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Abstract Several coagulants/flocculants have been
studied in order to remove the color and turbidity of
raw water, employing natural ones demonstrated
advantages in relation to chemicals. Moringa oleifera
Lam is a natural polymer that has been gaining
prominence in water treatment. It acts as a clarifying
agent, providing a cationic protein that destabilizes
the particles contained in a liquid medium. The main
objective of the present work is to study the efficiency
in terms of removing color and turbidity of raw water
in order to obtain drinking water. For this purpose,
different coagulant solutions were obtained utilizing
three solutions of KCIl in different concentrations
(0.01, 0.1, and 1 M) and pure water combined with
M. oleifera Lam seed. Each coagulant solution
obtained was studied with concentrations ranging
from 50 to 600 ppm of Moringa in solution. The pH
was varied (4.0, 6.0, and 8.0) with 25% and 50%
sodium hydroxide solution (NaOH) and hydrochloric
acid (HCI), respectively. The tests were conducted
with the “Jar Test Device” and the efficiency of the
process was evaluated regarding the reduction of
color and turbidity. The best results were found
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employing the coagulant solutions extracted with
1 M salt solution, pH 8.0, and different concentrations
of coagulant solution. It is important to explain that
the best results were in various concentration ranges,
as the concentration of protein in solution becomes
higher, the greater is its power as a coagulant. The
lowest content of protein was found in the solution
extracted with water, which consequently had the
lowest values of color and turbidity removal.
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1 Introduction

In order to control the quality of water, it is necessary
to track various indicators. Nowadays, the concern
about contamination of aquatic environments has
increased, especially when water is used for human
consumption. Thus, there is great importance in either
the development of more sophisticated treatments or
the improvement of the current ones. Turbidity and
color removal is one of the most important steps in a
water treatment process, which is generally achieved
using coagulants. Many coagulants are widely used in
conventional water treatment processes, based on
their chemical characteristics. These coagulants are
classified into inorganic, synthetic organic polymers,
and natural coagulants.
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Alum has been the most widely used coagulant
because of its proven performance, cost effectiveness,
relative easy handling, and availability. Recently,
much attention has been drawn on the extensive use
of alum. According to Driscoll and Letterman (1995),
the utilization of alum has raised a public health
concern because of the large amount of sludge pro-
duced during the treatment and the high level of alu-
minum that remains in the treated water. McLachlan
(1995) discovered that the intake of large quantity of
alum salt may cause Alzheimer disease.

For these reasons, and also due to others advan-
tages of natural coagulants/flocculants over chem-
icals, some countries such as Japan, China, India, and
the United States have adopted the use of natural
polymers in the treatment of surface water for the
production of drinking water (Kawamura 1991).

The application of natural materials for clarifying
turbid waters of rivers is an ancient and home-based
practice in tropical developing countries where these
natural materials act as primary coagulants. One
example of these coagulants is the seed of the tropical
tree Moringa oleifera (MO), which contains active
agents with excellent activity and coagulating prop-
erties. The extract of the seeds has been mentioned for
drastically reducing the amount of sludge and bacteria
in sewage (Muyibi and Evison 1995).

M. oleifera is a tropical plant belonging to the
family Moringaceae (Katayon et al. 2006), a single
family of shrubs with 14 known species. MO is native
of India but is now found throughout the tropics
(Bhatia et al. 2007). It is a non-toxic natural organic
polymer. The MO tree is generally known in the
developing world as a vegetable, a medicinal plant,
and a source of vegetable oil (Katayon et al. 2000).
MO is drought-tolerant and has nutritional, medicinal,
and water-cleaning attributes. Its leaves, flowers,
fruits, and roots are used locally as food ingredients.
The medicinal and therapeutic properties of MO have
led to its utilization as a cure for different ailments
and diseases, physiological disorders, and in Eastern
allopathic medicine (Akhtar et al. 2007). Additionally,
the coagulant is obtained at extremely low or zero net
cost (Ghebremichael et al. 2005).

If MO is proven to be active, safe, and inexpen-
sive, it is possible to use it widely with drinking water
and wastewater treatment. Besides, MO may yet have
financial advantages bringing more economic benefits
for the developing countries (Okuda et al. 1999).
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Nkurunziza et al. (2009) reported that the use of
MO as a coagulant in water treatment could be
applied both at household and industrial scale. As
MO is more effective at high turbidity, its use at large
scale could be particularly more beneficial during
rainy season when water is at its highest turbidity
level and the water treatment plants are often forced
to close.

