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Abstract In the present study, the ability of Hibiscus
rosa-sinensis leaf extract (HLE) to act as a natural co-
agulant for the water treatment was tested. Synthetic
turbid solutions were prepared using kaolinite, and the
efficiency of HLE was examined for low and high turbid
solutions. HLE was very effective in high turbid solu-
tions than in low turbid water and follows enmeshment
mechanism of destabilization. An insignificant effect of
alkalinity on the performance of HLE was observed.
The addition of NaCl increased the dissolution of coag-
ulation active species and enhanced the efficiency of
HLE, significantly. Hydroxyl and carboxyl groups pres-
ent in HLE were the major functional groups responsi-
ble for the bonding between coagulant and kaolinite.
The efficiency of alum was very high compared to that
of HLE in both turbid solutions. But the optimal dosages
of HLE were lesser than that of alum. Thus, HLE can be
used as a coagulant aid for the effective treatment of
water.
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1 Introduction

In worldwide, scarcity of drinking water is increasing
day by day. Water scarcity has become a global issue
and is not only a problem limited to arid zones (Wu et al.
2013). Speedy population growth, rapid socio-
economic development, and variation in natural condi-
tions have led to increasing reliance on our water re-
sources (Li et al. 2015). Production of drinking water
from the available water source depends on the initial
characteristics of raw water. Among the major pollutants
present in the water, suspended and colloidal solids
cause a great trouble for the conventional treatment
methods. These particles induce turbidity to the water
and sometimes imparts esthetically displeasing colour.
The presence of suspended matter in water reduces the
efficiency of disinfection process by acting as a shield
for microorganisms from the action of disinfectants.
Some of the suspended particles act as a source of
adsorption sites for microorganisms. Due to all of the
above reasons, removal of turbid matter from the water
is a great concern.

Coagulation process is a worldwide technology for
the removal of suspended and colloidal particles from
water (Teh and Wu 2014; Venu et al. 2016) and waste-
water (Gandhimathi et al. 2013; Teh et al. 2016). Alum
is widely accepted as an efficient coagulant for the
removal of these pollutants and is mainly due the ab-
sence of colour producing hydroxyl complexes and its
optimal operating pH near neutral conditions. However,
recent studies have pointed out several drawbacks of
using aluminum salts, such as Alzheimer’s disease as-
sociated with residual aluminum in treated water,
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production of large sludge volumes, (Ndabigengesere
and Narasiah 1998) and the inadequacy for disposing
alum sludge in low laying area. Also, the disposal of
alum sludge on the land may affect the crop production
by inhibiting the growth of the plant roots (Shak and Wu
2015). Aluminium present in the alum reacts with nat-
ural alkalinity present in the water and results in reduc-
tion of solution pH. To avoid the problems associated
with chemical coagulants, researches focused more on
the usage of natural coagulants prepared or extracted
from plants, animals, or other organisms. Moringa
oleifera (Bhuptawat et al. 2007; Krishna Prasad 2009;
Muthuraman and Sasikala 2014), strychnos potatorum
(Muthuraman and Sasikala 2014), phaseolus vulgaris
(Muthuraman and Sasikala 2014), lateritic soil
(Syafalni et al. 2012), cactus (Shilpa et al. 2012), surjana
seed powder (Patel and Vashi 2012), maize seed powder
(Patel and Vashi 2012), chitosan (Patel and Vashi 2012),
chitin (Saritha et al. 2012), okra mucilage (Ani et al.
2012), protein from copra (Fatombi et al. 2013), acacia
catechu bark (Thakur and Choubey 2014) etc. showed
higher efficiency towards the pollutant removal from
water medium.

