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ABSTRACT

The natural polymers used in water and wastewater treatment systems include starches,
galactomannans, cellulose derivatives, chitosan, microbial polysaccharides, gelatin, glues,
and alginate. These natural coagulants are capable of treating water from high to low turbid
water and having removal efficiency of sometimes more than 98% that can be used for drink-
ing purposes. Naturally occurring coagulants are usually presumed safe for human health,
while there is a fear that using aluminum salts may induce Alzheimer’s disease. These natu-
ral coagulants are usually used as coagulant aid in combination with some synthetic coagu-
lants, their effectiveness as the primary coagulant is still in beginnings. The mechanisms of
treatment in these coagulants include intermolecular bridging, complexation process, adsorp-
tion, and charge neutralization. A review of non-plant-based natural coagulants, coagulating
mechanisms, effectiveness, and its applications has been presented.
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1. Introduction

The removal of suspended matter from water is
one of the major goals of water treatment. Only disin-
fection is used more often or considered more impor-
tant. In fact, effective clarification is really necessary
for completely reliable disinfection because microor-
ganisms are shielded by particles in the water. Clarifi-
cation usually involves: coagulation, flocculation,
settling, and filtration [1]. Flocculation–coagulation
process plays a major role in surface water treatment
by reducing turbidity, bacteria, algae, color, organic
compounds, and clay particles [2]. The processes
greatly increase the effectiveness of the latter pro-
cesses by reducing or eliminating suspended particles

that would otherwise clog filters or impair disinfec-
tion, thereby dramatically minimizing the risk of
waterborne diseases [3,4]. Flocculating agents are gen-
erally divided into three groups: (1) inorganic floccu-
lants, such as aluminum sulfate (AS), polyaluminum
chloride, ferric chloride, and polyferric sulfate; (2)
organic synthetic flocculants, such as polyacrylamide
derivatives and polyethyleneimine; and (3) naturally
occurring flocculants, such as chitosan, sodium algi-
nate (SA) and bioflocculant [5]. There is growing inter-
est in using ecologically friendly and biodegradable
flocculants for wastewater treatment, which are
advantageous because they are natural, renewable,
non-toxic, and biodegradable. Materials commonly
used as “green” flocculants combine typical
flocculants such as aluminum or ferric chloride with
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synthetic polymers or new eco-sustainable materials
such as inorganic salts or chitosan, organosepiolite
particles, and different oily materials, such as palm oil
and surfactants [6]. Over the recent years, the use of
natural polymeric materials has been tested in water
treatment to establish the value of the available
biological resources and elimination of the possible
negative impact of the synthetic polymers on human
health, due to the presence of residual monomers
from manufacturing process and reaction byproducts.
Some natural polymers, such as polysaccharides, have
been suggested to be moderately efficient due to their
low molecular weights and high shear stability and
they were noted to be cheap and easily available from
reproducible farm and forest resources. Additional
advantages of these natural polyelectrolytes include
safety for human health and a wider effective dose
range of flocculations for various colloidal suspen-
sions. Hence, natural organic polymers have been
studied for their flocculating ability to replace
inorganic coagulants in recent years [7].

The mechanisms associated with different natural
coagulants are varied as well. It is imperative for rele-
vant stakeholders to fully comprehend the technicali-
ties involved when considering the coagulants for
rural, domestic, or industrial water treatment. Works
on the plant-based coagulant like Moringa oliefera are
well ahead and exploration of coagulants extracted
from non-plant-based coagulants is still at the level of
infancy. To tackle this, this paper provides a review of
the natural coagulants obtained from non-plant-based
sources and mechanisms involved so that its usage
can replace the chemical coagulants.

