Water Air Soil Pollut (2023) 234:250
https://doi.org/10.1007/s11270-023-06238-3

®

Check for
updates

The Potential of Moringa oleifera Seed in Water
Coagulation-Flocculation Technique to Reduce Water

Turbidity

Farouk Abdullah Rasheed - Karwan Alkaradaghi -
Nadhir Al-Ansari

Received: 30 December 2022 / Accepted: 8 March 2023 / Published online: 3 April 2023

© The Author(s) 2023

Abstract Using a safe and easy-to-apply economic
flocculant to replace alum is necessary to expand
and enhance the water quality in rural regions where
traditional water treatment is unavailable. The seed
of Moringa oleifera is locally available in large vol-
umes and is feasibly economical. A compatibility and
applicability research of the easily accessible local
Moringa oleifera seed extract (MOSE) was conducted
to examine its potential utilization to lessen various
degrees of water turbidity at 30+2 °C. The study
concerns the optimum dosage of MOSE to give high
turbidity removal efficiency in the water. Experiments
were carried out for nine turbidity samples: 5, 10,
15, 30, 50, 70, 100, 200, and 300 NTU. The turbidity
removal efficiency of up to 89% was achieved for high
initial turbid water 300 NTU. However, for low turbid
water, its potential efficiency declined. The results
demonstrate that the de-oiled extract is substantially
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more efficient than the crude extract in agglomerat-
ing colloidal particles of low initial turbidity samples
and achieved up to 76% removal rate. The results of
the ANOVA confirmed that the regression model was
significant at (p <0.05) for residual turbidity after
the treatment process. The study also demonstrates
that a pseudo-first-order kinetic model matched well
the nature of the removal of colloidal particles with
MOSE in water to form flocs. The study also indicates
that the characteristics of water treated with crude
MOSE produce little change in electrical conductivity
and salinity. However, the hardness and alkalinity of
water decreased significantly depending on the initial
hardness and the amount of MOSE applied (p <0.05).

Keywords Moringa oleifera seed - Turbidity -
Coagulation - Flocculation - Water quality - Removal
efficiency

1 Introduction

The availability of high-quality freshwater with low
turbidity is the most fundamental issue due to poten-
tial interaction with downstream treatment opera-
tions and negative impacts on customer acceptabil-
ity (Mohseni-Bandpei et al., 2018). The turbidity of
surface water changes according to the year’s season,
mainly from agriculture and development activity,
with high erosion rates due to silt and clay that can
carry substantial amounts of pollutants (Igwe et al.,
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2017) (Razali et al., 2020). Water turbidity causes
limited sunlight penetration into water bodies. Thus,
it can harm fish and other aquatic life by reducing
food supplies, degrading spawning beds, and affect-
ing gill function (Matta et al., 2017).

Undesirable water turbidity not only causes public
health problems but also creates an inadequate budget
for water treatment processes because the safe drink-
ing water supply should be free of turbidity (Anthony
et al., 2021). Therefore, intake water from lakes and
rivers should pass through treatment techniques to
make it harmless and attractive to the consumers.
Proper treatment is vital before usage (Kurniawan
et al., 2012). The type of water treatment depends on
the residue present in the water (Cui et al., 2020).

Various conventional methods, such as precipita-
tion, adsorption, flotation, ion exchange, membrane
filtration, and biological and electrolytic process,
have been utilized to reduce and remove turbidity
from water (Rajoria et al., 2022). Coagulation and
flocculation are fundamental units in surface water
treatment. Coagulation is the addition of synthetic
or natural coagulants into the water to destabilize the
negative charges of colloidal particles (Bhatia et al.,
2007). Flocculation is a slow, gentle mixing of water
to advance the flocs to grow to a bigger size to settle
out quickly (Nan et al., 2016). Removing minute col-
loids depends on the amount of coagulant added.

Aluminum sulfate is the most widely used
coagulant in water treatment because of its proven
capability and lower cost. However, it creates by-
products that harm human health (Wu et al., 2012);
(Elsayed et al., 2021). Low-cost and safe coagulants
with high cation capability are required to avoid
this issue. Research in the past four decades has
increasingly been directed toward producing natural
coagulants that are renewable and nontoxic (Mumbi
et al., 2018). The coagulant of Moringa oleifera seed
extract (MOSE) is an alternative and is commonly
used in less developed communities since it is easily
biodegradable (Yamaguchi et al., 2021). The MOSE
is feasible and applicable in separating colloidal
particles because the extract components contain
soluble cationic proteins, peptides, calcium, iron,
vitamin C, and tocopherol that functions as a cati-
onic polyelectrolyte (Dzuvor et al., 2022). Further-
more, the volume of settled sludge produced during
the process can be used as bio-fertilizers to increase
crop rates (Idris et al., 2016).
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The rural communities in Iraq have freshwater
scarcity. These areas suffer from conventional water
treatment to treat seasonal variations in turbidity.
Moreover, residents lack the expertise to remediate
water quality using alum coagulants. Failure to use
the alum dosage might cause Alzheimer’s disease.
The use of MOSE is developed and expected to pro-
vide more advantages and is reported as low cost and
safe to be consumed.

