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A B S T R A C T

The high expense of chemical coagulant-treated water forces most people in rural regions to rely on easily available
sources, which are usually of poor quality, and expose them to waterborne infections. According to this statement,
the purpose of this study was to confirm the efficiency of extracting powderMoringa oleifera seeds, which are widely
available in rural regions. The experiment was done based on a random design load of 0.1, 0.2, 0.3, 0.4, 0.5, and 0.6
g/500 ml of powder extracted from Moringa seeds. Chemical oxygen demand (COD), color, and turbidity were
determined for both acidic and basic characteristics of wastewater. The optimum dosage ofMoringa oleiferawas 0.4
g/500 ml in both characteristics of wastewater in the case of color and turbidity. Moringa oleifera maximum
reduction in turbidity, color, and COD in acidic wastewater was 98 %, 90.76 %, and 65.8 % respectively; while, the
maximum reduction of turbidity, color, and COD in basic wastewater were 99.5 %, 97.7 %, and 65.82 % respec-
tively. The study was demonstrated that, the application of RSM for seeking optimum conditions in the coagulation
process for the treatment of wastewater. Moringa seed powder works best with a 7–9 pH range. The study also
investigated that, best adsorption equilibrium was observed when using 0.1 g of Moringa oleifera seed powder. All
the results showed that Moringa oleifera seeds were very effective for the removal of impurities.
1. Introduction

Water is an important natural resource for human life (Ugwu et al.,
2017). Increased population, economic development, and industrializa-
tion have resulted in not only increased freshwater consumption but also
significant mismanagement of this natural resource. The researchers
show that progress in the population's way of life in terms of production
and consumption has resulted in an exponential increase in household
waste (Chaouki et al., 2021). Effluents from various sources reduce the
consistency of natural and surface water by flowing and discharging into
the rivers because of the harmful and undesirable chemical compounds
that are found in them and are therefore a significant cause of water
contamination. The most harmful of these sewage materials in the
oxidizing process, possessing water degradation, oxygen, resulting in
increased chemical oxygen demand in one of the water contents (Nar-
matha et al., 2017). Abiyu et al. (2018), discussed, the lack of safe
drinking water is a major source of death and disease around the world.
Today, environmental engineers' primary concern is how to reduce the
cost of coagulants and flocculants and improve the characteristics of the
generated sludge for safe use (Abdelaal, 2004).
.M. Desta).
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Given its simplicity and cost-effectiveness, the commonly utilized
coagulation and flocculation process is a crucial stage in water and
wastewater treatment. Researchers have discovered that physicochem-
ical processes such as coagulation and flocculation can minimize pollu-
tion and provide clean water for reuse (Manhokwe and Zvidzai, 2019).
Coagulation-flocculation is commonly included either as a pretreat-
ment phase or as a post-treatment step, depending on the nature of the
sample being treated (e.g., various types of water or wastewater) and the
overall treatment plan used. The entire coagulation-flocculation treat-
ment cycle can be separated into two different treatments, to be per-
formed consecutively. The first, so-called coagulation, is the mechanism
by which a given colloidal suspension or solution is destabilized. The
second sub-process, called flocculation, refers to the incorporation of
destabilizing particles to come together, make contact and thus form
large agglomerates, which can normally be more easily separated by
settling gravity. Coagulation is frequently over in a matter of seconds
(e.g., 10 s), but flocculation takes 20–45 min. The resulting destabilized
particles are sufficiently stuck and settle in the following treatment unit
(Narmatha et al., 2017). The most important ingredient in water purifi-
cation is a natural coagulant, such asMoringa oleifera (MO) seed has been
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used to treat wastewater because it is not harmful to humans and has no
notable drawbacks (Alo et al., 2012; Bina et al., 2010; Eman et al., 2014;
Shan et al., 2017).

