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Abstract

Coagulation is a critical step in water and wastewater treatments that is essential for the removal of suspended solids, organic
matters, and colloidal particles. Conventional metal-based coagulants such as aluminium sulphate, ferric chloride, and
polyaluminium chloride and synthetic polymer such as polyacrylamide are widely used due to their proven efficiency. However,
concerns over their environmental impact, including the generation of non-biodegradable sludge, potential health risks, and
negative impact on the water ecosystem, have driven the search for alternative, eco-friendly coagulants. Natural coagulants derived
from plants, animals, or microorganisms have emerged as promising alternatives, offering advantages like biodegradability, non-
toxicity, and lower sludge production. Among these, polysaccharide-based coagulants such as alginate, a biopolymer sourced from
brown seaweed and bacteria, have gained significant attention. Alginate's biodegradability, non-toxicity, low cost, and versatile
gelation properties make it a potential substitute for synthetic coagulants. This review focuses on the use of alginate as a coagulant-
aid, providing an overview of its sources, characteristics, coagulation mechanisms, and variables that affect the coagulation
performance. The review also highlights the benefits, challenges, and future research directions for improving the efficiency and

scalability of alginate in sustainable water/wastewater treatment processes.

Keywords: alginate, coagulant-aid, sustainability, natural coagulant, wastewater treatment

1. INTRODUCTION

Coagulation is a fundamental step in water and
wastewater treatments, playing a crucial role in the
removal of suspended solids, organic matters, and
colloidal particles that contribute to water turbidity
and contamination. Coagulation would induce
aggregation of colloid into larger flocs that can be
casily separated using sedimentation and filtration.
Although other water and wastewater treatment
technologies such as adsorption [1][2], membrane
filtration [3], advanced oxidation process [4], and
biological treatment [5] have been developed and
used; coagulation remains a favourable option due
to its simplicity and high effectiveness. During
coagulation, inorganic metal-based coagulant, both
in salt and polymer form, such as aluminium
sulphate (Aly(SO,);), ferric chloride (FeCly),
polyaluminium chloride (PAC), and polyferrous
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sulphate (PFS) is commonly used in water/
wastewater treatment due to its high efficiency and
proven effectiveness [6]. Other than metal-based
coagulants, polymeric synthetic organic flocculants
such as polyacrylamide (PAM) and
polydiallyldimethylammonium chloride
(PDADMAC) are commonly added to improve the
coagulation performance.

Although those previously mentioned coagulants
are highly effective, there are some drawbacks
regarding the environmental impact and health-
related concerns [7]. It is known that inorganic
coagulants generate a large volume of non-
biodegradable sludge that could lead to disposal and
health problems, due to its carcinogenic nature. The
increase of aluminium content in the treated water
is also linked with the possible cause of several
degenerative diseases such as dementia and
Alzheimer’s [8]. Numerous studies have raised
concerns about the potential toxicity associated with
PAM, PDADMAC, and its
monomers. Harmful effects on various organisms,

derivatives or

including microorganisms [9], freshwater species
[10], fish embryos [11], as well as human health
[12] and water toxicity [13] have been reported.
Due to these various drawbacks, there is a
growing interest in recent years to find more
environmentally friendly and sustainable alternative
coagulants and coagulant-aids. Natural coagulants,
that come from animal, plant, or microorganism
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Figure 1. Chemical structure of (a) f-D-mannuronic acid, (b) a-L-guluronic acid, and (¢) molecular
structure of sodium alginate.

[14], have emerged as a promising alternative to
overcome those drawbacks. As it comes from
natural resources, natural coagulants offer some
advantages such as biodegradability, less toxic,
lower coagulant cost, and lower sludge volume
production [15]-[17], reducing the environmental
burden associated with residual sludge and water
contamination. Based on the active coagulating
agent, natural coagulants can be classified as
proteins, polysaccharides, and polyphenols. Protein-
based natural coagulants are typically derived from
nuts and legumes and are often applied in their
crude extract form as an alternative to inorganic
coagulants [18]-[21].
challenge persists in its use, particularly in terms of
protein extraction and purification, which still needs

However, a significant

to be addressed. Conversely, polyphenol-based
natural coagulants, with tannic acid as the active
coagulating agent, are also commonly utilized [22]
[23]. However, research in this area remains
limited, highlighting the need for further
exploration and study. Lastly, polysaccharides, such
as starch [24], gum [25], pectin [26][27],
chitosan [28] demonstrate promising potential for
use as natural coagulants or coagulant-aids due to
its high availability and abundance.

