 149 16 g 18¢ 209
weekl 433 487 4.33 5.33 3.67 4.00 3.67
week?2 0.00 0.00 0.00 0.00 1.00 0.00 1.00
week3 0.00 0.00 0.00 0.00 0.00 0.00 0.00
week4 0.00 0.00 0.00 0.00 0.00 0.00 0.00
week5 0.13 0.00 0.00 0.00 0.00 0.00 0.00
week6 0.00 0.00 0.00 0.00 0.00 0.00 0.00
week7 0.13 0.10 0.18 0.40 0.27 0.33 0.60
week8 0.19 0.20 0.35 0.27 0.30 0.33 0.63
week9 0.13 0.13 0.20 0.20 0.18 0.22 0.20
week10 0.17 0.20 0.32 0.30 0.30 0.38 0.40

4. Conclusions

The effectiveness of M. oleifera as a natural coagulant that is favourable to the
environment has been evaluated. M. oleifera has been shown to be useful in purifying
wastewater that has unwanted concentrations of heavy metals including zinc and manganese.
The following conclusions can be taken from the experimental analysis and the results:

M. oleifera is eco-friendly and economically advantageous and locally available. The
physicochemical properties of wastewater, including pH, turbidity, total alkalinity, total
hardness, dissolved oxygen, BOD, calcium, and conductivity, can be improved by using M.
oleifera, a powerful natural coagulant. As 16 g/500 mL of M. oleifera was able to treat
abattoir wastewater and thereby confirm the suitability of using M. oleifera for abattoir
wastewater treatment, M. oleifera seeds present a more effective and affordable method of
treating abattoir wastewater that should be adopted in treating them before being discharged
into the surface water body. The water-soluble, positively charged proteins found in M.
oleifera seeds are thought to be responsible for the plant's reported coagulant activity.

Author Contributions: Conceptualisation, Adesiji, A.R. and Hassan, M..; methodology, Adesiji, A.R.; software, Hassan
M and Odekunle, M.O.; validation, Adesiji, A.R., Hassan, M, Asogwa, E.O.; formal analysis, Adesiji, A.R and Mangey,
J.A.; investigation, Adesiji, A.R. and Hassan, M.; resources, Adesiji, A.R. and Hassan, M.; data curation, Hassan M and
Odekunle, M.O.; writing—original draft preparation, Adesiji, A.R. and Hassan, M.; writing—review and editing, Hassan
M and Odekunle, M.O.; English editing and proof reading, Hassan M Odekunle, M.O, Asogwa, E.O and Mangey, J.A

Funding: No external funding was provided for this research from any funding agencies in the public, commercial, or not-
for-profit sectors

Acknowledgments: In this segment, you may acknowledge any support that is not addressed by the author's contribution
or funding sections.

Conflicts of Interest: The authors declare no conflict of interest

References

Abdel-Latif, H. M., Abdel-Daim, M. M., Shukry, M., et al. (2022). Benefits and applications of Moringa oleifera
as a plant protein source in Aquafeed: A review. Aquaculture, 547, 737369.



AAFR] 2024, 5, 2; a0000495; https://doi.org/10.36877/aafrj.a0000495 14 of 16

Adamu, M. T., Dahiru, M. (2020). A Review on Abattoir Wastewater Treatment for Environmental Health
Improvement. Journal of Environmental Bioremediation and Toxicology, 3(2), 26-31.

Aleksic, N., Nesovic, A., Sustersic, V., et al. (2020). Slaughterhouse water consumption and wastewater
characteristics in the meat processing industry in Serbia. Desalin Water Treat, 190, 98-112.

Arnoldsson, E., Bergman, M., Matsinhe, N., et al. (2008). Assessment of drinking water treatment using
Moringa oleifera natural coagulant. Vatten, 64(2), 137.

Baquerizo-Crespo, R. J., Nufiez, Y., Albite, J., et al. (2021). Biocoagulants as an Alternative for Water
Treatment. Advances in the Domain of Environmental Biotechnology: Microbiological Developments
in Industries, Wastewater Treatment and Agriculture, 313-334.

Basra, S., Igbal, Z., Ur-Rehman, H., et al. (2014). Time course changes in pH, electrical conductivity and heavy
metals (Pb, Cr) of wastewater using Moringa oleifera Lam. seed and alum, a comparative
evaluation. Journal of applied research and technology, 12(3), 560-567.

Bouchareb, R., Bilici, Z., Dizge, N. (2021). Potato Processing Wastewater Treatment Using a Combined Process
of Chemical Coagulation and Membrane Filtration. CLEAN-Soil, Air, Water, 49(11), 2100017.