Hibiscus is a part of mallow family (Malvaceae)
having hundreds of species throughout the world, which
are native to warm temperate, subtropical and tropical
regions (Panga 2014). The antioxidant, antityrosinase,
and antibacterial activities of hibiscus leaves and
flowers are well known (Salem et al. 2014). Hibiscus
rosa-sinensis is a well-known member of the family
Malvaceae, is extensively cultivated as an ornamental
plant in tropical and subtropical regions (Kumar and
Singh 2012). It is a bushy, evergreen shrub or small tree
growing 2.5 to 5 mtall and 1.5 to 3 m wide with glossy
leaves and solitary, brilliant red flowers in summer and
autumn (Prasad 2014). The medicinal properties like
aphrodisiac, menorrhagia, oral contraceptive, laxative,
etc. of Hibiscus rosa-sinensis leaves, flowers, and roots
are well known (Kumar and Singh 2012). Anticancer,
antibacterial, and antioxidant activities of extracts pre-
pared from the various parts of the tree have been
extensively studied by various researchers (Patel et al.
2012; Ruban and Gajalakshmi 2012; Divya et al. 2013).
Leaves and flowers of Hibiscus rosa-sinensis leaves are
used as an antiseptic for boils and ulcers (Divya et al.
2013). Leaves of this plant are able to remove burning of
the body, urinary discharges, seminal weakness, piles,
uterine and vaginal discharges; and promote the growth
of the foetus (Kumar and Singh 2012). Various
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concoctions prepared from the roots are believed to cure
ailments such as cough, hair loss, or hair graying (Gupta
et al. 2012). The flowers of this plant are edible and the
people from Pacific islands used this flower in salads
(Essiett and Iwok 2014). Apart from this, the flowers of
this plant possess antifertility activity, like
antimplantation, abortifacient, in rodents (Kumar and
Singh 2012). Due to the ability to absorb ultraviolet
radiation, the extract from the flower can also be used
as an anti-solar agent (Nevade Sidram et al. 2011). The
flower is additionally used in hair care, to shine shoes
and as a pH indicator (Gupta et al. 2012; Essiett and
Iwok 2014).

The present study examines the ability of Hibiscus
rosa-sinensis leaf extract (HLE) to remove turbidity
from water. Low and high turbid water are considered
for the entire studies. Effects of coagulant dosage, alka-
linity, and NaCl addition on the turbidity removal are
analyzed. The coagulation efficiency of HLE is com-
pared with that of alum for both turbid solutions.

2 Materials and Methods
2.1 Materials

Hibiscus rosa-sinensis leaves were collected from the
campus. Alum, sodium carbonate, and sodium chloride
supplied by Merck and used without further purifica-
tion. Commercially available kaolinite was used for all
the coagulation experiments.

2.2 Preparation of HLE

Fresh green leaves of Hibiscus rosa-sinensis were col-
lected and washed with distilled water to remove dust
and other impurities. From these, 10 g of leaves were cut
into small pieces and made into paste with the help of a
mortar and pestle. To this paste, 100 mL of distilled
water was added and the grinding procedure was con-
tinued for further 15 min. The prepared solution was
filtered and used for the coagulation experiments. Fresh-
ly prepared HLE were used for all coagulation
experiments.

In order to find the concentration of Hibiscus rosa-
sinensis content in the extract, the leaf dregs were dried
in the presence of sunlight. The dry leaf dregs were
weighed and the pure Hibiscus rosa-sinensis content in
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the extract was found from the difference in the weight
and expressed in mg/L.

2.3 Jar Test

Two types of turbid solutions were considered for the
whole experiments. High turbid solution was prepared
by adding 8 g of kaolinite in 10 L of water. The turbidity
of this solution was measured as 325 NTU. Low turbid
solution was prepared by adding 2.7 g of kaolinite in
10 L and had a turbidity of 60 NTU.

Conventional jar test was adopted for finding the
efficiency of HLE. The effects of HLE dosage (by
varying the dosage from 0 to 15 mg/L), NaCl concen-
tration (in the range of 0 and 1000 mg/L) and alkalinity
(between 0 and 1630 mg/L as CaCOj3) on the turbidity
removal were tested. Jar test was carried out in a jar test
apparatus equipped with six beakers. One liter of the
turbid solution was filled in each beaker. The required
amounts of HLE dosages were added and rapidly stirred
for 1 min at 160 rpm. For the next 10 min, the solution
was stirred at 40 rpm and allowed to settle for 20 min.
The supernatant from each jar were collected and resid-
ual turbidity values were noted. The removal efficiency
of the system was expressed as ratio “C/Cy,” where C is
the turbidity of the sample after the treatment and Cy is
the initial turbidity of the sample.