The advantages of natural coagulants that they are environmentally
sustainable, environmentally friendly, inexpensive, and a simple process
for developing countries. The performance is independent of raw water
pH safe for human health, and antibiotic impact on various bacteria and
fungi. The alkalinity of wastewater can be significantly reduced,
compared to chemical coagulants. Natural coagulants are cost-effective.
According to Vigneshwaran et al. (2020), the widespread use of
aluminum-based chemical coagulants causes a variety of neurological
problems, whereas bio-coagulants have natural properties that make
them toxic to aquatic life. Different researchers studied natural coagulant
such as microbial polysaccharides (Saleem and Bachmann, 2019),
bio-wastes (Atchudan et al., 2020), gelatin, cellulose-based materials
(Leite et al., 2017), chitosan (Agbovi and Wilson, 2019), Moringa oleifera
(Rocha et al., 2020), Moringa oil (Chitra and Muruganandam, 2019).
Natural coagulants are commonly used in less developed populations as a
point-of-use product, as they are fairly cost-effective compared to
chemical coagulants.

Moringa oleifera is an exceptional source of nutritional components
and an excellent source of nutritional and natural energy boosters and
bioactive compounds (Leone et al., 2015). Furthermore, the major vari-
ations in Moringa oleifera's polyphenol content from different regions
suggest thatMoringa oleifera's genetic diversity was relatively high, likely
due to differences in cultivation conditions, climate, or soil environment
resulting in the accumulation of various polyphenols and also resistance
to drought (Rani et al., 2018). During experimentation optimization of
the parameter very essential, because it saves experiment time and
chemical cost. Response surface methodology (RSM) is can do such
things. RSM is a mixture of mathematical and statistical techniques for
experiment design, model construction, achieving ideal conditions for
good reactions with a small number of planned tests, and the effects of
various factors and their interactions (Srinu Naik and Pydi Setty, 2014;
Subramonian et al., 2015; Wang et al., 2014). Indeed, a variety of
specialized techniques are used to eliminate turbidity, color, and chem-
ical oxygen demand, pollutants that may pose health risks, from waste-
water (Abiyu et al., 2018).

The study's needs are: aluminum causes chronic effects. Long-term
aluminum exposure can cause brain and bone effects. Aluminum, once
allowed to penetrate the bloodstream, is a neurotoxic agent. The sludge
generated after treatment is voluminous and not biodegradable and
therefore poses problems with disposal, which leads to increased treat-
ment costs. The cost of these chemicals for imported chemicals has
increased at an alarming rate for foreign exchange problems in devel-
oping countries. Most of the study was focused on the use of Moringa
oleifera to remove turbidity from wastewater. In addition, determining
the efficiency of natural coagulants at different wastewater characteris-
tics is very crucial. Therefore, this experiment was designed to remove
pollutants from wastewater using natural coagulants at different pH
ranges. The specific work of this study was evaluating the performance of
Moringa seed powder for removing pollutants (color, turbidity, and COD)
fromwastewater. The study also sought to explore protocols for assessing
the potency of main water treatment by evaluating the ability of its seed
powder to remove turbidity, color, and COD. It also allows estimation of
the optimum amount of Moringa seed extract that should be used mini-
mized residues in treated water. The study also used methods from the
response surface to optimize the operating parameters.

2. Materials and methods

2.1. Materials

Wastewater was collected from Jimma university institute of tech-
nology Oromia regional state, Ethiopia. While collecting wastewater grab
sampling was used and the wastewater was stored at 4 �C to keep
2

wastewater quality as much as possible. There were different materials
used for the investigation such as pan, sieve, mortar, oven dray, paper,
oven, beaker, test jar, COD digester, pH meter, turbidity meter, and
spectrophotometer.

2.2. Methods

An experimental investigation of wastewater using Moringa Oleifera
Seeds was conducted using test jar apparatus, where Powder of Moringa
Oleifera was added to the prepared beaker by adjusting the quantity of
dosage, pH, stirring time, and rotating speed of the test jar as shown in
Figure 2. The removal percentage of color, COD, and turbidity were
determined based on the operating parameters. The color removal per-
centage of wastewater was determined using a UV/Vis spectrophotom-
eter (Jasco, V-570) at a wavelength of 450 nmmaximum absorbance, and
turbidity was determined by pH meter [Model: HANNA]. On the other
hand, COD was determined using a closed reflux method based on the
APHA guidelines where closed reflux methods use modest amounts of
reagents and produce small amounts of hazardous waste. Closed reflux
methods also use beakers and culture tubes with premeasured reagents,
after which samples are inserted in the tube, and COD is evaluated
through titration.