One of the most promising polysaccharides is

and

alginate, typically derived from brown seaweed and

bacteria. Alginate presents
including its biodegradability, non-

several numerous
advantages,
toxicity, and excellent
biocompatibility [29]. Its unique gelation properties

further enhance its versatility, making it highly

low production cost,

suitable for a wide range of applications. These
applications additives and
packaging materials to tissue engineering, drug

span from food

delivery systems [29], hydrogels, and composite
materials for wastewater treatment [30]. Notably,
and

alginate's combination of eco-friendliness

functional properties makes it a promising
alternative of synthetic coagulant-aid and enhancing
the efficiency of the coagulation process.

Several review papers regarding the sodium
alginate’s application in wastewater treatment have
been reported in recent years [31]-[37]. Rafiee [34]
potential applications of

treatment,

highlighted various

alginate in wastewater especially
adsorption of dyes and heavy metals, as well as the
combination of alginate and microalgae for
pollutant removal. Guo et al. [35] discussed the
modification of alginate-based materials (such as
hydrogel, aerogel, nanofiber, etc.) with application
for antibiotics, dyes, heavy metal ions, and
radioactive  materials removal from water/
wastewater. Combination of alginate with cellulose

[32] and chitosan [33] has also been discussed for
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their remarkable performance in wastewater
treatment. Furthermore, the application of alginate
as coagulant or coagooulant-aid has been partly
discussed in other review papers [36][38][39].
However, to the best of the authors’ knowledge,
there is no such paper that provides an in-depth
discussion regarding the recent advances of the use
of alginate as coagulant-aid in water/wastewater
treatment. This review explores the potential
sources of alginate and examines its characteristics
and properties. It provides a detailed analysis of
alginate's coagulation mechanism, supported by a
discussion of wvariables that influence the
coagulation performance from recent studies.
Furthermore, the review also highlights the benefits,
challenges, and prospects of using alginate as a
coagulant or coagulant aid, identifying key areas for

further investigation.

2. ALGINATE: SOURCE,
CHARACTERISTICS, AND PROPERTIES

Alginate is a naturally occurring biopolymer,
predominantly extracted from brown seaweed
(Phaeophyceae) such as Laminaria, Ascophyllum,
and Macrocystis species [40]. It is a polysaccharide
composed of repeating units of B-D-mannuronic
acid (M unit) and a-L-guluronic acid (G unit)
arranged in homopolymeric (MM or GG blocks) or
heteropolymeric blocks (MG blocks), as illustrated
in Figure 1. Besides seaweed, certain bacterial
species like Pseudomonas sp. and Azotobacter sp.,

especially P. aeruginosa and A. vinelandii can also
produce alginate as an exopolysaccharide, offering
an alternative microbial source [41].

Depending on the source and its production, the
molecular weight of alginate might vary between
32,000 to 400,000 g/M [42]. This feature is an
important factor that affects the gel formation and
viscosity of the gels [43]. The solubility of alginate
in water depends on the metal cations bound into
the alginate structure. While alginic acid is
insoluble in water, the potassium, sodium, and
ammonium salt of alginate is are known to be the
soluble in water at cold or hot temperature [44],
among of these, sodium alginate is commonly used
as coagulant aid due to its availability. On the other
hand, the presence of divalent and trivalent metal
cations, such as Ca*", Zn*", Fe**, and AI*" result in
alginate gels via the formation of egg box structure
[45]. In this structure, the guluronic acid blocks
preferentially bind to the cations, creating a stable
gel network. The chemical structure of alginate,
particularly the ratio and distribution of M and G
blocks, significantly impacts its properties [46].
Alginates rich in G-block tend to form stronger,
more rigid gels, while those with higher M-block
content produce softer, more elastic gels [47]. The
presence of carboxyl groups in the alginate
structure [48], as well as the composition of G/M
blocks and gelling properties are playing the
important role for its application as coagulant/
coagulant-aid.

=

/?O/H\no\/\/\

H

P = colloid particle

Figure 2. (a) Egg-box structure of calcium ions and alginate (adapted from [54]) and (b) gel network of
calcium alginate that trap colloid particle (adapted from [55]).
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Figure 3. Coagulation mechanism involving alginate as coagulant-aid.

3. SODIUM ALGINATE’S APPLICATION AS
COAGULANT-AID

In this section, the coagulation mechanism, the
effect of wvarious coagulation variables to the
alginate performance as coagulant aid is discussed.