Vieira et al. (2009) reported the potential use of
MO seeds as a natural adsorbent for the treatment of
dairy industry wastewater (DIW) with low cost. The
efficiencies of removal obtained were of up to 98%,
for both color and turbidity, these results were reached
using 0.2 g MO and 0.2 L of 1.0 g/L sorbate solu-
tion (DIW). The results showed that MO seed keeps
its adsorption power under a pH range between 5.0
and 8.0.

Okuda et al. (1999) compared the coagulation
efficiency of two different methods. In the first one,
salt solution (1 M NaCl) extraction was employed
while water extraction was used in the second, which
is the conventional method. The former was found to
be more efficient. They observed yet no difference in
the coagulation for extracts using any one of the four
1:1 salts (NaCl, KNO3, KCI, and NaNO3).

In the aforementioned context, the present work
aims at studying how efficient the removal of color
and turbidity is by means of using different seed
extracts of M. oleifera Lam as a natural coagulant in
the process of producing drinking water.

2 Materials and Methods

The superficial water used in the tests was collected at
the same point of the capitation of the water-
supplying company of the city of Maringa, Parana,
Brazil, in the basin of the river Pirapd.

The raw water was characterized in terms of
chemical and physical parameters after its collection
and before the coagulation/flocculation/sedimentation
tests. The parameters evaluated were: color and
turbidity (HACH DR/2010 spectrophotometer), com-
pounds with absorption in UV-254 nm (LS Logen
Scientific, Alpax spectrophotometer), iron concentra-
tion, total dissolved solids, and total suspended solids
(APHA 1995).

Although the water samples were stored at 4°C,
they were brought to room temperature (23-25°C)
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prior to jar testing. The water temperature was kept
constant in all tests because otherwise it could
significantly influence the water viscosity.

The coagulant solution was prepared using four
different extractions as coagulant, which were ob-
tained through extraction with water and KCl solution
in three molar concentrations, 0.01, 0.1, and 1 M. The
salt and molarity were obtained from data found in
literature (Okuda et al. 1999; Nkurunziza et al. 2009).

The coagulant solution of M. oleifera Lam was
made ready in the day of testing by grinding 1 g of
seed pulp and 100 mL of water or saline solution in
the blender. After that, the solution is agitated for
30 min and vacuum filtered.

We used concentrations of the extract of M.
oleifera Lam 50, 100, 150, 200, 250, 300, 350, 400,
450, 500, 550, and 600 ppm in the coagulation/
flocculation, and the pH of the raw water ranged from
4.0, 6.0, and 8.0, thereby trying to avoid inefficiency
in the process.

The tests of coagulation/flocculation/sedimentation
were performed in the “jar test device” Simple, Milan,
Model JT101/6 of six evidence-controlled rotation of
the mixing shafts. The working conditions for the
process of coagulation/flocculation/sedimentation
were rapid mixing speed (100 rpm), time of coagu-
lation (3 min), speed of slow mixing (15 rpm), time of
flocculation (15 min), and settling time (60 min).

The efficiency of the process was evaluated by
removing color and turbidity measured by spectro-
photometer HACH DR/2010, according to the proce-
dure recommended by Standard Methods (APHA
1995)

The method of Lowry et al. (1951) was adopted in
order to determine the amount of total proteins ex-
tracted in the preparation of the standard solution of
M. oleifera Lam and verify the relationship between
the dosage of protein and efficiency of the coagulant.

3 Results and Discussion

Although many studies have used synthetic water in
the experiments, this work chose to use raw water col-
lected directly from the Pirapd River. Therefore, it is
important to consider that the natural compounds may
cause variations in their composition, which interfere in
the treatment process. All those factors are taken into
account when evaluating the obtained results.

The characteristics of the superficial water used in
this study are presented in Table 1.

It can be observed that the water used in the
experiments has apparent color, turbidity, solids, and
amount of compounds with absorption in UV-254 nm
relatively high.

It is noticeable that the water has high turbidity and
color. Of note, Nkurunziza et al. (2009) concluded
that MO is not a good coagulant in water with low
turbidity and color.

3.1 Indicative Value of Protein

The indicative values of protein present in the
solutions of Moringa with water and with KCl at
different molarities (0.01, 0.1 and 1 M) are presented
in Table 2.

Table 2 shows the value of protein as a function of
salt solution molarity. An increase in the amount of
protein is observed due to the elevation of KCI
concentration. This is an important fact because it is
known that the MO seed protein is the most important
compound in the process of clarifying the water. MO
is reported to have a cationic dimeric protein of high
molecular weight, which destabilizes the particles in
the water through a process of neutralization and
adsorption, flocculate colloids followed by sedimen-
tation (Vieira et al. 2009). It is important to notice that
the lower value found for the concentration of protein
was extracted with water.