2.2.1. Coagulant preparation procedure
Moringa seeds are unfortunately not used by the population in

Ethiopia, given their natural coagulant properties, which could be used
very easily for sanitation and health at the household level. The average
weight per seed is 0.3 g and, to purify one polluted liter, one seed is
needed.Moringa seed powder preparation procedure (pan, sieve, mortar,
oven dray, paper) Collect Moringa seeds from the available area; remove
the hulls and wings from the kernels; place the crushed seeds in the oven-
dry using a pan at a temperature of 105 �C for 7 h; grade the dried seeds
using mortar and sieve within 710 sizes, and finally take Moringa seed
powder as shown in Figure 1.

2.2.2. Experimental procedure
In the coagulation and flocculation processes, the jar test is the most

extensively used experimental instrument. To coagulate the wastewater,
a conventional jar test device was utilized using a natural coagulant.

The study was conducted by taking acidic and basic characteristics of
wastewater. The optimum dosage of coagulant was evaluated by varying
the dosage of 0.1, 0.2, 0.3, 0.4, 0.5, and 0.6 g/500 ml at pH of 9 and 3 as
shown in Figure 2.

2.2.3. Analysis
Analysis of wastewater based on the laboratory investigation was

done for wastewater parameters like turbidity, color, and COD using
empirical formulas indicated in Equations ((1)–(5)) under different
operating parameters. In addition to this statistical and mathematical
data were analyzed with Response surface methodology (Design of
Expert 11) and Minitab version 16 statistical software.

Turbidity Testing Procedure: First a water sample was added to the
beaker; then the turbidity meter was calibrated and inserted into the
sample then the value was recorded. The general formula to calculate the
percentage removal of turbidity:

% of Turbidity Removal¼TURi � TURf

TURi
*100 (1)

where; TURi: turbidity of raw sample and TURf: turbidity after treatment.
COD Tasting Procedure: 2.5 ml of sample was taken into the kit; 1.5

ml of potassium dichromate and 3.5 ml of sulfuric acid solution was
added, then the kit was put on the COD reactor for 2 h at 150 �C. After
that, the kit was transferred into the desiccator for 15 min; then dropped
the value of the kit was into the cylindrical flask. Three droplets of ferrous
indicator and FAS were added until the color changed to brown. Then the
number of a droplet of FAS was taken. Finally, the COD was calculated



Figure 1. Grinding Moringa seed and powder form.

Figure 2. A conventional jar test apparatus.
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using the general formula. The general formula used to calculate the
percentage removal of COD was:

COD
�mg

l

�
¼ðA� BÞ*N*8*1000

V
(2)

where; A: Blank sample; B: FAS consumed by the sample, N: normality of
FAS and V: volume of sample. Chemical Oxygen Demand percentage
removal can be simply determined using the mentioned formula below
(Asaithambi et al., 2016)
3

% of COD Removal¼COD0 � CODt

COD0
(3)
where, CODo and CODt are the chemical oxygen demand at time ¼
0 (initial) and at t (reaction time t) respectively.

Color Tasting Procedure: First the spectrophotometer was adjusted;
the beaker and the spectrophotometer were calibrated; then the sample
was added into the beaker and put the beaker that is filled by the sample
into the spectrophotometer; then the scan was touched and the value was
recorded from the diagram; finally, the value was calculated by using Eq.



Figure 4. Optimal dosage of Moringa seed powder acidic characteristics.