3.1. Coagulation Mechanism

The utilization of calcium ion together with
sodium alginate followed the charge neutralization
interparticle  bridging mechanism. The
positively charged calcium ion can neutralize the

and

negatively charged colloid, which resulted in
colloid destabilization via charge neutralization
mechanism, as reported in humic acid [49] and
microplastic [50] coagulation. The calcium ions
need to be added first to make sure the calcium ions
interact and reduce the colloid charge [51]. After
that, the sodium alginate addition to the colloid
system would interact with the calcium ions via G
units of the alginate structure, forming the egg-box
structure, as illustrated in Figure 2(a). In this stage,
the alginate would perform as a bridge between
particles, i.e interparticle bridging. On the other
hand, there is another opinion regarding the
coagulation of calcium alginate via a gel formation
that can entrap colloid particles, illustrated in Figure
2(b), and result in floc formation [52]. This
mechanism is similar to sweep flocculation of
inorganic coagulant, where the colloid particles are
entrapped and settled together with hydroxide

precipitates such as Al(OH); and Fe(OH); of
inorganic coagulant [53].

As previously mentioned, functioning as
coagulant aid, alginate would interact with the
positive species in the solution, i.e. the coagulant, as
illustrated in Figure 3. Combination of alginate with
Aly(SOy)3, FeCls, TiCly, and PAC has been reported
in the literature [56]-[60]. The coagulant would
neutralize the negatively charged colloid particles,
and then interact with the negative carboxylate
functional groups on the alginate structure. The
long alginate chain then acts as a particle bridge
that aids the coagulation-flocculation process. The
order of addition of the coagulant and alginate is
also important. The inorganic coagulant needs to be
introduced first, followed by the sodium alginate
solution. This order will result in a higher
coagulation performance and more compacted
sludge, compared with addition order in reverse, or
in the same time [61].

3.2. Factors Influencing Coagulation Efficiency

There are some important factors that might
influence the coagulation performance, namely pH,
coagulant dose, colloid concentration, and M/G
ratio.

3.2.1. Coagulation pH

The pH of a solution plays a crucial role in
influencing the surface charges of both colloidal
particles and coagulants, making it a key parameter
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Table 1. M and G contents of alginate from several sources.

Source Species Mannuronic acid (%) Guluronic acid (%) M/G ratio Reference
Bifurcaria bifurcata 32 68 0.47 [71]-[73]
Fucus spiralis 48 52 0.92 [71]
Algae
Laminaria digitata 59 41 1.44 [74]
Sargassum vulgare 56 44 1.27 [75]
Azotobacter vinelandii 54 46 1.17 [76]
Pseudomonas aeruginosa 67-76 24-33 2.03-3.16 [77]
Bacteria
Pseudomonas mendocina 74 26 2.92 [78]
Pseudomonas putida 63 37 1.7 [78]

in any coagulation study. The selection of the
optimal coagulation pH is essential, as it directly
affects the electrostatic interactions between
particles and coagulants [62]. Specifically, attention
must be paid to the point of zero charge (PZC) of
both the colloidal particles and coagulants, so that
under the range of pH wused, the attractive
electrostatic force can be favourably occurred,
resulting in the colloid’s charge neutralization.
Sodium alginate solution is known to have negative
zeta potential, a metric that quantify the electrical
potential of the colloid’s interface and the
surrounding fluid [63]. Where at pH 3 to 10, the
sodium alginate’s zeta potential ranges from -12.5
to -32.5 mV [64]. In systems using sodium alginate
as a coagulant aid, the optimal pH is often aligned
with the effective pH range of the primary
coagulant to maximize the coagulation efficiency
[59]. This ensures that sodium alginate enhances the
destabilization of colloidal particles, leading to
better aggregation and improved water treatment
outcomes.

3.2.2. Coagulant Dose and Colloid Concentration

It is known that coagulant dose and colloid
concentration in a solution is proportional to each
other [65]. At a low coagulant dose, there is
insufficient coagulant to effectively neutralize the
colloids’ charge, resulting in low colloid removal.
Conversely, overdosing can result in charge
reversal that makes the colloid suspension to re-
stabilize [66]. Thus, optimum coagulant dose is
needed to obtain the maximum colloid removal
[67]. The addition of sodium alginate as coagulant-
aid has been reported to decrease the dose of