The research aims to utilize a safe and easy appli-
cation of a low-cost natural coagulant of MOSE as
a replacement for alum coagulant to evaluate and
improve the water quality the residents in rural com-
munities use for drinking water. The research focuses
on the detailed dosage knowledge to treat various
raw turbid water entering the areas. The study also
gives clear instructions on how the dosages of MOSE
(oiled and de-oiled) can neutralize and destabilize the
suspension charge of turbid water and make water
suitable for a drink.

2 Methodology
2.1 Water sample Preparation

Raw water turbidity samples ranging from 5-300
NTU were prepared using an ordinary China kaolin
clay powder obtained from Chemical Drug House. A
weight of 10 g of kaolin powder was suspended in a
liter of tap water using a magnetic stirrer for half an
hour to attain a homogenous raw sample. The kaolin
suspension was allowed to settle down for more than
an hour. Only supernatant is used for the coagulation
experiments. Thus, colloidal particles are observed in
water and used as a stock solution to prepare desir-
able turbid water samples after dilution practice. Pre-
pared turbid water was kept and filled into clean 1.5-L
polyethylene terephthalate bottles, and its turbidity
was measured before coagulant addition.

2.2 Physiochemical Measurements of M. oleifera
Coagulant

This research was carried out at the beginning of June
month of 2021. The dried M. oleifera pods were col-
lected from the Bakrajo agriculture field in Sulay-
maniyah, Iraq (35°33'02.5” N 45°20'27.1" E). The
coats and wings were removed and then crushed to a
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fine powder using a crusher and then sieved through
a 250-pm sieve. To make the MOSE solution, 2 g of
the seed was weighed and dissolved in 200 ml of dis-
tilled water in a beaker, followed by an hour of stir-
ring and filtering through Whatman filter paper No.
42. To make de-oiled MOSE, 2 g of powdered seed
was combined with 100 ml of 70% n-hexane as an
extract solvent for 40 min. Subsequent separation of
the residue from the supernatant occurred by centri-
fuging for 45 min at 4000 rpm. The supernatant was
discarded, and the residual solid was dried at room
temperature. From the dried sample, 2 g was mixed
with 200 ml of distilled water. The suspensions were
stirred for 40 min. The supernatant was filtrated
through Whatman filter No. 1 after leaving the mix-
ture to sediment totally. The filtrate was considered
the de-oiled extract.

2.3 Coagulation Experiments
The experimental tests were implemented using a
jar test apparatus coupled with six paddles (Model/

Wagtech project, EN/ 15-810, Code/ F105AD109), as
shown in Fig. 1. The beakers were well-washed and

% Performance efficiency =

Initial turbidity(NTU) — Residual turbidity(NTU) .

filled with a 1000-ml raw water sample after know-
ing its initial turbidity. The temperature of the water
samples was 30+2 °C. Different dosages 5-240 mg.
L~! of the extract was used for low, medium, and high
typical initial turbid samples to obtain the optimum
dosage required for turbidity removal. The jar appara-
tus underwent rapid mixing with the speed of 110 rpm
for 1.5 min and then a slow mixing speed of 25 rpm
for 25 min. Later, the suspensions were left for 30 min
to settle down the floc formations in the beakers. The
supernatants in beakers were collected for turbidity
measurements from 20 cm beneath the water surface
in each beaker using a pipette. The turbidity of water
samples was measured as Nephelometric Turbidity
Units NTU using the turbidimeter (Hanna turbidity
meter HI93703). Each experiment run was performed
twice to ensure the results’ accuracy.

The value of pH, electrical conductivity, alkalinity,
and hardness before and after treatment was meas-
ured. Figure 2 illustrates the process steps of coagu-
lation for treating raw water samples with turbidity
100 NTU. The performance efficiency removal of
MOSE coagulant was determined using the following
equation:

Initial turbidity(NTU)

100 1)

Equation (1) does not take into account the
decrease of turbidity in the negative control. The
natural sedimentation of synthetic turbid samples in
the absence of MOSE for 60 min was examined to

Fig. 1 Jar test—coagu-
lation and flocculation
process for surface water
turbid

show the natural settlement of colloidal particles in
tap water and the main residual turbidity in the super-
natant. One liter volume of synthetic initial turbidity
samples of 5, 10, 15, 30, 50, 70, 100, 200, and 300
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Fig. 2 A Raw water sample
with initial turbidity of 100
NTU with 110 mg. L™! of
MOSE. B Aggregation of
particles in flocculation
step. C Settlement of flocs
after 25 min. D dried solid
flocs