Figure 3. Optimal dosage of Moringa seed powder basic characteristics.
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(4). The general formula to calculate the percentage removal of color
was:

% Removal of Color¼Rwi �Wof

Wof
*100 (4)

where; Rwi; raw water sample and Wof observed treated water sample.
Adsorption equilibrium: adsorption is defined as the accumulation

of substance or material at the interface between a solid face and a so-
lution. The adsorbing surface is the adsorbent, and the material
concentrated or adsorbed at the surface is the adsorbant. In this study, the
adsorbent was the amount of Moringa oleifera seed powder and the
adsorbant was the pollutants from wastewater (color, turbidity, and
COD). Adsorption of equilibrium was determined for each executed
experiment for dosage of Moringa oleifera powder as indicated in Eq. (5).
4

qe ¼ðCo � CeÞV
W

(5)
where, Co and Ce (mgL�1) are initial and equilibrium or final concen-
trations of pollutants, qe is equilibrium adsorption amount (mg/g), V is
the volume of wastewater (L) and W is mass of Moringa oleifera powder.

3. Results and discussion

In this study, the use of natural coagulants in domestic wastewater
treatments was investigated in both acidic and basic wastewater char-
acteristics. As observed from the analyzed results, a natural coagulant is
effective for removing the physicochemical water quality parameters.
Figure 3 and 4 show the results obtained from the application ofMoringa
powder to both types of wastewater.
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3.1. Process analysis

For analysis of the data, Minitab version 16 statistical software was
used. Figure 3 demonstrated the result obtained from the treatment of the
basic characteristics of wastewater. The figure specifies the effect of
varying the dosage on the removal of the parameters. The dosage was
started to add to the sample water from 0.1 g/500 l to 0.6 g/500 ml. As
observed from Figure 3 the removal efficiencywas increased to 0.4 g/500
ml dosage and the maximum reduction in turbidity and color was ob-
tained at this point. After this point the graph becomes bending down;
this is due to the dosage being more than the impurity in the sample
water. The experiment was done using a similar dosage of Moringa seed
powder to remove COD. As indicated in Figure 3, a higher dosage of
Moringa powder is needed to get a maximum reduction of COD and the
optimum dosage of Moringa seed powder. This is because the use of
Moringa as a coagulant is disadvantageous. After all, organic matter from
the seed is released into the treatment system of wastewater, which often
leads to a higher demand for chemical oxygen (COD) (Baptista et al.,
2017; Eman et al., 2014); however, it is possible to remove COD using a
natural coagulant as indicated in Figures 3 and 4. The result in Figure 3
shows that usingMoringa powder reveals a reverse effect on water clarity,
where it decreases the intensity by increasing the dosage of Moringa
powder. The decrease may be due to the presence of more positive ions.

Figure 4 verified the results obtained from the treatment of acidic
characteristics of wastewater. The figure stipulates the effect of varying
the dosage on the removal of the parameters. A similar experiment was
done as basic characteristics by taking more acidic characteristics of
sample wastewater to observe the effectiveness of Moringa seed powder
for removing pollutants. The experiment was started using a similar
dosage of Moringa seed powder from 0.1 g/500 l to 0.6 g/500 ml. As
perceived from Figure 4 the removal of the pollutant was increased to 0.4
g/500 ml dosage and the maximum reduction of turbidity and color was
attained at this point. After the optimum point, the graph becomes
bending down; this is due to the dosage being more than the impurity in
the sample water and a more positive ion was developed. This means that
when the coagulant (Moringa seed powder) was added to the sample
followed by rapid string the resulting cationic protein from Moringa seed
powder was distributed to all parts of the liquid and interacting with the
negatively charged particles that caused disturbed turbidity. When cation
was added more than the anion, the cation by itself increases the
turbidity of the water, because there is not enough negatively charged
particle to interact. The experiment was done using a similar dosage of
Moringa seed powder to remove COD. As indicated in Figure 4, a more
dosage ofMoringa seed powder is needed to get a maximum reduction of
Figure 5. Effects of adsorbent dose on the
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COD and the optimum dosage of Moringa seed powder. When the
experiment was carried out at 0.6 g of morning seed powder, the removal
of color dropped to 53 percent, as indicated in Figure 4. The removal of
color, COD, and turbidity using Moringa seed powder was more effective
in more basic than acidic characteristics of wastewater.