inorganic coagulant. Wu et al. (2012) reported the

addition of 1 mg/L sodium alginate with 4.5 mg/L
Aly(SO,4); gave similar coagulation performance
with Al,(SOy); only at a dose of 6.5 mg/L [57]. A
synergistic effect of sodium alginate with other
coagulants such as PAC [59], FeCl; [68], and TiCly
[56] has also been previously reported. The
presence of sodium alginate as coagulant-aid also
positively  contributes to  floc  formation.
Combination of Aly(SO,4); and sodium alginate gave
a higher growth rate and flocs’ size compared to Al,
(804); only [56,57], which resulted in lower sludge
volume formation [59]. Furthermore, addition of
sodium alginate has also improved the floc strength
and recovery ability [57]. Overdosing of sodium
alginate would result in the decrease of coagulation
performance, due to competition between the
negatively charged alginate and colloid particles to
bind with the positively charged coagulant [59].
Furthermore, overdosing of sodium alginate also
resulted in smaller flocs, that resulted from
repulsion between micro flocs that hinder formation
of bigger aggregate [57]. This phenomenon is
similar to other coagulant-aids [25][69][70]. Thus,
optimization study to find the best dosing scenario
is needed for each different water/wastewater

characteristics.

3.2.3. M/G Rasio

Other than two factors above, the composition of
alginate also plays an important role during
coagulation. According to Moral et al. [54], the G
content in the alginate structure plays an important
role in the coagulation performance. They
demonstrated that low G content (26% G) gave very
low coagulation performance due to insufficient
binding with calcium ions. Excessive G content (73
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—76% G) also decreases the coagulation
performance as there is competition with the colloid
particles to bind calcium ions, making gels and the
precipitate. During this, the alginate cannot be
adsorbed onto the particle and lowering the
formation of interparticle bridging. It is reported
that the best G block content is around 54-56%
[54]. The M and G content of alginate from several
algae and bacteria is presented in Table 1. It can be
seen that the M and G content varies between
species of algae and bacteria. However the algae’s
alginate tends to range from 0.47 to 1.44, while
bacterial alginate contains lower G content. This
knowledge can be useful for choosing the source of

alginate for coagulant-aid application.

3.3. Performance of Alginate as Coagulant-aid
Relevant studies that utilized alginate as
coagulant-aid are presented in Table 2.
Combination of alginate with coagulant such as
PAC, AICl;, Aly(SOy)s, FeCl;, and CaCl, has been
reported to treat various types of water or
such as, turbidity, dyes,
wastewater, leachate, and microplastic suspension.

wastewater textile
The coagulation performance, indicated by turbidity
or pollutant removal, varies due to several factors.
One major factor is the type of coagulant and its
dose. For example, high removal efficiency (>
98%) was generally observed with CaCl, or AlCl;
in synthetic or low-complexity dye wastewater,
where alginate can form strong ionic bridges due to
divalent or trivalent cation cross-linking. The pH of
the system also plays a critical role; optimal
coagulation typically occurred near neutral pH (6.5
—7.6), where alginate maintains high solubility and
functional group availability for floc formation.
Another key factor is the wastewater complexity.
For instance, landfill leachate showed lower
removal efficiencies (54—80%), likely due to the
presence of competing organic and colloidal
substances, which hinder effective coagulation and
flocculation. The dose of alginate also influences
performance; too low may be insufficient for
bridging, while excess alginate can lead to re-
stabilization of particles. Moreover, studies that
used humic acid or reactive dyes with low
molecular weight organics reported moderate
removal efficiencies (66—-85%), indicating that the
interaction mechanism between alginate and

dissolved organic matter may be less effective
compared to particulate or dye-laden wastewater.
This highlights the importance of optimizing
coagulant:coagulant-aid ratios and adjusting the
coagulation condition to the specific characteristics
of the wastewater.

Further comparison of alginate performance with
other polysaccharides that act as coagulant-aid is
presented in Table 3. Sodium alginate, combined
with inorganic coagulants, can achieve turbidity
removal up to 99%. This performance is
comparable with other natural coagulant-aid such as
sesbania seed gum (98.3%) or pectin (99.6%). The
required alginate dose is also within the same range
as other coagulant-aids. This comparison shows
alginate’s potential as a natural coagulant-aid,
though direct comparative studies are still needed to
fully evaluate its relative performance.

4. RECENT STRATEGIES TO IMPROVE
ALGINATE’S COAGULATION
PERFORMANCE

To improve the coagulation efficiency of
alginate, several strategies can be implemented,

namely modifying alginate by introducing

copolymers into the structure  and

incorporating magnetic

alginate
nanoparticles to the
coagulation system.