Desta, W. M., Bote, M. E. (2021). Wastewater treatment using a natural coagulant (Moringa oleifera seeds):
optimization through response surface methodology. Heliyon, 7(11), e08451.

Egbueri, J. C. (2023). A multi-model study for understanding the contamination mechanisms, toxicity and health
risks of hardness, sulfate, and nitrate in natural water resources. Environmental Science and Pollution
Research, 30(22), 61626-61658.

Falodun, O. I, Rabiu, A. G. (2017). Physico-chemical and bacteriological quality of an abattoir wastewater
discharged into water bodies in Ibadan, Nigeria and drug resistant profile of isolated Salmonella
species. Journal of Microbiology and Biotechnology, 7, 23-31.

lloms, E., Ololade, O. O., Ogola, H. J., et al. (2020). Investigating industrial effluent impact on municipal
wastewater treatment plant in Vaal, South Africa. International journal of environmental research and
public health, 17(3), 1096.

Ivanova, 1., Popov, A., Chukhno, A., et al. (2021). A bioassay of the toxic effects of aluminum chloride and
aluminum sulfate using Auloforus (Dero furcata). In1OP Conference Series: Earth and
Environmental Science, 937(2), 022021). IOP Publishing.

Jeyasekhar, M. P. (2022). Physico-chemical Analysis of ground water samples from different taluks in
Kanyakumari District, Tamil Nadu, India. Journal of Xi’an Shiyou University, 18(5), 415-430.

Khan, M. J., Ahirwar, A., Schoefs, B., et al. (2021). Insights into diatom microalgal farming for treatment of
wastewater and pretreatment of algal cells by ultrasonication for value creation. Environmental
Research, 201, 111550.

Kim, T., Hite, M., Rogacki, L., et al. (2021). Dissolved oxygen concentrations affect the function but not the
relative abundance of nitrifying bacterial populations in full-scale municipal wastewater treatment
bioreactors during cold weather. Science of The Total Environment, 781, 146719.

Ma, J., Wu, S., Shekhar, N. V., et al. (2020). Determination of physicochemical parameters and levels of heavy
metals in food waste water with environmental effects. Bioinorganic Chemistry and
Applications, 2020.

Marzougui, N., Guasmi, F., Dhouioui, S., et al. (2021). Efficiency of different Moringa oleifera (Lam.) varieties
as natural coagulants for urban wastewater treatment. Sustainability, 13(23), 13500.



AAFR] 2024, 5, 2; a0000495; https://doi.org/10.36877/aafrj.a0000495 15 of 16

Meena, M., Sonigra, P., Yadav, G., et al. (2021). Wastewater Treatment Techniques: An Introduction.
In Removal of Emerging Contaminants Through Microbial Processes (pp. 161-182). Springer,
Singapore.

Megersa, M., Beyene, A., Ambelu, A, et al. (2016). A preliminary evaluation of locally used plant coagulants
for household water treatment. Water Conservation Science and Engineering, 1, 95-102.

Muyibi, S. A., Evison, L. M. (1995). Moringa oleifera seeds for softening hardwater. Water Research, 29(4),
1099-1104.

Nand, V., Maata, M., Koshy, K., et al. (2012). Water purification using moringa oleifera and other locally
available seeds in Fiji for heavy metal removal. International Journal of Applied, 2(5), 125-129.

Nisar, N., & Koul, B. (2021). Application of Moringa Oleifera Lam. Seeds in wastewater treatment. Plant
Archives, 21(1), 2408-2417.

Obidiegwu, C. S., Chineke, H. N., Ubajaka, C. N., et al. (2019). Public Health Challenges in Somachi Main
Abattoir Owerri, Nigeria: A Review and Field Activity Report. Safety, 1(2).

Ogbonaya, C., Adeoye, P. A., Ibeadotam, C. (2011). Abattoir wastes generation, management and the
environment: a case of Minna, North Central Nigeria. International Journal of Biosciences, 1(6), 100—
109.

Ogeleka, D. F., Emegha, M. C., Okieimen, F. E. (2021). Ecotoxicological Risk Assessment of Surface Water
Receiving Abattoir Effluent. Science, 9(1), 14-22.

Ogunshina, M. S., Abioye, O. M., Adeniran, K. A,, et al. (2023). Moringa Oleifera Coagulation Characteristics
in Wastewater Treatment in a University Dormitory. Nature Environment and Pollution
Technology, 22(2), 699-707.

Olaniran, E. I., Sogbanmu, T. O., Saliu, J. K. (2019). Biomonitoring, physico-chemical, and biomarker
evaluations of abattoir effluent discharges into the Ogun River from Kara Market, Ogun State, Nigeria,
using Clarias gariepinus. Environmental monitoring and assessment, 191(1), 1-17.