3.2. Adsorption equilibrium

Figure 5 indicated that, determination of adsorption equilibrium for
each experiment at the different dosages of Moringa oleifera seed powder
and pH values of 3 and 9. The result for color, turbidity, and COD uptake
using various amounts of Moringa seed powder (0.1–0.6 g/500 ml) was
shown in Figure 5. It can be observed that the uptake of color, turbidity
and COD increase at the initial stage (at 0.1 g). This was because the
availability of the active site and surface area of the adsorbent was high.
As observed from Figure 5, the equilibrium color, turbidity, and COD
uptake capacity (qe) were found to decrease with an increased dosage of
the adsorbent and best when using 0.1 g ofMoringa oleifera seed powder.
The splitting effect of the concentration gradient between the adsorbant
and adsorbent caused the color, turbidity, and COD absorption value of
Moringa seed powder to decrease. Furthermore, the availability of the
active site and surface area of adsorbent were fully occupied due to the
limited capacity of Moringa seed powder adsorbent to adsorb high
amounts of color, turbidity, and COD. The removal of color, turbidity,
and COD were higher at pH 9 than pH 3 because the surface of the
coagulant was negatively charged. The decrease in adsorption capacity at
low pH values would be expected because the acidic medium would lead
to an increase in hydrogen ion concentration, which would then
neutralize the negatively charged coagulant surface, reducing the
adsorption of positively charged ions due to a reduction in the force of
attraction between adsorbant and adsorbent.

3.3. Process comparison

Moringa oleifera Seeds were found to be particularly successful at
removing color, turbidity, and COD from water samples with diverse
characteristics. However, as compared to acidic water, it is more effective
in terms of basic qualities. In deeded similar concentrations of Moringa
oleifera seeds (0.4 mg/500 ml), 99.99 percent turbidity, 95.34 percent
color, and 59.99 percent COD were removed in basic water character-
istics, while 95.99 percent turbidity, 90 percent color, and 55.99 percent
COD were removed in acidic water characteristics. According to other
studies, MO seed flour is effective at removing turbidity, which has been
connected to the removal of helminth eggs in turbid wastewater
removal of color, turbidity, and COD.
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(Sengupta et al., 2012). These findings were in line with previous
research findings, which revealed that treating water samples with MO
seed cake reduced turbidity (Ghebremichael et al., 2005; Nand, 2012;
Shan et al., 2017; Sotheeswaran et al., 2011). According to Govindan
(2018), color and turbidity removal effectiveness of up to 98.4 percent
and 84.3 percent respectively was achieved employing 70 mg/L coagu-
lant extract of Moringa Stenopetala. Garde et al. (2017) discovered that
utilizing 0–0.4 g/L of coagulant dose resulted in 1–25 percent COD
removal. By adding 20–80 mg/l of coagulant dose David et al. (2016),
were able to achieve 97 percent color, 90 percent COD, and 99 percent
turbidity removal. According to Scholes et al. (2020), a 78.6 percent
reduction in chemical oxygen demand (COD) in treated water was
observed.

3.4. Process optimization

The analysis of variance (ANOVA) was used to analyze the interaction
between the proses variable and the response. The model F-value of 4.90
for color, 23.01 for turbidity, and 129.37 for COD imply the model was
significant. There was only a 3.02 % for color, 0.03 % for turbidity, and
0.01 % for the COD likelihood that a large F-value could be caused by
noise. Model terms with P-values of less than 0.0500 were considered
significant. A, A2, and B2 were crucial model terms in this example. The
model terms are not important if the value is bigger than 0.1000. Model
reduction may improve the model if there are many inconsequential
model terms (not including those required to support hierarchy). As
Table 1 shows that, the model was significant at 95 % confidence level by
the F-test with all p-values of regression <0.05. In addition, the model
does not exhibit lack of-fit (P > 0.05). The lack of fit test measures the
failure of the model to represent data in an experimental domain at
points that are not included in the regression. If a model is significant
meaning that, the model contains one or more important terms, and the
model does not suffer from lack of fit. If the experimental environment is
quite noisy, or some important variables are out of the experiment, it is
possible that the portion of the variability in the data not explained by the
model also called the residual could be large. Table 1 depicted that, the P-
Table 1. ANOVA for Quadratic model.