3.2 Influence of KC1 Molarity and pH

Figures 1 and 2 show the relationship between
turbidity and color removals (%), respectively, as a
function of MO concentration (ppm) for the four
prepared coagulant solutions (with water and KCI at
different molarity). These coagulation/flocculation

Table 1 Characteristics of the superficial water

Parameters Unit Indicative value
Apparent color uH* 1,030
Turbidity uT 850
UV-254 nm cm™! 0.2390
Total suspended solids mg L™ 220

Total dissolved solids mg L 1,320

*Hazen unit = (mg Pt-Co L")
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Table 2 Indicative value of protein

Coagulant type of solution Indicative value (mgL™")

Water 873
0.01 M KCl 9,750
0.1 M KC1 13,650
1 M KCI 23,400

tests were carried out using raw water at pH equal
to 8.0.

In order to remove turbidity of raw water with pH
8.0, as shown in Fig. 1, the best results were obtained
with the highest saline concentration, or 1 M KClI,
presenting a removal degree of approximately 99.7%.
For 0.1 M KCI, the value was 80%, 60% for 0.01 M
KCl, and only 45% to extraction with water. There-
fore, the decline in the saline concentration causes
decrease in percentages of turbidity removal. This
may be related to the amount of protein found in the
three different salt solutions (Table 2). As the level of
protein rises, the higher is the coagulation activity;
consequently, the better is the efficiency of removal
for both color and turbidity.

Okuda et al. (1999) studied the coagulation process
in water solutions using coagulants obtained from M.
oleifera and extracting the active component with 1 M
NaCl, which allowed the authors to obtain a reduction
of turbidity of 95%. In that case, the water sample had
an initial turbidity of 50 uT and a 4-ppm solution of
coagulant obtained with 1 M NaCl was used. For the
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Fig. 1 Influence of MO concentration (ppm) and molarity of
KCl, on turbidity removal, with pH 8.0
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Fig. 2 Influence of MO concentration (ppm) and molarity of
KCl, on color removal, in pH 8.0

extraction with water, 32 ppm was necessary to reach
a turbidity removal rate of 78%. The pH was mea-
sured to be 7.0.

Nkurunziza et al. (2009) employed a solution of
3% MO, extracted with a 1-M NaCl solution, finding
turbidity removal rates of 83.2% (given an initial
water turbidity of 50 uT) and 99.8% (initial water
turbidity of 450 uT). The conclusion is that the seed
of MO is most effective for the treatment of water
with higher turbidity.

The color removal rate exhibited the same trend as
the turbidity removal. By means of Figs. 1 and 2, it
can be observed that the concentration chosen seems
not to influence the percentage of removal of both
turbidity and color.

For 1 M KCIl, 450 ppm of the coagulant signifi-
cantly increased removal of color. As concentration of
the coagulant increased, color removal was also
increased from approximately 80% to almost 100%.

The color removal was smaller than turbidity
removal, ranging from 30%, 70%, and 72% to 83%
for water and KCI solutions at 0.01, 0.1, and 1 M,
respectively.

The results presented for the extraction of water are
not the most representative, but may present an
alternative affordable, simple, and low cost for water
treatment in small rural communities, thus improving
the quality of water consumed.

Figures 3 and 4 show turbidity and color removals
(%), respectively, function of MO concentration
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Fig. 3 Influence of MO concentration (ppm) and molarity of
KCl, on turbidity removal, with pH 6.0

(ppm) for the four prepared coagulation solutions at
pH equal to 6.0.

Figures 3 and 4, for both turbidity and color, show
that for pH 6.0, the best results were obtained
performing the extraction with 1 M KCl; this behavior
was similar to that observed with pH 8.0. However,
the decrease in pH caused the percentage of removal
to drop from 99.7% to 70% for turbidity, and from
98.5% to 80% for color.

The tests of coagulation/flocculation performed
using coagulant solution obtained by extracting the
protein with water and with KCl showed that the
ability to coagulate in terms of reduction in residual
color and turbidity of water is closely related to the
content of proteins released in the process of ex-
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Fig. 4 Influence of MO concentration (ppm) and molarity of
KCl, on color removal, with pH 6.0

traction. Extraction with water was not an efficient
method to remove color and turbidity.

By means of Figs. 3 and 4, it is shown that
increasing the concentration of salt solution of
extraction provides a release of larger proteins, which
reflects an empowerment of coagulation.

Figures 5 and 6 show the turbidity and color
removals (%), respectively, for raw water treatment at
pH 4.0 using the four proposed coagulation solutions
at different concentrations.