2.4 Analysis

Turbidity of the samples was measured using Eutech
Portable TN100 Turbidity meter. Solution pH was ana-
lyzed using Orion EA 940 expandable ion Analyzer.
Scanning electron microscopy (SEM) investigations of
the samples were conducted in a Hitachi SU6600 Vari-
able Pressure Field Emission Scanning Electron Micro-
scope. The surface functional groups of kaolinite and
Hibiscus rosa-sinensis leaf were detected by Fourier
Transform Infrared (FTIR) Spectroscope (FTIR-2000,
Perkin Elmer) using KBr pellet method.

3 Results and Discussions
3.1 Effect of Coagulant Dosage
Effect of coagulant addition and its initial dosage on the

destabilization of kaolinite suspension was studied for
both high and low turbid conditions (Fig. 1). In the
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Fig. 1 Effect of HLE dosage on the destabilization of kaolinite
suspension

absence of coagulant (0 mg/L of coagulant dosage),
the reduction in the turbidity was insignificant for the
low turbid kaolinite suspension; whereas, the concen-
tration of the high turbid kaolinite suspension reduced to
86% of its initial turbidity after the jar test. This reduc-
tion in turbidity is mainly due to the induced rotational
force during the rapid mixing. Hence, the collision
between the kaolinite particles increases with the in-
creased initial turbidity, causing the settling of clay
particles.

The addition of coagulant to the stabilized suspen-
sion resulted in a significant reduction of water turbidity.
This enhanced turbidity reduction is mainly because of
the destabilization and accompanied flocculation of
kaolinite particles. Abd El Latif (2005) studied the set-
tling characteristics of stabilized suspension in both the
presence and absence of non-ionic polyacrylamide floc-
culants. The authors observed a gradual decrease in the
height of interface for the suspension in the absence of
coagulants. At the same time, the authors observed a
sharp decrease in the height of interface during the
settling of destabilized clay suspension by the addition
of coagulant. These results show that the addition of
coagulants increases the density of clay particles by
agglomeration.

The increased HLE concentration increases the tur-
bidity removal efficiency in coagulation-flocculation
process. This shows the importance of coagulant dosage
for the destabilization of turbid suspension. The reduc-
tion in turbidity was very sharp in the case of high turbid
kaolinite suspension, while that of low turbid system

@ Springer



51 Page4of9

Water Air Soil Pollut (2017) 228: 51

was gradual. The turbidity removal efficiency of the
process reached maximum at HLE concentration of
1.5 mg/L for the high turbid suspension. The residual
turbidity at this HLE concentration was observed as 78
NTU after 20 min of settling. At the same time, the
maximum removal efficiency was observed at 6 mg/L
for the suspension having low initial turbidity. The
residual turbidity was observed as 50 NTU at this
condition.

By comparing the optimal dosages of HLE for both
low and high turbid system, the coagulation mechanism
can be concluded as sweep floc coagulation. This is the
main destabilization mechanism of alum at neutral pH
condition. In this type of coagulation mechanism, the
clay particles enmeshed in the HLE and colloids are
swept from the water from its suspension stage to a
settled floc. One of the main characteristics of sweep
floc coagulation is the inverse relationship between
optimum coagulant dosage and initial water turbidity.
At low turbid condition, excess of HLE is required to
enmesh the relatively less amount of kaolinite particles.
At high turbid condition, suspended particles serve as
nuclei for the floc formation and results in the enhanced
coagulation at lower coagulant dosages (Weber 1972).

Further addition of coagulants decreased the turbidity
removal efficiency of coagulation process. This is main-
ly due to the re-stabilization of kaolinite at higher HLE
concentration. Higher dosages of HLE also impart ad-
ditional turbidity. This is very clear in the case of low
turbid kaolinite suspension. At the optimal HLE con-
centration, the residual turbidity of low turbid suspen-
sion was 50 NTU, while the residual turbidity of same
suspension for HLE concentration of 15 mg/L was 65
NTU.