4.1. Alginate modification as coagulant/ flocculant
There are several studies that explored the
modification of alginate by introducing cationic
groups via grafting, crosslinking, or other methods.
Several chemicals that has been used as copolymer
such as acrylamide [79],
methacryloxyethyltrimethyl ammonium chloride
[80], polyacrylamide  [81], poly  (N,N-
dimethylacrylamide) [82], 3-chloro-2-
hydroxypropyltrimethylammonium chloride [83].
Modification of sodium alginate has been reported
to increase its flocculation performance, due to the
dangling copolymer structure has a better
approachability to the colloid particles that result in
a more effective bridging mechanism [79].
Furthermore, the positively charged quaternary
ammonium groups on the modified alginate can
interact with the colloids via charge neutralization
mechanism [80]. Illustration regarding the grafting
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of sodium alginate with copolymer is presented in S = v ol
Figure 4. The commonly used reaction by using a gLz 2
radical initiator such as persulfate ion (szogz') with - O N RS
external energy source such as microwave or § I R
ultrasonic irradiation that would initiate the reaction g @
(Figure 4(a)). Those radicals would attack the =2 e % w2~ o
hydroxide functional groups of alginate structure, ST nm Y s
resulting in oxygen radicals that would react with )
the copolymer. A more detailed discussion &
regarding the modification techniques on sodium %
alginate has been discussed in previous review E = AR 2 2 o
papers [35][37]. ) o
£

4.2. Addition of magnetic nanoparticles to the %ﬁ
coagulation system _

One of the drawbacks of coagulation- én
flocculation is the long settling time to separate the g
flocs from the treated water, that typically 1 to 2 h % - 0~
settling time is needed. The long settling time is E ST gf: oo
proportional to the clarifier size that is needed for E -
flocs sedimentation. This challenge can be En
overcome by incorporating magnetic nanoparticles S

such as Fe;O4, a-Fe O3, and y-Fe,O;[17][99]. For
this purpose, magnetic coagulant can be first
synthesized by dispersing the magnetic nanoparticle
into the coagulant solution [100]. Tang et al (2019)
reported that during this step, interaction between
Fe;0, and PAC coagulant could occur via an
oxygen bridge [101]. After the dispersion step, the
magnetic coagulant is added to the system, followed
by sodium alginate as coagulant-aid. Suhardi et al.
(2024) reported the synergistic combination of
coagulant, magnetic nanoparticles, and sodium
alginate has resulted in significantly lower settling
time, 20 min, compared to coagulation that only
used PAC (60 min), while increasing the
coagulation performance from 48 to 81% of Congo
red dye removal [59]. The schematic illustration of
magnetic coagulation with the presence of sodium
alginate is presented in Figure 5(a). Similar to the

Synthetic kaolin wastewater 300 NTU

Sidi Said Maachou dam water Turbidity 100 NTU
Synthetic kaolin wastewater 0.4 g/L

Inlet of Sultan Idris Shah II water treatment plant 285 NTU
Inlet of Fofanny water treatment plant 26.5 NTU

Wastewater Characteristics
Campo river water 69 NTU
Synthetic turbid water 100 NTU

coagulation mechanism discussed previously in

Table 3. Comparison of alginate performance with other polysaccharide as coagulant-aid.

Section 3.1., the alginate acts as particle bridge, 2 e gn =
resulting in bigger floc formation (Figure 5(c)), £ E-F% e &
compared to magnetic coagulant only (Figure 5 %ﬂ %ﬁ § z E" 5 §
(b)). Additionally, it is possible to separate the S £ ol gn E %
magnetic nanoparticles for regeneration and reused = '§ "g E é + ‘i +
to improve its sustainability. While these results are % + b :f x Sr‘ j: g
promising, the application of magnetic coagulation 203550 20 <
remains largely limited to laboratory-scale studies, shle << < é <
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Figure 4. Sodium alginate grafting reaction with (a) methacryloxyethyltrimethyl ammonium chloride [80]
and (b) acrylamide [98].

with minimal exploration at the pilot or industrial
scale. Furthermore, the integration of alginate in a
magnetic coagulation system has been scarcely
investigated, underlining the need for further
investigation into its specific interactions and
functional role within such systems. A more
comprehensive overview of magnetic coagulation
systems and their potential application has been
covered by several recent review papers [17][102]-