NTU was placed individually in a beaker. The water
samples were allowed to settle down for 60 min. Sam-
ples were collected each 10 min from the surface of
the water in the beakers to measure turbidity. There-
fore, the natural sedimentation of kaolin colloidal
particles should be deducted from the actual perfor-
mance efficiency computed from Eq. (1) as shown
below in Eq. (2):

Performance efficiency =

(Initial wrbidity(NTU) — Residual wrbidity (NTU)

when colloidal particles become destabilized
and agglomerate to a diameter greater than 1 um
(Ghernaout et al., 2015). The colloidal removal
kinetic models were studied to examine and
explain the flocculation mechanisms between the
kaolin suspension and the component of MOSE.
Kinetic studies were conducted to determine the
removal rates and contact periods required to

Initial turbidity(NTU)

— natural sedimentation] % 100 )

2.4 Floc Formation Kinetics
The Brownian motion of colloidal particles man-

ages the process of coagulation at an early stage
(Ricordel & Djelal, 2014). The motion weakens
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complete the coagulation process (Mohtar et al.,
2019). The ability of M. oleifera to reduce the tur-
bidity of the water sample is due to their coagu-
lation, such as adsorption and neutralization of
the positive charges with colloidal particles in the
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water (Tunggolou & Payus, 2017). Therefore, the
colloidal particle adsorption of M. oleifera com-
ponents U was then calculated using the following
equation (Desta & Bote, 2021):

v(c,-C,)
y= o= 3)
w
where C, and C, represent the initial and final con-
centration of colloidal particles in a water sample, V
represents the volume of the suspension sample, and
W indicates the MOSE dosage.

2.4.1 Pseudo-First-Order Kinetic Model

Lagergren’s first-order expression describes the
kinetic aggregation of colloidal particles with the
component of MOSE coagulant. The approach is
represented by the equation below (Mateus et al.,
2018)

Kt
2303

log(U, - U,) =log(U,) 4)
where Ut (mg/g) is the floc formation with MOSE
component at time ¢ (min) and Ue (mg/g) is the equi-
librium colloidal particle aggregated with positive
ions in MOSE. The pseudo-first-order rate constant
is k1 (min~') (Bekhoukh et al., 2022). A plotting
chart of log (Ue — U¥) versus ¢ can yield the gradient
(k1/2.303) and intercept (log Ue). Finally, the equi-
librium colloidal particle uptake (Ue) and first-order
kinetic constant (k1) could be determined.

2.4.2 Model of Pseudo-Second-Order Kinetics

The following equation represents the pseudo-
second-order approach. The driving force for
transferring colloidal particles (Ue — Ut) is pro-
portional to the availability of positive ions in
the added dosage of MOSE into the water sample
(Bello et al., 2017)

(L S
U, kU? U, )
where k, is the second-order rate constant in (L.

mg~!-min~"). Slope (1/U,) and intercept 1/(k, U,?) are
found from the relationship between t/U, versus .

2.5 FTIR Analysis

FTIR characterization was crucial to identify the
effective main functional groups; present in the M.
oleifera seeds that contribute to attracting the colloi-
dal particles in the bulk solution. Seed powders were
dried well in an oven set at 50 °C for 2 h. The dried
seed was named and delivered to a chemical labora-
tory for FTIR examination.

2.6 Statistical Analysis

Design expert software (Version 13, Stat-Ease Inc.,
Minneapolis, USA) was used for the experimental
design and analysis of the results. The significance of
p<0.05 was considered in all statistical analyses. The
significance of ANOVA was used to verify the fitness
of the regression model equation. Response surface
methodology (RSM) was also applied to determine
the effects of the MOSE concentration and initial tur-
bidity variables on the turbidity removal efficiency.

3 Results and Discussion

The characteristics of the tap water used in the exper-
iments are analyzed in the laboratory using the stand-
ard method (Federation and Association, 2005) and
listed in Table 1.

Table 1 Tap water quality characteristics used for water
experiments

No Parameter Concentration
1 pH 7.66
2 Turbidity (NTU) 0.46
3 Alkalinity (mg. L") 186
4 Chloride, CI~ (mg. L") 22.1
5 Nitrate, NO,~ (mg. L™} 3

6 Sulfate, SO, 72, (mg. L™} 11.84
7 Iron, Fe, (mg. L") 0.0

8 Calcium, Ca*? (mg. L™ 56.37
9 Magnesium, Mg*™? (mg. L™ 29.5
10 Sodium, Na*(mg. L™") 5.53
11 Conductivity (uS. cm™) 320
12 Potassium, K* (mg. L") 0.94
13 Dissolved oxygen (mg. L) 5.12
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Table 2 The main physical properties of MOSE