In order to check the re-stabilization of kaolinite
suspension at higher dosages, the surface charge char-
acteristics of kaolinite and HLE were studied. For this
purpose, point of zero charge (PZC) of both materials
was found as per the procedure detailed in various
articles (Oladoja and Aliu 2009; Nidheesh et al. 2011,
2012). The result obtained from the study is depicted in
Fig. 2. The PZC of kaolinite and HLE were found as 4.2
and 6.8, respectively. Surface charge of all the particles
is predominated by positive charge at water pH lower
than its PZC and is predominated by negative charge at
water pH higher than its PZC. The coagulation experi-
ments were carried at water pH near to 6.9. At this pH
condition, the surface of kaolinite predominated by neg-
ative charges. At the same condition, the surface charge
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Fig. 2 Point of zero charge of kaolinite and HLE

of HLE is near to neutral or slightly negative. This
neutral condition is responsible for the enmeshment
mechanism of destabilization. The enmeshment coagu-
lation is difficult, if both coagulant and clay have similar
charge. But the addition of higher amount of HLE to the
destabilized kaolinite suspension causes the accumula-
tion of negative charges and results in the repulsion of
negatively charged clay and HLE. This reduces the
destabilization activity at higher coagulant dosages.
Similar results are observed for various natural coagu-
lants like cactus (Shilpa et al. 2012), hyacinth bean peels
(Shilpa et al. 2012), and tannins obtained from Acacia
catechu (Thakur and Choubey 2014).

3.2 Effect of Alkalinity

Alkalinity is an important water quality parameter for
the efficient operation of all hydrolysable metal coagu-
lants. Coagulants like copperas, alum etc. works only in
the presence of alkalinity. For the efficient performance
of these coagulants, high alkaline conditions are must.
The effect of alkalinity on the performance of HLE was
also tested. It was found that alkalinity has an insignif-
icant effect on the coagulation activity of HLE. Alkalin-
ities of the samples were varied from 0 to 1630 mg/L.
But the residual turbidity of the high turbid samples was
varied in between 78 and 90 NTU. Thus, the results
indicate that alkalinity is not an efficiency regulating
parameter for natural coagulants.

A few researchers tested the effect of alkalinity on the
performance of natural coagulants (Diaz et al. 1999;
Zhang et al. 2006). They observed a decrease in the
coagulant performance with increase in alkalinity.
Zhang et al. (2006) observed a linear relationship
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between the residual turbidity and alkalinity for turbidity
removal by cactus. The results from present study indi-
cate an insignificant effect of alkalinity on the perfor-
mance of HLE and this adds more value on the appli-
cation of this coagulant in real field. Similar result was
reported by Ndabigengesere and Narasiah (1996). The
authors checked the effect of anions and cations sepa-
rately on the turbidity removal efficiency of Moringa
Oleifera seeds. The increase in concentration of both
anion and cation did not affect the performance of the
coagulant significantly.

3.3 Effect of Salt Addition

Presence of salt is an important parameter affecting the
efficiency of coagulation. The salt addition enhances the
efficiency of coagulation process in two ways. In the
first case, the presence of counter ion results in double
layer compression and cause destabilization of clayey
suspension. On other hand, Okuda et al. (1999) ob-
served that the salt addition improves only the extraction
efficiency, not the coagulation efficiency of Moringa
oleifera seeds. The presence of salt loosens the protein
association of natural coagulants and generates more
soluble and coagulation active species in the solution
(Okuda et al. 1999). This results in an enhancement in
coagulation in the presence of natural coagulants.

The effect of NaCl addition on HLE coagulation
efficiency is shown in Fig. 3. From the figure, it can
be seen that the removal efficiency of HLE increased
with increase in salt concentration. The residual turbid-
ity of high turbid solution was reduced to 20 NTU with
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Fig. 3 Effect of salt addition on the performance of HLE

an addition of 500 mg/L NaCl to 3 mg/L HLE. In similar
way, the addition of 50 mg/L NaCl to 6 mg/L HLE
reduced the turbidity ratio from 0.87 to 0.69. This en-
hancement in coagulation efficiency of the system is not
due to the double layer compression in the presence of
sodium ions. One of the main properties of double layer
compression is the increase in coagulation efficiency
with increase in salt concentration. But, in the present
study, the enhancing nature of the system is only up to a
certain limit. Also, insignificant changes in coagulation
properties of the system with increase in alkalinity were
observed. To increase the alkalinity of water, sodium
carbonate was added to the clayey suspension. Even
though sodium carbonate contains twice the amount of
sodium than that in sodium chloride, the changes in
residual turbidity were not observed, as observed in
the case of sodium chloride.