Onukwuli, O. D., Nnaji, P. C., Menkiti, M. C., et al. (2021). Dual-purpose optimization of dye-polluted
wastewater decontamination using bio-coagulants from multiple processing techniques via neural
intelligence algorithm and response surface methodology. Journal of the Taiwan Institute of Chemical
Engineers, 125, 372-386.

Oruonye, E. D. (2015). Challenges of Abattoir Waste Management in Jalingo Metropolis. Nigeria. International
Journal of Research in Geography, 1(2), 22-31.

Pandit, S., Savla, N., Sonawane, J. M., et al. (2021). Agricultural waste and wastewater as feedstock for
bioelectricity generation using microbial fuel cells: Recent advances. Fermentation, 7(3), 169.

Rahmadyanti, E., Wiyono, A., Aritonang, N. (2020). Combination of phytocoagulant Moringa oleifera seeds
and constructed wetland for coffee processing wastewater treatment. Journal of Engineering Science
and Technology, 15(1), 728-745.

Rocha, V. V. F., dos Santos, I. F. S., Silva, A. M. L., et al. (2020). Clarification of high-turbidity waters: a
comparison of Moringa oleifera and virgin and recovered aluminum sulfate-based
coagulants. Environment, Development and Sustainability, 22(5), 4551-4562.

Saini, R. K., Sivanesan, I., Keum, Y. S. (2016). Phytochemicals of Moringa oleifera: a review of their
nutritional, therapeutic and industrial significance. 3 Biotech, 6(2), 203.



AAFR] 2024, 5, 2; a0000495; https://doi.org/10.36877/aafrj.a0000495 16 of 16

Sindibu, T., Solomon, S. S., Ermias, D. (2018). Biogas and bio-fertilizer production potential of abattoir waste
as means of sustainable waste management option in Hawassa City, southern Ethiopia. Journal of
Applied Sciences and Environmental Management, 22(4), 553-559.

Shukla, A. K., Ojha, C. S. P., Shukla, S., et al. (2021). Water Quality Challenges in Ganga River Basin, India.
In The Ganga River Basin: A Hydrometeorological Approach (pp. 1-19). Springer, Cham.

Simeon, E. O., Friday, K. (2017). Index models assessment of heavy metal pollution in soils within selected
abattoirs in Port Harcourt, Rivers State, Nigeria. Singapore Journal of Scientific Research, 7, 9-15.

Sotheeswaran, S., Nand, V., Maata, M., et al. (2011). Moringa oleifera and other local seeds in water
purification in developing countries. Research Journal of chemistry and environment, 15(2), 135-138.

Tunggolou, J., Payus, C. (2017). Application of Moringa oleifera plant as water purifier for drinking water
purposes. Journal of Environmental Science and Technology, 10, 268-275.

Verma, R.K., Kumar, R., Sethi, M. (2020). Use of Distinct Parts of Moringa Oleifera in Domestic Wastewater
Treatment (An Analogous Study). In 2020 8th International Conference on Reliability, Infocom
Technologies and Optimization (Trends and Future Directions) (ICRITO) (pp. 463-467). IEEE.

Villasefior-Basulto, D. L., Astudillo-Sanchez, P. D., del Real-Olvera, J., et al. (2018). Wastewater treatment
using Moringa oleifera Lam seeds: A review. Journal of Water Process Engineering, 23, 151-164.

Vigneshwaran, S., Karthikeyan, P., Sirajudheen, P., et al. (2020). Optimization of sustainable chitosan/Moringa
oleifera as coagulant aid for the treatment of synthetic turbid water—A systemic study. Environmental
Chemistry and Ecotoxicology, 2, 132-140.

Vunain, E., Masoamphambe, E. F., Mpeketula, P. M. G., et al. (2019). Evaluation of coagulating efficiency and
water borne pathogens reduction capacity of Moringa oleifera seed powder for treatment of domestic
wastewater from Zomba, Malawi. Journal of Environmental Chemical Engineering, 7(3), 103118.

Wagh, M. P., Aher, Y., Mandalik, A. (2022). Potential of Moringa Oleifera Seed as a Natural Adsorbent for
Wastewater Treatment. Trends in Sciences, 19(2), 2019-2019.

Yuliastri, 1.R., Rohaeti, E., Effendi, H., et al. (2016). The use of Moringa oleifera seed powder as coagulant to
improve the quality of wastewater and ground water. In IOP conference series: earth and
environmental science, 31(1), 012033. IOP Publishing.

Copyright © 2024 by Adesiji, A. R., et al. and HH Publisher. This work is licensed under the Creative Commons

Attribution-NonCommercial 4.0 International Lisence (CC-BY-NC4.0)