Properties MOSE extract
Appearance Clear yellow
Turbidity (NTU) 22

Electrical Conductivity (uS.cm™") 795

Specific gravity 0.98
Viscosity (m. Pa/s) 1.086

pH 5.96
Alkalinity (mg. L™! as CaCO,) 28

Table 3 Chemical composition of M. oleifera seed powder

Compounds Weight % Elements Weight %
SO, 6.214 Cu 0.00106
P,05 1.643 Zn 0.00545
K,0 0.9871 Ni 0.00073
MgO 0.5613 Mn 0.00192
CaO 0.2542 Cr 0.00022
Na,O 0.157 Co 0.00005
AL 04 0.1076 Se 0.00015
Fe,0; 0.03088  Ti 0.00102
Cl 0.02729 \Y% 0.00018
Sio, <0.0016 Br 0.000286

The main physical properties of the prepared
MOSE were tested in the laboratory, as shown in
Table 2. To identify the chemical composition that
formulated the solid seed coagulant structure, the
XRF (X-ray fluorescence, Spectro I1Q11/Ametek,
materials analysis division/Germany) technique scan
was used (Mohseni-Bandpei et al., 2018). The results
illustrated in Table 3 show that the chemical oxides of
S0;, P,04, K,0, MgO, CaO, Na,O, and Al,O; hold
the highest percentages (6.214%, 1.643%, 0.9871%,
0.5613%, 0.2542%, 0.157%, and 0.1076%) respec-
tively per 5 g of the seed powder. These functional
chemicals give better attraction properties for enhanc-
ing the destabilization of colloidal particles from bulk
liquid.

Table 3 shows the characteristics of the MOSE
coagulant examined by the XRF technique confirming
that MOSE is rich with numerous positive multiva-
lent ions. The coagulant has the potential capability to
destabilize the particles in turbid water through inter-
particle bridging. This improves the treatability per-
formance by increasing the agglomeration capacity

@ Springer
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Fig. 3 Natural sedimentation (no coagulant added) of colloi-
dal particles of kaolin in tap water for low, medium, and high
initial turbidity

of floc production during the procedures (Faye et al.,
2017; Ribeiro et al., 2019).

Figure 3 illustrates that the settling velocity of col-
loidal particles was slow in the absence of a MOSE
coagulant. As a consequence, removing turbidity
from water is exceptionally difficult and could not
achieve the treatment goals. Because of the presence
of ions in the tap water quality, the colloidal settle-
ment was consistent with the compression layer set-
tling. An optimum dose of MOSE should be applied
to destabilize and neutralize the negative charge of
particles causing floc formations to improve the par-
ticle settling rate. Thus, acceptable turbidity removal
could be achieved.

The coagulation efficiency of MOSE for remov-
ing colloidal particles varies depending on the initial
turbidity of water and the concentration of the added
coagulant extract, as shown in Tables 4, 5, and 6. The
performance efficiency of colloidal particles in the
three tables was evaluated by considering the decrease
in turbidity in the negative control. The investiga-
tion showed that the optimum dose for each turbidity
range was essential because an overdose of the extract
reduced the treatability performance and negatively
affected the coagulation treatment process (Zhao
et al., 2021). This caused a low reduction in colloidal
removal due to the reversed net charge on the sus-
pended solid particles in water (Nkalane et al., 2019).
Furthermore, this overdosing resulted in the satura-
tion of the polymer bridge sites and caused the re-sta-
bilization of the particles due to insufficient particles
to form more interparticle bridges (Muyibi & Evison,
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Table 4 The effect of variation of MOSE dosages on low water turbid removal efficiency at 30 °C

Initial turbidity SNTU Initial turbidity 10 NTU Initial turbidity 15 NTU

pH before treatment 8.5 pH before treatment 8.5 pH before treatment 8.5

PH after treatment 8.4 pH after treatment 8.3 pH after treatment 8.3

Dosage  Residual Removal effi- Dosage  Residual Removal effi- Dosage  Residual Removal

(mg. L™ turbidity ciency (%) (mg. L™ turbidity ciency (%) (mg. L™Y) turbidity efficiency
(NTU) (NTU) (NTU) (%)

5 43+0.15 11.6+0.47 10 6.5+0.25 19.7+0.35 20 8.5+0.13 27.07+0.55

10 4.2+0.10 13.2+0.32 20 6.2+0.20 22.6+0.47 30 8.6+0.18 25.87+0.48

15 4.1+0.20 14.2+0.20 30 59+0.15 25.0+0.34 40 8.2+0.11 29.07+0.36

20 4.1+0.25 15.0+0.13 40 5.9+0.10 252+0.17 50 6.9+0.20 37.53+0.51

25 43+035 11.0+0.16 50 5.8+0.20 27.2+0.34 60 6.2+0.15 42.33+0.41

30 4.4+0.30 9.8+0.42 60 5.9+0.22 25.6+0.51 70 6.3+0.23 41.27+0.30

Table 5 The effect of variation of MOSE dosages on medium water turbid removal efficiency at 30 °C