[104].
5. CHALLENGES AND OUTLOOK

Although alginate has shown a great potential for
its application as coagulant-aid, there are some
challenges that need to be overcome before its
further utilization and commercialization. It has
been shown previously that the composition of G
and M block in the alginate structure played an
important role during coagulation. As previously
discussed, alginate can be derived from different
such as brown seaweed and several
bacteria.  Furthermore, its production and
purification steps also affect the quality of the
alginate produced [105]. These variations can lead
into the variability of alginate composition,

sources,

molecular weight, and its ability to interact with
metal cations. Thus, further
application of sodium alginate from various sources
along with information of its characteristics as
coagulant-aid is needed. This information can be
important to establish a standard and criteria of
alginate properties for coagulant-aid application.
Another key issue is the availability and the price

study regarding

of alginate. In online marketplace, price for sodium
alginate is ranging from US$ 5-15/kg depending on
its quality and grade. This price is higher than
polyacrylamide, ranging from US$ 1-2/kg. Similar
issues of cost have been raised by other researchers,
where the cost of natural coagulant or coagulant-aid
is still higher than commercial inorganic/ synthetic
coagulant [18][106][107]. The high cost can
become a hindrance that make industries reluctant
to shift from inorganic coagulant to natural
that need further attention from
regulators. Several strategies can be employed to
reduce the cost of alginate production. These
include production of alginate from bacterial

coagulant

sources, utilization of seaweed waste, and process
intensification-optimization in alginate production.
Bacterial alginate offers some advantages, including
yield and properties,

controlled alginate
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reproducible physicochemical properties [105], and
the potential use of carbon-rich waste and industrial
byproducts as fermentation substrates, which could
lower the production cost and enhance
sustainability [41]. Additionally, the valorization of
underutilized seaweed waste, such as Laminaria
roots, has demonstrated cost-effective potential for

alginate  production [108]. Lastly, process
intensification and optimization of production
process can lead to more efficient alginate

production by minimizing the consumption of
energy, utility, chemicals, etc. that resulted in a
more economically viable and environmentally
friendly production system [109]. Furthermore,
most of the studies that used alginate as coagulant-
aid are limited to laboratory scale, thus its
application in pilot and industrial scale needs to be
investigated, to validate its performance for real

water/wastewater treatment, as well as evaluating
its economic feasibility. In general, such pilot and
industrial scale study of natural coagulant and
coagulant-aid remain scarce [14][17][103],
highlighting a valuable opportunity for future
studies.

There is a limited study on the characteristics of
sludge generated from the use of alginate as
coagulant-aid, particularly in terms of its
dewatering properties, biodegradability, and the
long-term environmental impacts. Furthermore,
there is no information regarding its interaction
with ecosystem and degradation byproducts,
especially for modified alginate products. This
poses uncertainties regarding their ecological
effects. there is also a promising
opportunity to valorise the alginate-based sludge

such as feedstock for biogas production [110],

Moreover,
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organic fertilizer in agriculture [111], and soil
preservation [112]; depending on the content of the
sludge. These applications could enhance its
sustainability and contribute to the principles of
circular economy. Finally, a comprehensive study
regarding its environmental, economic, and social
impact via life cycle assessment (LCA) is
necessary. Although there are some studies
reporting the LCA for alginate production [113]
[114], as well as other applications using alginate
[115][116], there are no such studies available
regarding the use of alginate as coagulant-aid. On
the other hand, there are some studies regarding
LCA of natural coagulant and coagulant-aid in
water/wastewater treatment. These studies have
affirmed that the use of natural resources gave low
environmental impact due to chemical
consumption and more simple coagulant production
[117][118]. This absence of LCA in the context of
alginate as a coagulant-aid highlights a clear niche
for future research. Conducting LCA study can give
a clear cradle-to-grave cycle of alginate application
as coagulant-aid, from its extraction and production
to sludge disposal with potential reuse, ensuring

low

that the adoption of alginate as coagulant-aid in
water/ wastewater treatment aligns with long-term
sustainability goals.

6. CONCLUSION

In this review, we have explored the potential of
alginate as a coagulant-aid in water and wastewater
treatment. Alginate can be extracted from various
sources, such as brown seaweed and certain

bacteria. However, optimizing the production
process to yield alginate with a high G content is
crucial for its effective use as a coagulant-aid.
Sodium alginate, in particular, has been directly
applied in treatment processes, and its performance
has been demonstrated across a range of
applications. Several efforts have been employed to
improve the alginate’s efficiency, including
incorporation of copolymer and the use of magnetic
nanoparticles in coagulation. While alginate shows
significant promise as a coagulant aid, there are
some challenges for its commercialization, such as
its availability and price, the issues regarding sludge
characteristics, long-term use, and sustainability,

that need to be addressed in future studies.
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