The lowest values of removal of both turbidity and
color were found when pH was equal to 4.0, as shown
in Figs. 5 and 6. This fact was expected since Okuda
et al. (2001) stated that the coagulant activity of MO
seed is low in pH levels smaller than 7.0.

The result is effective because it is near the pH of
the raw water. So if the process would be imple-
mented in a water treatment plant, it would not be
necessary to correct the pH, making the process
simple and easy to use.

In the work undertaken by Okuda et al. (2001) and
Ndabigengesere and Narasiah (1998), we used a
simulation of raw water; thus, the purpose of this
study was to evaluate the different levels of pH and
evaluate if the behavior was similar when raw water
was capitated directly into the river.

Analyzing the pH, the best percentages of removal
were observed at pH 8.0. This was also detected by
Okuda et al. (2001). These authors studied the removal
of turbidity in pH 0 to 14 and observed high coagulation
activity at pH 8 or higher and little coagulation activity
was noted with pH below 7. Ndabigengesere and
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Fig. 5 Influence of MO concentration (ppm) and molarity of
KCl, on turbidity removal, with pH 4.0
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Fig. 6 Influence of MO concentration (ppm) and molarity of
KCl, on color removal, with pH 4.0

Narasiah (1998) studied the removal of turbidity in pH
0 at 8.0 and observed the same behavior.

Based on the results obtained, it is observed that
the seeds of MO are more effective if extracted using
1 M KCl in varying concentrations as well as with pH
8.0. Besides, it is possible to say that the mentioned
process can be used to treat water at a low cost. For
low pH (below 7.0) Amagloh and Benang (2009)
recommend the combination of MO coagulant with
another that has better results in removal.

3.3 Relationship Between the Mass of Protein, Salt
Concentration, and Turbidity Removal

For pH 8.0, which showed the best results, we
evaluated the relationship between the mass of
protein, salt concentration, and the percentage of
turbidity and color removals.

The indicative values of mass of protein present in
the solutions of Moringa with water and with KCl at
different molarities (0.01, 0.1, and 1 M) and the
corresponding percentage of turbidity and color
removals are presented in Table 3.

Table 3 shows that in the extraction with water, 9 g
of protein led to 52% of turbidity and 33% of color
removals; in the extraction with 0.01 M KCI, 9 g
protein, the same mass of protein, led to a 65% of
turbidity and 69% for color removal.

In the extraction with 0.01 M KClI, 48 g of protein
led to 66% of turbidity and 68% of color removals; in
the extraction with 0.1 M KCl, 48 g protein, the same
mass of protein, led to a 79% of turbidity and 72% for
color removal; and for extraction with 1 M KCl, 48 g
protein led to a 96% of turbidity and 82% for color
removal.

These results indicate that the process of coagula-
tion and removal of compounds that give color and
turbidity of water can be influenced by the protein
amount by the amount of salt in the middle. Through
Table 3, we can see clearly that these two factors
contribute to the increase in the efficiency of re-
moving color and turbidity of water. The highest
density of charges, due to the dissociation of salt, can
contribute to this increase in clotting.

Okuda et al. (1999) found no difference in the
efficiency of coagulation in extracts using different
salts (NaCl, KNO3, KCI1, NaNO3), but emphasize the
increase in the efficiency of coagulation when the
coagulant extract is obtained with a higher concen-
tration of saline, i.e., 1 M salt.

With the results presented in Table 3, we can say
that MO is an effective coagulant in water treatment,
for high turbidity and color, and adding salt boosted
its effect.

4 Conclusions

The following conclusions can be draw from this
ongoing study:

— In general, the extraction of the active compound
was efficient and can be applied to the coagula-

Table 3 Indicative value
mass of protein and per-

Mass of protein (g)

Turbidity removal (%) Color removal (%)

centage of turbidity and

color removals Water

0.01 M KCl
0.01 M KC1
0.1 M KCI
1 M KCl1

9

48

52 33
65 69
66 68
79 72
96 82
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tion/flocculation in varying concentrations for
water obtaining treatment.

— The achieved results show that the protein
amount is higher for KCI extraction using 1 M.

— The extract produced through the KCI solution
and MO seeds showed good efficiency, being
better than the extraction with water. The highest
rate of turbidity and color removal were observed
when using a high molarity of salt, i.e, 1 M
concentration.

— The experimental results allowed concluding that
MO is more effective with pH 8.0.

— The use of M. oleifera Lam seeds can be
considered advantageous and a promising step
towards improving the processes of water coag-
ulation/flocculation.
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