Initial turbidity 30 NTU Initial turbidity 50 NTU Initial turbidity 70 NTU

pH before treatment 8.5 pH before treatment 8.5 pH before treatment 8.5

pH after treatment 8.4 pH after treatment 8.3 pH after treatment 8.3

Dosage  Residual Removal effi- Dosage  Residual Removal effi- Dosage  Residual Removal

(mg. L™ turbidity ciency (%) (mg. L™ turbidity ciency (%) (mg. L™") turbidity efficiency
(NTU) (NTU) (NTU) (%)

10 22.2+0.73 10.70+0.87 20 20.3+093  45.86+0.68 40 9.7+0.54 73.82+0.92

15 19.8+098  18.70+0.58 30 18.4+0.65  49.66+0.35 50 6.8+0.48 78.00+0.77

20 152+045  34.03+0.81 40 164+0.20  53.66+0.95 60 6.5+0.07 78.30+0.66

30 12.6+0.39  42.07+0.64 50 144+0.60  57.66+0.66 70 6.3+0.05 78.07+0.24

40 42+0.40 64.03+0.91 60 44+045 67.26+0.41 80 3.8+0.20 79.66+0.51

50 6.6+0.22 62.83+0.32 70 12.1+0.27  62.26+0.61 90 9.6+0.30 73.87+0.55

Table 6 The effect of variation of MOSE dosages on high water turbid removal efficiency at 30 °C

Initial turbidity 100 NTU Initial turbidity 200 NTU Initial turbidity 300 NTU

pH before treatment 8.5 pH before treatment 8.5 pH before treatment 8.5

PH after treatment 8.4 pH after treatment 8.3 pH after treatment 8.3

Dosage  Residual Removal effi- Dosage  Residual Removal effi- Dosage  Residual Removal

(mg. L™ turbidity ciency (%) (mg.L™") turbidity ciency (%) (mg. L™") turbidity efficiency
(NTU) (NTU) (NTU) (%)

80 6.3+0.92 81.95+0.79 180 9.5+0.41 84.4+0.97 190 32.7+0.81 85.61+0.89

90 5.6+0.15 82.68+0.12 190 6.3+0.57 86.0+0.83 200 262+0.67  86.73+0.59

100 5.1+0.25 83.14+0.45 200 4.0+0.33 87.1+0.33 210 9.1+0.10 88.78+£0.22

110 4.7+0.39 83.53+0.71 210 6.7+0.37 85.8+0.79 220 10.7+0.13  88.25+0.16

120 5.6+0.10 82.61+0.18 220 8.5+0.56 85.0+0.34 230 8.1+0.12 89.14+0.56

130 7.6+0.53 80.69+0.85 230 134+042  824+0.58 240 12.6+0.30  87.62+0.94
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1996). Therefore, these three tables’ results confirmed
that increasing the coagulant dosage enhances treat-
ability performance until agglomeration saturation is
reached, whereby the performance starts to decline
or stabilize. It was also demonstrated that tap water’s
ionic composition greatly impacted the sorption of
MOSE by colloidal particles or the configuration of
the coagulant at the particle-water interface. Optimum
doses of MOSE were investigated for different initial
turbidity to give minimum residual turbidity. Tables 4,
5, and 6 illustrate that the optimum dose concentra-
tion of MOSE to reduce the initial turbidity of water
samples 5, 10, 15, 30, 50, 70, 100, 200, and 300 NTU
were 20, 50, 60, 40, 60, 80, 110, 200, and 230 mg. L™
respectively with p<0.05. As the initial turbidity of
the water sample was increased, the required optimum
dosage of MOSE also increased. The results of the
effect of the initial turbidity on the turbidity reduction
by MOSE are shown in Fig. 4. It was also observed
that MOSE coagulant showed an exceptional perfor-
mance efficiency reaching 89% +0.56, 80% +0.51, and
42%+0.41 for high, medium, and low initial turbid-
ity of water samples, respectively. This confirmed the
removal efficiency of water turbidity samples with M.
oleifera coagulant is increased when water comes with
dense suspended particles. However, its effectiveness
declines with low turbid water. The reason is that the
amount of oil in the seed extract forms a film coating
that inhibits contact with the surface of the reaction
and thus causes the formation of low-strength flocs
(Muyibi et al., 2002).

All the experimental results in Tables 4, 5, and 6
revealed that the optimum dosage of M. oleifera seeds

3
(=]

®©
(=]

=
(=]

Reduction Turbidity (%)
[ R T N Y
c & & &5 38 3

(=1

0 50 100 150 200 250 300
Initial Turbidity (NTU)

Fig. 4 Turbidity reduction efficiency of MOSE for different
initial turbidity of water at optimum dosage
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that gave the lowest residual turbidity depended on
the water sample’s initial turbidity. Furthermore, when
MOSE concentration exceeds the optimum dosage,
the turbidity of water increases because all colloids
have been neutralized and settled down with an opti-
mum dosage. Thus, the excess coagulants cause turbid-
ity in the water as they do not interact with oppositely
charged colloidal particles (Shaarani et al., 2019).