Source Sum of
Squares

df Mean
Square

Model 5684.32 5 1136.86

A-PH 1856.55 1 1856.55

B-Dosage 550.84 1 550.84

AB 669.70 1 669.70

A2 1485.28 1 1485.28

B2 2598.83 1 2598.83

Residual 1624.05 7 232.01

Cor Total 7308.37 12

Model 1348.29 5 269.66

A-PH 62.02 1 62.02

B-Dosage 371.51 1 371.51

AB 35.72 1 35.72

A2 132.85 1 132.85

B2 559.29 1 559.29

Residual 82.05 7 11.72

Cor Total 1430.33 12

Model 298.36 5 59.67

A-PH 11.04 1 11.04

B-Dosage 235.02 1 235.02

AB 1.48 1 1.48

A2 18.20 1 18.20

B2 14.29 1 14.29

Residual 3.23 7 0.4613

Cor Total 301.59 12
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values of color, turbidity, and COD were less than 0.05, indicating that
the factor affecting the response variables.

Optimization of the treatment process usingMoringa oleifera seed was
conducted using RSM to minimize the operating cost and time by
reducing the coagulant dosages. During optimization, the highest
removal efficiency of color, turbidity, and COD from wastewater was
achieved. Figures 6a, b, and c showed that 3D response surface plots of
the quadratic models concerning color, turbidity, and COD removal by a
factor of pH and dosage similar results to (Trinh and Kang, 2011). As
illustrated in figure a, increasing color removal was observed with
increasing bothMoringa powder and pH, and higher removal efficiency of
95 % was obtained at 0.467 g/500 ml of Moringa powder and 8.78 pH.
However, like in Figures 3 and 4 , an increase in both Moringa powder
and pH beyond the optimum range resulted in decreasing removal effi-
ciency of color. In Figure 6b, similar results were observed as in
Figure 6a; but, the higher removal efficiency of 98.5 % of turbidity was
obtained at 0.467 g/500 ml Moringa powder and 8.78 pH. However,
analogous trained was occurred after the optimum region like in
Figure 6a. As the doses increased higher than 0.467 g/500 ml, the
removal efficiency began to decrease at all coagulation pH, similar to
(Trinh and Kang, 2011). This indicates that there was an overdose in the
reaction solution. This created increasing color and turbidity of the
water. As figure c illustrated, the increasing COD removal efficiency was
achieved by increasing both Moringa powder and pH. But, as shown in
Figure 6c, the optimum removal efficiency was not obtained. This implies
that for the removal of COD, more Moringa powder was required other
than color and turbidity.

3.5. Factors affecting the operating parameters

The methodology has shown that the optimal coagulant dose was
achieved efficiently and directly by reducing the turbidity, color, and
COD by considering several inputs or process parameters of coagulation
processes. The input was as follows: initial turbidity, color, COD, natural
coagulant dose, process temperature (T), time, and pH. These are highly
useful when determining operational factors such as coagulant selection
F-value P-value Remark Response

4.90 0.0302 Significant Color

8.00 0.0255

2.37 0.1673

2.89 0.1331

6.40 0.0392

11.20 0.0123

23.01 0.0003 Significant Turbidity

5.29 0.0550

31.70 0.0008

3.05 0.1243

11.33 0.0120

47.72 0.0002

129.37 <0.0001 Significant COD

23.93 0.0018

509.52 <0.0001

3.22 0.1160

39.45 0.0004

30.98 0.0008



Figure 6. Design expert; surface plots; (a), (b), and (c) removal efficiency of
color, turbidity, and COD respectively.
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and dose, optimization pH, and mixing process optimization and dura-
tion. During coagulation testing, the coagulant is dosed into water sam-
ples, and the resulting solutions are mixed to destabilize and incorporate
contaminants into the aggregates (flocs) (Naceradska et al., 2019). After
flocculation, a 15-minute stirring phase was entered at 200 r/min and the
flocs were broken. Following the breakage, a slow stir was reintroduced
at 40 r/min and allowed to be aggregated for another 15 min. For the
removal of turbidity, the dosage for maximum reduction is the same. As
7

Okey-Onyesolu et al. (2020) indicated, the set-up time of 49.25 min,
which is a little longer, was the best time to remove the color.