Therefore, the other property of salt addition, i.e.,
increase in soluble component, was analyzed. For this
purpose, 1 L of distilled water was taken in three bea-
kers. To the first beaker, 500 mg/L of salt and 3 mg/L of
HLE were added. To the second and third beakers,
respective amount of 500 mg/L of salt and 3 mg/L of
HLE were added. This solution was mixed continuously
for 15 min at 100 rpm. Then the total solids and total
dissolved solids concentrations were measured. An in-
crease in dissolved concentration was found with the
addition of salt in the extract. The total solid concentra-
tions of extract, salt, and salt plus extract were noticed as
292, 540, and 892 mg/L, respectively. At the same time,
the total dissolved concentrations were observed as 160,
480, and 741 mg/L, respectively. The obtained results
indicate a 16% increment in total dissolved concentra-
tion after salt addition to the extract, with respect to its
individual values. This increase in total dissolved con-
centration after the salt addition is mainly due to the
dissolution of coagulation active species, as discussed
earlier.

3.4 Characterization of Sludge

The SEM images of kaolinite and sludge are shown in
Fig. 4. Raw kaolinite is a mixture of materials having
various sizes. But after the coagulation, these particles
agglomerate together and form floc having size higher
than its original size. This agglomeration in the presence
of HLE occurs after the destabilization process and
cause the flocculation of particles. Due to the increase
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Fig. 4 SEM images of a kaolinite and b sludge

in weight, the agglomerated particles settle down as
soon as possible.

The FTIR spectra of kaolinite, HLE and sludge are
shown in the Fig. 5. The assignments corresponding to the
peak absorptions are listed in Table 1. Kaolinite is a clay
mineral with a chemical composition Al,Si,Os(OH),. The
presence of hydroxyl ions in the kaolinite was confirmed
with the peak bands at 3689 and 3650 cm ™. The bonding
between aluminum and hydroxyl ions was verified by the
absorption peat at 3619 cm . The presence of silica and
its bonding with oxygen and hydroxyl ions were authen-
ticated by the presence of peaks at 1114, 1026, 1003, 788,
672, 459, 425, and 414 cm_l, respectively.

FTIR analysis of HLE indicates that the natural coag-
ulant mainly contains hydroxyl, amines, and carboxyl
groups. These groups are the responsible for the coagu-
lation in the presents of natural materials (Zhang et al.
2010). Apart from these, the presence of alkenes, alkanes
etc. were also identified. The presence of HLE in sludge
was confirmed by the identical peaks at 3446, 2918,
2851, 1401, and 895 cm”'. In similar way, the presence
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Fig. 5 FTIR spectra of kaolinite, HLE, and sludge

of kaolinite in sludge was validated by the peaks at 1026,
788, and 414 cm ™', A bond between silica and hydroxyl
ions was observed in sludge (3746 cm™ "), indicating that
hydroxyl ions are the major functional groups which
produce the bond between kaolinite and HLE. Because
some of the Si-O stretching peaks of kaolinite were also
observed in sludge. This silica makes bond with hydroxyl
ions of HLE. Reduction in the intensity of peak at
3446 cm ! in sludge with respect to HLE also proved
the same. Similarly, reduction in the intensity of carboxyl
ions was also observed and it indicates the bonding by
carboxyl groups in sludge.