The variables affecting the coagulation process
were analyzed using response surface methodology
(RSM). The variation of processing factor of both
initial water turbidity and added MOSE concentra-
tion on turbidity reduction was investigated. Fifty-four
experiment runs were generated using central compos-
ite design (CCD) during the analysis through Design-
Expert software. The method of coding the variables
of initial turbidity X, and MOSE dosage concentration
X, was identified as reported in Table 7.

In the study, the removal efficiency response of
MOSE Y after the coagulation process was correlated
with both independent variables of X; and X, in a
quadratic regression model, as presented in Eq. 6. The
significance of these two variables on the removal
efficiency was evaluated, as shown in Table 8. It is
noted that the X, and X, indicate the linear coefficient
and effect of individual factor separately, whereas the
variable X, X, represent the interaction between those
two factors, while the second-order terms X12 and
X,? indicate their quadratic effects. The positive and
negative signs indicate synergistic and antagonistic
effects of the terms, respectively. The ANOVA result
analysis in Table 8 shows that the regression model
was significant, with an F-value of 99.26 and having a
corresponding low p-value (p <0.0001). The value of
determination coefficient R* of 0.9118 was achieved
for the regression equation model which revealed a
good fit for the experimental resulted data.

Y = 6.57675 + 0.404573X, + 0.047671X,

+1.395 % 107X, X, — 1.313 5 107°X7 — 2.12 % 107X} ©)
Table 7 Experimental factor codes and levels

Variables Symbol Coded Variable levels

-1 0 +1

Initial turbidity (NTU) X, 5 1525 300

MOSE dosage (mg.L™)) X, 5 1225 240
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Table 8 ANOVA test for

. Source DF Sum of squares Mean square F-Value P-Value
response surface quadratic
model Model 5 61,134.7 12,226.94 99.26 <0.0001
X, (NTU) 1 20,792.5 20,792.5 168.79 <0.0001
X, (mg. LY 1 12,609.96 12,609.96 102.36 <0.0001
X, *X, 1 14,032.14 14,032.14 11391 <0.0001
X))? 1 14,174.76 14,174.76 115.07 <0.0001
(X,)? 1 14,829.89 14,829.89 120.39 <0.0001
Residual 48 5912.98 123.19
Lack of fit 3 5912.98 1970.99
Pure error 45 0.0000 0.0000
Cor total 53 67,047.67 R? 09118
Std. dev 11.1 Adjusted R? 0.9026
Mean 52.86 Predicted R* 0.8892
CV.% 21 Ad. Precision 27.067
Fig. 5 Actual and predicted
value plot for the turbidity 120 —
removal efficiency of water
samples >
O
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The low values of residual in Table 8 showed that
the model fit was satisfactory, implying that approx-
imately 90% of the dependent variable variance was
ascribed to the independent factors and only around

10% of the overall variation could not be explained
by the model. Furthermore, it is clear in the Table
that the lack-of-fit term is not significant, the differ-
ence between adjusted and predicted R? is less than
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0.2, and the adequate signal-to-noise ratio is greater
than 4 indicating that the model is significant. As
a result, the developed model can be used to make
theoretical predictions for the dependent variable of
removal efficiency.

Figure 5 shows the correlation between the
observed and predicted values obtained from the soft-
ware. The figure also illustrates the residual typical
plot, which reveals that the model has a few devia-
tions from normal, suggesting a good fit. The figure
clearly shows that all data points are distributed and
very close along the 45-degree straight line, imply-
ing that the proposed quadratic model can positively
predict removal efficiency response over independent
variable inputs.

Figure 6 illustrates a design expert surface plot
exhibiting initial turbidity and MOSE dosage inter-
action effects on water turbidity decrease. The figure
shows that initial water turbidity and MOSE concen-
tration significantly impact the percentage removal
rate of colloidal particles in water samples. In low-
range turbidity, the dosage of MOSE is not poten-
tially effective to achieve high removal efficiency. The
figure also shows that over-dosing MOSE on low-
range turbidity samples results in a lower reduction

Fig. 6 Design expert
surface plot showing the
interaction effects of both
initial turbidity and MOSE
dosage on the reduction of
water turbidity

120
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20
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240
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@ Springer

in removal rate due to the reversed net charge on the
colloidal particles in water. Consequently, the excess
dose has a negative impact on the coagulation treat-
ment process, resulting in a poor reduction of col-
loidal removal. However, a steep increase in removal
efficiency was noticed when the high initial turbidity
of samples was treated with an adequate dosage of
MOSE.

To improve coagulation, and achieve more effi-
cient removal for low turbidity water, bioactive ele-
ments such as seed oil content were isolated and the
active constituents of the extract were used (Vilaseca
et al., 2014) as the results are shown in Table 9. The
residual turbidity of water in this investigation can be
further reduced if water flows through a filtration unit
like a sand filter, it is easy for the community in rural
areas to build such a filter unit. In the experiment
tests, MOSE has been found as a potential clarifying
agent in water treatment to neutralize and adsorb sus-
pended particles present in the water.