2. Non-plant-based coagulants—their sources,
structure, and coagulating mechanisms

Polymeric coagulants can be cationic, anionic, or
non-ionic, in which the former two are collectively
termed as polyelectrolytes. Although the polymers
used in water treatment are synthetic, natural poly-
electrolytes are pervasive. Many studies concerning
natural coagulants referred to them as ‘polyelectro-
lytes’ even though many of these studies did not actu-
ally conduct in-depth chemical characterization to
determine their ionic activity. As such, this term
should be used carefully and be applied only after
ionic activity is determined to be present in the coagu-
lant. Natural coagulants are mostly either polysaccha-
rides or proteins. In many cases, even though
polymers labeled as non-ionic are not necessarily
absent of charged interactions, there may be interac-
tions between the polymer and a solvent within a

solution environment as the polymer may contain par-
tially charged groups including –OH along its chain
[8].

2.1. Chitosan

Chitin is a cellulose-like biopolymer widely distrib-
uted in nature, especially in marine invertebrates,
insects, fungi, and yeasts. Chitosan is the deacetylated
derivative of chitin, a natural polysaccharide found
primarily in the exoskeletons of arthropods and some
fungi [8]. Chitosan is a biodegradable, non-toxic, linear
cationic polymer of high molecular weight. Moreover,
chitin extraction also does not cause any disturbance
to the ecosystem, it embraces all advantages provided
by polysaccharides, considering it as the source of
chitosan [9]. Chitosan is a natural polysaccharide with
many useful features such as hydrophilicity, biocom-
patibility, and the capability of adsorbing a number of
metal ions because of its amino groups [10].

2.1.1. Chemical structure

The primary unit in the chitin polymer is 2-deoxy-
2-(acetylamino) glucose. These units are combined by
1-4 glycosidic linkages forming a long chain linear
polymer [11]. It is a linear polysaccharide comprising
copolymers of glucosamine and N-acetyl glucosamine
linked by (1–4) glycosidic bonds. The molar fraction
of glucosamine residues is referred to as the degree of
deacetylation [9,10].

Fig. 1 shows the chemical structure of chitosan.
The chitosan can also complex with oppositely
charged polymers such as polyacrylic acid, sodium
salt of polyacrylic acid, carboxymethylcellulose, xan-
than, carrageenan, alginate, pectin, heparin, hyaluro-
nan, sulfated cellulose, dextran sulfate, and
chondroitin sulfate [13,14].

2.1.2. Coagulating mechanism

The high content of amine groups in chitosan pro-
vides cationic charge at acidic pH and can destabilize
colloidal suspension to promote the growth of large,
rapid-settling floc that can then flocculate [15].

Fig. 1. Chemical structure of chitosan [12].
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Because it is a long–chain polymer with positive
charges at natural water pH, it can effectively coagu-
late natural particulate and colloidal materials, which
are negatively charged, through adsorption, charge
neutralization, inter-particle bridging, as well as
hydrophobic flocculation [16,17].

2.1.3. Solubility

Chitosan is insoluble in water or in alkaline solu-
tions at pH levels above about 6.5 or in organic sol-
vents. It is soluble in acidic solution, which makes it
more available for application. It dissolves readily in
dilute solutions of most organic acids, including for-
mic, acetic, tartaric, and citric acids. Chitosan is solu-
ble to a limited extent in dilute inorganic acids except,
phosphoric and sulfuric acids [11,18,19]. In order to
dilute the chitosan powder for the preparation of
chitosan stock solution, it has to be dissolved in acetic
acid solution or hydrochloric acid solution and has to
be continuously agitated for several hours [20].

In its crystalline form, chitosan is normally insolu-
ble in an aqueous solution above pH 7; however, in
diluted acids (pH 6.0), the protonated free amino
groups on glucosamine facilitate solubility of the mol-
ecule [9]. Chitosan has a low solubility at a physiolog-
ical pH of 7.4 or higher pH as it is a weak base with
pKa values ranging from 6.2 to 7. Adjusting the solu-
tion’s pH to approximately 7.5 induces flocculation
due to deprotonation and insolubility of the polymer
[12].