3.5.1. Effects of dosage
The effects of Moringa seed amount on the removal of pollutants

(color, turbidity, and COD) from wastewater were presented in Figure 3
and 4. A steep increase in removal efficiency of color at pH 9 and 3 with
the dosage of from 0.1- 0.3 g/500 ml (Figures 3 and 4). Some gentle
increment was observed in the removal efficiency of turbidity and COD
with similar dosage and pH values (Figures 3 and 4). After 0.4 g/500 ml
dosage of Moringa seed powder, the removal efficiency of color and
turbidity was reduced, implying that more cation was present in the
wastewater sample than anion. However, the COD removal efficiency
was linearly increased up to the maximum dosage of Moringa seed
powder (0.6 g/500 ml). This implied that more dosage was needed to
attain the maximum removal efficiency of COD (Figures 3 and 4).

3.5.2. Effects of pH
As observed from Figure 7, pH has a significant impact on the removal

of color, COD, and turbidity. At a similar value ofMorniga seed powder (4
mg/L) and pH of 3, COD was reduced by 56.34 %, color was reduced to
91.56% and turbidity was reduced to 98.02%. As the pH value increases,
the removal efficiency increases, and increasing up to 9 pH values.
Furthermore, as the water becomes stronger with a base pH greater than
9, the removal efficiency becomes reduced. This may be attributed to the
presence of more hydrogen ions at lower pH, resulting in increased up-
take of wastewater components by coagulant surface. On the other hand,
the presence of hydroxyl ions at higher pH may result in suppression of
adsorption for all the wastewater components ontoMoringa seed powder.
This indicated thatMoringa seed powder was effective in removing color,
COD, and turbidity with a pH range of 7–9. It looks there is no significant
difference in removal efficiency of both color and turbidity in the PH
range of 7–9. However, when the pH was more than 9 the removal ef-
ficiency of Moringa seed powder affects significantly.

4. Conclusion

The Moringa is a multipurpose tree with a significant economic and
societal value that is grown in almost every developing country. The
southern part of Ethiopia is the major one in the country. It's viewed as a
sustainable, effective, and appropriate water treatment technology. In
addition to treating wastewater, its nutritional and medicinal applica-
tion are very effective. The study proved that the use of Moringa seed
powder in the reduction of color, turbidity, and COD is highly effective.
The maximum removal of color and turbidity was achieved at 0.4 g per
500 ml of wastewater sample, but further increasing the dosage of
Moringa seed powder above 0.4 gms led to a decrease in turbidity and
color due to floc restabilization. In the case of the COD, further exper-
imentation is needed by increasing the dosage of Moringa seed powder.
The study also showed that Moringa seed powder has high removal ef-
ficiency in turbidity and color rather than COD. The application of RSM
to optimize the coagulation process for wastewater treatment using
Moringa powder was investigated. As the results showed that RSM was
an effective method to optimize experimental parameters in the treat-
ment of wastewater. The removal efficiency of Moringa seed powder
depends on the pH value. The adsorption equilibrium of color, turbidity,
and COD uptake capacity (qe) was found to decrease with an increased
dosage of the adsorbent and best when using 0.1 g of Moringa oleifera
seed powder The use of Moringa seed powder in water treatment as a
coagulant could be applied both at household and industrial scale. For
developing countries, Moringa oleifera should be used without any
transformation to avoid extra expense which is not always granted for
these countries. The benefits endowed with this tree need to be explored
in all implications especially its economic importance going by profit-
ability index.



Figure 7. Effect of pH for removal of color; COD and turbidity.

W.M. Desta, M.E. Bote Heliyon 7 (2021) e08451
Thus, due to the diverse use of this tree, the Ethiopian government, in
particular, takes initiative to plant more and more trees in all areas and
for increased economic efficiency, processing, packing, and preservation
should be adopted and supported. More research should be undertaken
using another part of this tree for different application areas. It is also
suggested that increasing the dosage of Moringa and other natural co-
agulants, as well as experimenting with different ratios, be investigated
to isolate various contaminants from water and wastewater.
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