In the experiment runs, no pH adjustment was
carried out for the prepared initial samples as with
MO coagulant there is no possibility of enhanced
hydrophilicity as well as a reduction in the charge
neutralization of the water molecules. This affirmed
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Table 9 The effect of de-oiled MOSE dosages on low water turbid removal efficiency at 30 °C

Initial turbidity 5SNTU Initial turbidity 10 NTU Initial turbidity 15 NTU
pH before treatment 8.5 pH before treatment 8.5 pH before treatment 8.5
PH after treatment 8.4 pH after treatment 8.3 pH after treatment 8.3
Dosage Residual Removal Dosage (mg. Residual Removal Dosage (mg. Residual turbidity Removal
(mg.L7")  turbidity efficiency L™ turbidity efficiency L™ (NTU) efficiency
(NTU) (%) (NTU) (%) (%)

10 1.63+0.10 64.4+035 15 1.85+035 66.0+0.24 20 2.13+0.22 69.2+0.24
15 145+0.25 68.0+032 20 1.72+031 67.5+0.12 25 1.78+0.24 71.5+0.35
20 1.26+0.20 71.8+0.15 25 142+0.25 70.5+0.25 30 1.49+0.35 73.5+0.12
25 1.06+0.35 75.8+0.11 30 1.23+0.20 72.4+0.10 35 1.27+0.15 75.0+0.10
30 1.18+0.35 73.4+0.10 35 1.51+0.10 69.6+0.10 40 1.24+0.16 75.1+0.15
35 1.27+0.12 71.6+0.21 40 1.59+0.10 68.8+0.16 45 1.31+0.10 74.7+0.20
coalescing ability and electrostatic attraction between 200 ¢
water and MOSE coagulant. Therefore, the treat- 175 4
ability performance of the MOSE coagulant was 2 150 |
not dependent on the pH value of the water solution ? 125 —E—10NTU
(Shan et al., 2017). Tables 4, 5, 6, and 7 illustrate that 2 o
the water solutions’ pH value before and after the f 1001
experiments was quite stable. A similar result was ;é 75 1
obtained by Nhut et al. (2021). &2 50

In the investigation, it was observed that turbidity 25

reduction with the application of MOSE improves
agglomeration performance. The growth of flocs and
agglomeration in the flocculation part was promoted,
increasing the removal of colloidal matter in water.
This is attributed to an enhancement in the floc size,
with the performance of the coagulant in turbidity
removal causing the rapid settling ability of the flocs
due to coalescing of the colloids formed in suspension
(Adelodun et al., 2020). Thus, the extent of aggrega-
tion and flocculation dynamics of colloidal particles
in the experiments were observed shortly after the
addition of the coagulants, whereby the destabilized
particles aggregated to form larger flocs.

To understand the coagulation-flocculation kinet-
ics, the extent of aggregation was monitored. This was
carried out by investigating the effect of sedimenta-
tion time 45 min at a dosage of 50 mg. L™'—10 NTU,
60 mg. L™'—50 NTU, 210 mg. L™'—200 NTU. It
was noticed that the concentration of colloidal solids
decreased as the time of treatment increased. Figure 7
reveals that the optimum settling time to achieve tur-
bidity removal efficiency for each run in the experi-
mental tests was 30 min. This duration time for set-
tling the floc formations is convenient and desirable

0 5 10 15 20 25 30 35 40 45

Time (min.)

Fig. 7 Turbidity-time decay curves for three different initial
turbidities of water at a convenient dosage of MOSE

due to the energy and time savings. Furthermore, a
real clarification in water was noticed due to the activ-
ity of the extract with an increase in the settling time
specifically at the beginning of the process.

The data for water turbidity reduction with
respect to time for three ranges 10, 50, 200)NTU
was fitted to kinetic Eqs. 4 and 5 to illustrate the
best kinetic model in the removal of colloidal par-
ticles in water to form flocs as shown in Fig. 8. The
resulting data were best fitted to a pseudo-first-
order kinetic model with a high determinant coef-
ficient, as shown in Table 10. A similar result was
obtained by Ruelas-Leyva et al. (2017). The colloi-
dal removal rate in the reaction kinetic is based on
numerous internal and external factors such as dos-
age, and the characteristics of the water itself (Pre-
cious Sibiya et al., 2021). As the reaction proceeds,
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Fig. 8 Fitting kinetic experimental data of three different raw
water with models of a pseudo first order and b pseudo second
order

particles adhere themselves to both chemical and
physical binding sites. The reaction lasts until the
free sites are completely saturated, with rapid set-
tling at first.