2.2. Alginate

Alginates are quite abundant in nature, as they
occur both as structural component in marine brown
algae (phaeophyceae), comprising upto 40% of dry
matter, and as capsular polysaccharides in soil bacte-
ria. The industrial applications of alginates are linked
to their ability to retain water and their gelling, visco-
sifying, and stabilizing properties. Alginic acid is the
only polysaccharide, which naturally contains car-
boxyl groups in each constituent residue, and pos-
sesses various abilities for functional materials [21].

2.2.1. Chemical structure

The chemical structure of alginate is shown in
Fig. 2. Alginate could be regarded as a true block
copolymer composed of homopolymeric regions of M
and G, termed M block and G blocks, respectively,
interspersed with regions of alternating structure.
Smidsrod et al. (1973) found that alginates have no

regular repeating unit and that the distribution of the
monomers along the polymer chain could not be
described by Bernoullian statistics [22]. Knowledge of
the monomeric composition is hence not sufficient to
determine the sequential structure of alginates. Haug
et al. (1966) suggested that a second-order Markov
model would be required for a general approximate
description of the monomer sequence in alginates. The
main difference at the molecular level between algal
and bacterial alginates is the presence of O-acetyl
groups at C2 (carbon in second position) and/or C3
(carbon in third position) in the bacterial alginates
[23].

Swelling of alginate gels can be increased dramati-
cally by covalent cross-linking of performed Ca-algi-
nate gels with epichlorohydrin followed by subsequent
removal of Ca2+ ions by ethylene diamine tetra acetic
acid. For the swelling behavior of dry alginate powder
in aqueous media with different concentrations of Ca2+,
there seems to be a limit at approximately 3mM free
calcium ions [25].

2.2.2. Coagulating mechanism

The most useful and unique property of alginates
is their ability to react with polyvalent metal cations,
especially calcium ions to produce strong gels or
insoluble polymers [26,27]. Alginate forms the
so-called “egg-box” structure with calcium ions. The
egg-box model of alginate is shown in Fig. 3. This gel
formation property of alginate as well as other specific
reactions with metal cations make alginate an indus-
trially important biopolymer with wide applications
[8]. The action of alginate is believed to be by one of
the following mechanisms: charge neutralization along
with bridging the gap between the particles or by the

Fig. 2. (a) Alginate monomers, (b) Chain conformation,
and (c) Block distribution [24,25].
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formation of calcium alginate gel, which is especially
more effective at high calcium concentrations [28].
Calcium alginate gel combines with particles and cap-
tures them at the stage of gel formation or after gel
formation. Finally, floc formed by the gel and the par-
ticle gets heavy enough and settles down [29].

2.2.3. Solubility

There are three essential parameters determining
and limiting the solubility of alginates in water. The
pH of the solvent is important, because it will deter-
mine the presence of electrostatic charges on the uron-
ic acid residues. The total ionic strength of the solute
also plays an important role and, obviously, the con-
tent of gelling ions in the solvent limits the solubility.
In the latter case, the “hardness” of the water (i.e. the

content of Ca2+ ions) is most likely to be the main
problem [23,30]. Potentiometric titration revealed that
the dissociation constants for the mannuronic and
guluronic acid monomers were 3.38 and 3.65, respec-
tively. The pKa value of the alginate polymer differs
only slightly from that of the monomeric residues. An
abrupt decrease in pH below the pKa value causes
precipitation of alginic acid molecules, whereas a slow
and controlled release of protons may result in the
formation of an “alginic acid gel.” Alginate can be sol-
ubilized at (Ca2+) above 3mM by the addition of com-
plexing agents, such as polyphosphates or citrate,
before the addition of the alginate powder [31–33].

3. Applications

In water and wastewater treatment applications,
chitosan has been used to synthesize membrane, used
as an absorbent as well as a primary coagulant or floc-
culent [11]. Cationic chitosan forms polyelectrolyte
complexes with polyanionic polymers and chelate
complexes with metal ions to afford precipitates.
These reactions have been used for the clarification of
polluted waste water. Chitosan is also usable as an
adsorbent for the removal of certain harmful radioiso-
topes from polluted water and for the recovery of ura-
nium from sea water and fresh water [34]. Table 1
comprises all the principal properties of chitosan. SA
has been used for the treatment of dye wastewater,
humic acid, biosorption of heavy metals, etc. The
advantages of alginate in various other fields are
given in Table 2. The advantages of using these poly-
meric coagulants include that the sludge produced
from polymeric coagulants dewater more readily than
the sludge produced from metal salt coagulants.