3.5 Comparison with Alum

The efficiency of alum for the treatment of low and high
turbid water was also tested. The alum dosages were
varied in between 0 and 20 mg/L and the results obtain-
ed are depicted in Fig. 6. Similar trends as observed in
the case of HLE were also observed for alum. The
efficiency of alum increased with increase in dosages
up to the optimal dosages and then the efficiency de-
creased with further increase in alum dosage. The
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Table 1 Assignments of the bands appearing in the FTIR spectra of kaolinite, HLE, and sludge (Saikia and Parthasarathy 2010; Vaculikova
etal. 2011; Aroke et al. 2013; Awang et al. 2013)

Wavenumber (cm ') Assignments Kaolinite HLE Sludge
3746 Si-O-H stretching - - v
3689 OH stretching v - -
3650 OH stretching v -
3619 AIl-OH stretching v -
3446 O-H and N-H stretching - v v
3149 OH stretching - - v
2918 C—H stretching - v v
2851 C—H stretching v v
1795 C-H in plane deformation - - v
1617 C =0 stretching - v -
1401 C = O stretching — v v
1317 C-O stretching of carboxylic acids - v

1114 Si-O stretching v - -
1096 C-O stretching of alcoholic groups -
1026 Si-O planar stretching v - v
1011 -O-CH; vibrations - v -
1003 Si-O stretching v - -
910 OH deformation of inner hydroxyl groups v - -
895 C =C stretching - v v
788 Si-O quartz v - v
780 -CHj stretching - v -
672 Si-O-Si bending v - -
531 Al-O-Si deformation v -

459 Si-O vibrations v - -
425 Si-O deformation v - -
414 Si-O deformation v - v

cic,

—o— High Turbid —*— Low Turbid

Dosage of Alum (mg/L)

Fig. 6 Performance of alum in low and high turbid water

optimal dosages of alum for low and high turbid water
were noted as 10 and 6 mg/L, respectively. These results
indicate that the turbidity removal mechanism of alum is
sweep floc coagulation or enmeshment in precipitate.

Comparing to the efficiency of HLE with alum, alum
is very efficient for low and high turbid water. But the
efficiency of HLE is significant only in the case of high
turbid solution (Fig. 1). The residual turbidities of low
and high turbid water at the optimal HLE concentration
(in the presence of NaCl) were 40 and 19.8 NTU,
respectively. At the same time, even without the addition
of NaCl, the residual turbidities of low and high turbid
water at optimal alum dosage were 7 and 8 NTU,
respectively. The residual concentration in the presence
of alum is near the permissible limit of Indian drinking
water quality standard (IS 10500: 2012).
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Even though HLE has less efficiency compared to
alum, the optimal dosage of HLE is less than that of
alum, for both turbid solutions. From these results, HLE
can be recommended as a coagulant aid for the treatment
of water. Generally, organic polymer is used as a coagu-
lant aid to bridge the coagulated particles when alumi-
num or iron salt has been used as a primary coagulant in
water and wastewater treatment (Teh et al. 2014;
Subramonian et al. 2015). Application of HLE as a
coagulant aid along with alum increases the efficiency
of alum and reduces the optimal dosage of alum required
for treating turbid water. Awang and Aziz (2012) used
HLE as a coagulant aid for the treatment of landfill
leachate. The authors observed an enhanced removal of
ferric ion, suspended solids, and turbidity with the addi-
tion of 500 mg/L HLE to 4000 mg/L alum. The ferric ion
removal efficiency of alum was 60%, while the efficiency
increased to 100% with the addition of HLE. Similar
way, the suspended solids removal efficiency of alum
increased from 45 to 72% with the HLE addition.

4 Conclusions

HLE was found as an effective natural coagulant for the
treatment of high turbid water. Sweep floc coagulation
was the destabilization mechanism of HLE and its per-
formance was not affected by the alkalinity of water.
Optimal dosages for low and high turbid water were
found as 6 and 3 mg/L, respectively. The salt addition
enhanced the efficiency of HLE and is mainly by the
dissolution of coagulation active species rather than the
improved coagulation due to double layer compression.
The FTIR studies indicated the bonding mechanism in
sludge. The bonding between kaolinite and HLE oc-
curred mainly by the hydroxyl and carboxyl groups
present in HLE. Compared to the efficiency of alum,
the performance of HLE was very less in low and high
turbid solutions. By comparing the optimal dosages and
residual turbidity, HLE can be used as a coagulant aid
for the effective treatment of turbid water.
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