Some physicochemical parameters for raw turbid
water 100 NTU were measured before and after treat-
ment with an optimum dosage of MOSE to reveal the
extent of variation of water characteristics when treated

with MOSE coagulant. The experimental results and
ANOVA statistical analysis as shown in Tables 11
and 12 demonstrated that the treatment of water with
crude MOSE showed little change in pH, electrical
conductivity, and salinity. However, the alkalinity and
hardness of water significantly decreased depending
on the initial hardness and the added MOSE dosage
(»<0.05). This result was consistent with what was
found by Muyibi and Evison (1996).

Colloidal particle aggregation in turbid water is
mainly based on the surface chemistry of MOSE
(Araujo et al., 2010). Transmission FTIR spec-
tra for the Moringa oleifera solid particle were
obtained for identifying the effective surface func-
tional groups as depicted in Fig. 9. The detected
bands of 2856, 2926, and 3288 cm™! are assigned
to —OH stretching (Ogunmodede et al., 2021).
The broad band centered at 3420 cm™" is assigned
to O-H stretching. The FTIR spectra of the seed
showed a broad range of frequency approximately
between 1666-2856 cm™' and 3288-4000 repre-
senting the existence of free hydroxyl groups and
bonded —OH bands of carboxylic acids. The sharp
bending modes at peaks of 1666, 1542, 1239, and
1058 cm™! are assigned to vibrations of groups.
This functional group appears predominantly
in the protein and fatty acid structures present
in Moringa seeds. The peaks at 2923 cm™! and
2852 cm™! are assigned to symmetrical and asym-
metrical stretching of the C-H of CH, group pre-
sent in fatty acids (Kizilkaya & Tekinay, 2014). In
the region between 1666 and 1058 cm™!, there are
intense bands assigned to C=0 bond stretching.
The spectra show the band at 1666 cm™! associ-
ated with the amide group in the protein and the
presence of a peak at 1542 cm™! is assigned to
C=N stretching and/or N-H deformation (Kizil-
kaya & Tekinay, 2014).

Table 10 Kinetic model

Models Parameter 10 NTU 50 NTU 200 NTU
parameters for water
samples treated with MOSE Pseudo-first order K, (min™") 0.045 0.0596 0.0522
at30°C U, 132 713.02 876
R2 0.9564 0.9844 0.9988
Pseudo-second order K, (L.mg_lvmin_l) 8.77E-04 1.463E-04 1.22E-04
U, 123.46 714.29 909.1
R? 0.8993 0.9040 0.9119
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Table 11 Some physicochemical parameters at optimum dosage of MOSE for raw turbid water 100 NTU

No  Parameters Unit Untreated water ~ Results
90 100 110 120 130
(mg.L™)  (mg.L™) (mgL") (mg.L™") (mg.L™
1 Turbidity NUT 100 5.57 5.11 4.72 5.64 7.56
2 Temperature  °C 32 32 32 32 32 32
3 pH 7.5 7.4 7.5 7.4 7.4 7.5
4 E.C uS/cm 420 421 423 424 426 427
5 Salinity (mg. L™ 268.8 270.08 2723 273.4 275.6 276.31
6 Alkalinity (mg. L") as CaCO;  230.21 226.11 220.12 216.00 213.02 208.13
7 Hardness (mg. LY as CaCO; 220 220.8 214 211 208 206.76
Tabl.e 12 A.NOVA test.for Properties  Source = Sum of squares  Mean square ~ F-Value  P-Value
physiochemical properties
of turbid water 100 NTU pH X, 9.5 E-03 9.5 E-03 0.19 0702  Not significant
coagulated with MOSE X, 1.22 E-03 1.22 E-03 025 0.667  Not significant
E.C X, 3.47 3.47 10.06  0.087 Not significant
X, 3.38 3.38 9.81  0.089 Not significant
Salinity X, 10.59 10.59 0.71  0.488 Not significant
X, 230.6 230.6 15.5 0.059 Not significant
Alkalinity X 4.815 4.815 20.57  0.045 Significant
X, 277.97 277.97 1187.23  0.001 Significant
Hardness X 144 144 19.29  0.048 Significant
X, 110.89 110.89 148.56  0.007 Significant
Fig. 9 FT-IR spectrum of 60 A

Moringa oleifera seeds, the
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4 Conclusions technique to use its extract, and unskilled per-

sons can easily and effectively employ this natural
The M. oleifera plant has a rapid growth rate material without facing problems. Therefore, the
with less duration time in rural areas, a simple coagulant of MOSE is locally available in large

@ Springer



250 Page 140f 16

Water Air Soil Pollut (2023) 234:250

volumes and is feasibly economical. The results
strongly supported the efficacy of M. oleifera as a
better alternative to synthetic coagulants in water
purification. The optimum MOSE dosage for the
coagulation-flocculation process varies based on
the initial water turbidity. Therefore, the high tur-
bidity removal achieved in this study confirmed
the potential of this important eco-friendly natural
product potential for safely treating water in rural
regions.
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