Fig. 3. Egg-box model of Alginate with high and low Ca2+

concentrations [29].

Table 1
Principal properties of chitosan in relation to its use in water and wastewater treatment application [36]

Principal characteristics Potential applications

Non-toxic Flocculant to clarify water (drinking water, pools)

Biodegradable Reduction of turbidity in food processing effluents

Renewable resource Coagulation of suspended solids, mineral, and
organic suspensions

Ecologically acceptable polymer (eliminating synthetic polymers,
environment friendly)

Flocculation of bacterial Suspensions

Efficient against bacteria, viruses, and fungi Interactions with negatively charged molecules,
Sludge treatment

Formation of salts with organic and inorganic acids Recovery of valuable products (proteins)

Ability to form hydrogen bonds inter-molecularly Chelation of metal ions, filtration, and separation

Ability to encapsulate Removal of dye molecules by adsorption processes

Removal of pollutants with outstanding pollutant-binding
capacities

Reduction of odor, Polymer assisted ultrafiltration
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Another advantage of polymeric coagulants is that
they do not affect the pH of the effluent. Therefore,
the pH does not have to be adjusted several times
during the treatment process as is often required with
the metal salt coagulants. This saves money and time
in treating the water. The treatment of water with
polymeric coagulants costs less overall than that trea-
ted with alum, comparing the sludge volume to be
handled, the amount of polymer to be used, etc. [35].
Polymeric coagulants offer a broad range of applica-
tions, such as biocompatibility, biodegradation, biolog-
ical activity, non-toxicity, non-allergenic, and ability
for fiber and film formation [11].

3.1. Treatment of wastewater

Many natural coagulants may be inappropriate for
the treatment of industrial wastewater due to their
low availability for large-scale treatment and the
extreme conditions (pH and concentration) of the
wastewater, but usage of natural polymeric coagulants
may afford benefits that can somewhat offset their dis-
advantages. Other than the evident sustainable and
environmentally friendly aspects, natural polymeric
coagulants also form stronger flocs via bridging effect
with higher resistance to shear forces in a turbulent
flow compared to non-polymeric coagulants such as
alum [37,38]. Many methods have been described in
the literature for color removal from wastewater con-
taining dye. These include adsorption (e.g. on active
carbon), coagulation–flocculation, chemical oxidation
(chlorination, ozonization, etc.), and photodegradation
(UV/H2O2, UV/TiO2, etc.) [39–42]. As these dyes are
also toxic for microorganisms, they often inhibit bacte-
rial growth [43–46]. Consequently, conventional bio-
logical treatments cannot be directly applied to textile
wastewater and a preliminary decolorization step
based on physicochemical treatments is compulsory

before biochemical oxygen demand (BOD5) abatement
[47–50].

The ability of chitosan in adsorbing metal ions
could be improved by several modifications on chito-
san such as cross-linking, controlled N-acylation and
N-alkylation with several functional groups. Chitosan
is recognized as excellent metal ligands, forming com-
plexes with many metal ions, thus enhancing the
removal of toxic metal from industrial wastewater.
Besides the reactive primary and secondary hydroxyl
groups, chitosan’s versatility as an adsorbent is a
function of its highly reactive amino group at the sec-
ond carbon (C2) position [51]. The protonation of the
chitosan amino groups (NH2) in solution makes the
chitosan positively charged (exhibited as cationic poly-
electrolytes) and thereby, very attractive for floccula-
tion and different kinds of binding applications, by
allowing the molecule to bind to a negatively charged
surface via ionic or hydrogen bonding [52]. It has
been shown to effectively remove metals such as
boron [52], molybdenum, arsenic, gold, cadmium,
vanadium, chromium, lead, cobalt, iron, manganese,
silver, copper, nickel, mercury, and zinc from aqueous
solutions [53]. In addition, it has been proved that
chitosan could coagulate and flocculate a variety of
suspensions or wastewater including mash and lauter
wastewater of brewery [54], fish-meal factories [55],
mineral colloids [56], river silt [57], latex particles [58],
microorganisms [59], and palm oil mill effluent [60].
Table 3 summarizes the recent works on chitosan for
the treatment of waste water.

3.2. Alginate as coagulant aid

For the application in industrial wastewater treat-
ment, the study of the effect of alginate is still at the
level of infancy. Not much works have been studied
in this regard and alginate is being used with other
primary coagulants by some researchers. Table 4
shows the work done so far and the efficiency of the
coagulant as coagulant aid. The effect of coagulant aid
SA on the coagulation behavior and floc characteris-
tics of AS was investigated by Caihong et al. (2012)
for synthetic dye wastewater treatment. They found
that color removal was more enhanced by SA at low
alum doses than at higher ones. Besides, they also
ascertained that the combined action of AS–SA signifi-
cantly improved the floc recoverability as reflected by
higher recovery factors, compared to AS. Zhao et al.
in 2012 studied the coagulation performance of dual
coagulants alum, ferric chloride, and titanium tetra
chloride with SA. They investigated the coagulation
performance of dual coagulants in terms of turbidity

Table 2
Applications of alginate in other fields

Food industry • Stabilizer

• Thickener and emulsion

• Coacervation

• Hydration

Pharmaceutical
industry

• Dental impression material

• Hemostatic

• Preventing and exclusion from
radioactive harmful metals

• Salve, tablet, drugs

Printing and textile
industry

• Printing agent

• Synthetic fiber
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reduction and dissolved organic carbon removal and
the flocs were characterized in terms of size, growth
rate, strength, recoverability, and structure. The results
showed that dual coagulants could remove HA effec-
tively with appropriate SA doses. Primary coagulants
plus SA exhibited an apparent improvement in both
floc growth rate and floc size. Besides, floc recover-
ability was significantly increased. It was suspected
that SA addition may have a positive effect on the
solid–liquid separation process. However, dual coagu-
lants gave the flocs with more open structure.

3.3. Treatment of turbid water

All natural coagulants exhibit highly effectual tur-
bidity removal capabilities, some of them removing
up to 99% of initial turbidity. Such efficiencies are cer-
tainly comparable to the established chemical coagu-
lants (e.g. alum) [7]. Kaolin and clayey particles are
predominantly negatively charged [66] with a zeta
potential of approximately �9.40mV [6].

Chitosan has no considerable potential to be used
in the treatment of hard water, especially in medium
and high turbidities. It was also found that chitosan

did not affect the alkalinity. The addition of chitosan
contributes to total organic carbon increase in the
solution that could affect the coagulation mechanism
[67]. But, Bina et al. (2009) verified that chitosan could
be used as natural coagulant aid for drinking water
treatment with the lowest risks of organic release.

In the process of alginate coagulation, the dosing
order plays a very important role. The function of cal-
cium in coagulation is due to its ability to compress
the double layer and to reduce repulsive forces
between colloid/colloid, polymer/colloid, and poly-
mer/polymer pairs. Since both the surface and the
polymer were negatively charged, adding calcium first
eased up the approach of alginate to the particles.
Additionally, calcium ion can form complexes with
certain ionogenic groups on the polymer and on the
particle surfaces. Even though the calcium alginate gel
formation is believed to be the main mechanism, it is
also thought that the gel combines with the particles
and captures them at the stage of gel formation or
after the gel formation. Finally, the floc formed by the
gel and the particle gets heavy enough to settle down.
Due to this, the higher the particle concentration (high
turbidity), the better is the effectiveness of the system.

Table 3
Recent studies on chitosan for the treatment of waste water

Acid used for
dissolving coagulant

Pollutant
type

Optimum parameter values Maximum removal efficiency
(%)

Reference

Acetic acid Algae Neutral pH; dosage = 5–20mg/L
depending on algal species

Turbidity removal = 90% [61]

0.1N HCl Textile waste
water

Dosage = 30mg/L; pH=4 COD Reduction = 72.5%;
Turbidity reduction = 94.9%

[62]

HCl Boron Dosage = 0.8 g/L; pH=5 TSS= 94.2%; Turbidity = 91%;
Boron= 79.7%

[8]

0.1M HCl Palm oil mill
effluent

Dosage = 400mg/L; pH=6 Turbidty = 99.90%;
TSS= 99.15%; COD=60.73%

[63]

2M HCl Olive mill
waste water

Dosage = 400mg/L; pH=4.5 TSS= 81% [64]

Table 4
Recent works on Alginate as coagulant aid

Primary coagulant Pollutant
type

Optimum parameter value Max. removal efficiency Reference

Aluminum sulfate, Ferric
chloride, Titanium tetra
chloride

Humic
acid

SA=1mg/L; Alum=1.5mg/L;
FeCl3 = 6mg/L; TiCl4 = 6mg/L

Floc recoverability = 74%;
DOC Removal = 62%;

[5]

Aluminum sulfate Dying
waste
water

Aluminum sulfate = 6.5mg/L;
Alginate = 1.0mg/L

Color removal = 86% [65]
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At very low doses of alginate and moderate calcium
concentrations, calcium alginate is able to produce tur-
bidity levels satisfying drinking water quality [6]. Rey
et al. (2012) found that calcium alginate worked inde-
pendent of alkalinity and performance depended on
the presence of high concentrations of calcium in the
system, but higher the calcium concentration, higher
the amount of sludge produced. Table 5 shows the
recent works done on the treatment of water using
non-plant-based coagulants.

4. Cost of non-plant-based natural coagulants

Cost is an important parameter when choosing the
processes and the substances to be used in environmen-
tal engineering. For all the systems where decisions are
to be made for different processes, a cost-benefit analy-
sis should be done. These analyses reveal which
process and what substances are more feasible for that
particular system [30]. In terms of commercialization,
the bottom line is that it will always be based primarily
on whether the scale-up system can sustain similar
treatment performance at comparable (or reduced) cost
with the natural coagulants when compared with estab-
lished chemical coagulants. There are a few anecdotal
reports that provide the costs of raw materials of the
coagulants but direct comparisons in terms of coagu-
lant types, processing stages, and prices in different
geographical regions are a very complicated task given
the different exchange rates, inflation factor, and vary-
ing accuracies of the costing values [7]. A coagulant
that performs over a large range of pH levels will elimi-
nate the need for pH correction. This in turn reduces

costs by minimizing the need for additional materials
and testing [71]. Despite the lack of evidence regarding
the health effects of residual aluminum, there is an
obvious advantage in developing biodegradable coagu-
lants such as chitosan where cost and performance are
comparable [72].

Bixler and Porse (2010) report the unit price of a
commercial grade alginate used in industrial applica-
tions to be $12/kg. The food grade calcium chloride is
approximately $1/kg. The unit price of industrial
grade chitosan is approximately $19/kg. On the other
hand, the bulk price of alum is approximately $0.3–
0.5/kg (the latter two prices were obtained from the
bulk suppliers in Turkey). In the case of alum coagu-
lation, the pH adjustment and alkalinity addition may
also be necessary that brings some extra cost [56]. One
observation of the study made by Bixler and Porse is,
even though the price of alginate is high, it is used in
much smaller quantities compared to calcium that is
used in this work and alum at its typically used doses
during water treatment. With the prices given above
and assuming that 80mg/L of calcium and 0.2mg/L
of alginate are used and alternatively 3mg/L Al(III)
of alum is used to treat the same water, it is calcu-
lated that coagulation with calcium alginate would
cost about eight times higher compared to alum [73].
In this calculation, chemical cost typically required for
pH adjustment during alum coagulation was not
taken into account. Even though it looks expensive, it
is believed that it could be possible to reduce the cost
of calcium alginate coagulation by increasing the
effectiveness of the system using alginate of better
and more suited quality for the work to be done [73].

Table 5
Recent works done on the treatment of water using non-plant-based coagulants

Coagulant Acid used for
dissolving
coagulant

Optimum parameter value Max. removal efficiency Reference

Chitosan 0.1M HCl
solution

pH=7.0�7.5 Turbidity removal (kaolin) = 74.3–
98.2%

[66]

Chitosan 1% Acetic acid Dosage = 5mg/L; chitosan
conditioned by NaHSO4

Turbidity removal (bentonite):
Conditioned chitosan= 83.9%
Unconditioned chitosan= 72.8%

[68]

Alginate – Alginate dosage = 0.001–10mg/L;
CaCl2 dosage = 30–200mg/L
depending on turbidity.

Turbidity removal (smectite) = 98% [6]

Chitosan 0.1M HCl Optimum pH=8.1; Optimum
dosage = 18mg/L

Turbidity removal efficiency (sea
water) = 97.5%

[69]

Chitosan and
Aluminum
sulfate

1% HCl Chitosan dosage= less than 5mg/L;
Al dosage = 13.5mg/L

Residual turbidity below 10 NTU;
Sludge volume ratio = 30–40mL/L

[70]
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In order to compare the cost of chemicals between
alum–polyelectrolyte system and calcium–alginate sys-
tem usage, the alum, polyelectrolyte, calcium and algi-
nate concentrations are selected as 30, 0.05, 120, and
0.4mg/L, respectively. The values for alum and poly-
electrolyte are the concentrations being used in IWTP
for all initial turbidity values in the range of 5–100
NTU. Whereas, the concentration values of calcium
and alginate are determined as a result of the 80 NTU
of initial turbidity experiment, which is considered as
the most efficient case [30]. Table 6 gives the unit
prices of these chemicals. The prices stated in Table 6
are taken from the firms Türk Henkel and Interlab,
Turkey. Table 7 summarizes the total chemical costs
of both systems to meet the desired residual turbidity.

As it can be seen that chemical cost of both of the
systems are comparable, this proves that calcium–algi-
nate system can be used as an alternative coagulant.
Moreover, it should be stated that these cost values
are calculated by considering only the chemical costs
and not operational costs and costs associated with
further treatment of sludge originating from coagula-
tion–flocculation process. Although operational costs
of both of the systems are close to each other, the cost
of sludge handling is expected to create huge differ-
ences. Because, it is known in general that the sludge
originating from alum–polyelectrolyte system is in
much higher quantities, it is very difficult to be trea-
ted. However, the calcium–alginate sludge is expected
to be in much smaller quantities which can be han-
dled easier to decrease the treatment cost [30].

5. Availability

The usage of these natural coagulants is currently
restricted to small-scale projects and academic
research, for the reason that the knowledge about har-
vesting of these coagulants were not familiar in the
past decades. Chitosan, itself, is not a product that
occurs in nature but it can be biodegraded within two
months in farming soils in the summer [74]. Recently,
the major production of alginate is carried out in
Asia-Pacific, Europe, and Americas. Therefore it is
possible that alginate can be produced in large quanti-
ties. Many industrial applications rely on this world-
wide production. The world market of alginate
production reached to about 30,000 tons in 2009 which
showed about 25% expansion compared to the pro-
duction in 1999 [33]. Therefore, it seems that these
coagulants are available for industrial applications
including water treatment.

6. Conclusion

In recent days, more researches are being done on
the natural coagulants due to the detrimental nature
of the synthetic coagulants. Natural coagulants are
eco-friendly and does not cause any harm to the con-
sumers. Plant-based coagulants are also advantageous,
but in some cases it does not serve the purpose due to
its organic nature. Knowledge on the extraction tech-
niques of these materials is not adequate and is con-
fined to some particular areas. So, the researchers
should shell out their attempts to realize the true
value of these non-plant eco-friendly materials that
can be made use of in all applications of water
treatment.
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