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The most popular and conventional method for water treatment (WT)  is the use of chemical-based coagulants including

ferric chloride (FeCl ), alum (AlCl ), synthetic polymers (polyacrylamide), and poly aluminum. However, the use of this

approach is not sustainable as it leads to the production of a large volume of non-biodegradable sludge. Natural

coagulants, on the other hand, serve as an alternative sustainable strategy for the removal of turbidity and WT, as they

are cheap, safe, and biodegradable. Natural coagulants are derived from three major sources, which include plants,

animals, and microorganisms.

Keywords: biodegradable ; sustainable ; cost-effective ; eco-friendly

1. Water Treatment Using Chemical Coagulants

The application of chemicals in removing colloidal impurities in water is referred to as chemical coagulation, whereas

flocculation is the formation of flocs as a result of neutralizing the charge . The most popular and generally used

chemical coagulant in WT is ‘alum’, of which the chemical formula is KAl (SO4) ·12H O and the chemical name is

potassium aluminum sulphate. At a pH of 8.0 and a concentration of 450 mgL , alum eliminates 99% of the color from the

turbid and water . When combined with other coagulants, alum’s potency increases. For instance, when aluminum

sulphate was combined with poly ferric sulphate (PFS) and polyacrylamide (PAA), the chemical oxygen demand (COD)

removal efficiency increased from 68% to 82% . In a previous study, ferric chloride/iron (III) chloride at a pH of 6.0 was

used as a coagulant to reduce the COD levels of water from the cosmetic industry by 63.9% . Ferric chloride was also

used to treat water from molasses and was reported to reduce the color and COD by 96% and 86%, respectively .

Chemical coagulants are effective at minimizing the chemical and biochemical oxygen demand, as well as oil and grease

. In another study, for the treatment of black liquor water, several chemical coagulants including aluminum chloride,

poly-aluminum chloride, and anionic PAA (polyacrylamide) were used. The composite could eliminate 95% of total

dissolved solids (TDS), 88% of the color, and 80% of COD . These methods utilize additives (chemicals) to segregate

small-sized particles in large flocs prior to their removal via sedimentation . Poly-aluminum chloride and poly-

titanium chloride can reduce the water turbidity from 7.0 NTU to 1.2 NTU . Poly-aluminum ferric chloride at a

5mg/L concentration and pH of 7.5 can eliminate the color and turbidity from water by 86 and 100%, respectively, at pH of

7.5. Similarly, water turbidity can be reduced from 9 NTU to less than 1.0 NTU in a short span of 15 min using polymeric

zinc-iron-phosphate .

Thus, chemical coagulants have a number of benefits as they are easily obtainable and can operate over a broad pH

spectrum. They can be used alongside additives for long-term storage and increased efficiency. Other benefits include

higher efficiency at low concentrations, easy water dissolvability, and the removal of turbidity and microorganisms such as

E. coli by 99%. However, it is also true that the use of chemical coagulants jeopardizes the environment and human

health. They are known to persist in water until the coagulation process is over, are not biodegradable, and, as a result,

treated water contains traces of these chemicals , which leads to various neurological disorders including

Alzheimer’s disease , dementia, encephalopathy, and Hippocampal neuron staining. Aluminum traces may cause

diseases such as Down’s syndrome and Parkinson’s disease, convulsions, and even death . Moreover, high

operational costs, the large quantity of sludge, and the cost of disposal are some of the limitations of chemical coagulants

.

2. Emerging Use of Natural Coagulants

Considering the global issues related to chemical WT (being expensive, toxicity to humans and the environment, corrosive

and carcinogenic nature, altering the pH of treated water, producing hazardous and non-biodegradable sludge, high

disposal costs, etc.) , there is a need to explore other possible measures so as to reduce the ill effects of such

coagulants on the ecosystem . Thus, there has been a recent paradigm shift in water and WT, which encouraged
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industries to improve the culture of water operators in adopting and implementing sustainable development in their

activities. Among functional practices is the replacement of chemicals with natural substances in WT processes, which

has led to decreased environmental effects in terms of production, consumption, and secondary waste management.

Natural coagulants are polyelectrolytes, which can be anionic, cationic, or neutral polymers . They are safe and cost-

effective with a great capacity to maintain the pH of the water being treated. Unlike chemical coagulants, natural

coagulants do not increase the metal load during treatment and are characterized by the generation of a low volume of

sludge, thereby making the cost of disposal very low , due to which they are a sustainable alternative to chemicals.

Earlier research proved the effectiveness of natural coagulants in WT applications .

2.1. Sustainability of Natural Coagulants

Sustainability is the mode of development that fulfills the needs of current and future generations . Although the crucial

factor in the treatment of water is performance efficiency, the reliability of technology is also essential as per the concept

of sustainability asserted by the United Nations. Thus, the concept of sustainability involves a combination of social,

environmental, and financial aspects .

The social aspect of the sustainability of natural coagulants involves industrial acceptance and public health improvement.

Industrial acceptance encompasses the ability of natural coagulants to provide results similar to chemical coagulants and

be used as an alternative. However, due to the lack of real or pilot-scale use of plant-based coagulants and the lack of

approval and regulatory guidelines in the treatment of potable water, industries hesitate to adopt natural coagulants. WT

using natural coagulants, especially in rural areas, may facilitate health and hygiene and improve the living standards of

all individuals (Figure 1). The technical aspect of sustainability involves treatment efficiency, product stability, availability

of materials, and compatibility with other techniques. Several natural coagulants have been time-tested and proven to be

very efficient in the treatment of water and wastewater. Due to their natural origin, natural coagulants are considered safe

and non-toxic. However, the toxicity of organic coagulants in humans and the environment still remains unclear, and there

is a need to confirm their environmental safety. Thus, meticulous selection and dose optimization of efficient natural

coagulants could provide promising results in WT and may act as a substitute for chemical coagulants. As discussed

previously, natural coagulants offer reliability and robustness, are easily available, and can be obtained from a wide range

of sources such as plants, microorganisms, or animals . However, their susceptibility to biodegradation by

microbial or other environmental factors adversely affects their long-term storage (shelf-life) and commercialization .

Environmental sustainability criteria involve the utilization of biodegradable and plant-based coagulants that are eco-

friendly and capable of generating biodegradable sludge , which can be used for several other purposes such as

agricultural practices, landfills, and in civil engineering industries .

Figure 1. Sustainability criteria of natural coagulants.

The economic aspect of sustainability involves the use of cost-effective coagulants for WT. However, this claim is

dissatisfactory as it does not address several other factors such as the cost of processing and maintenance or the

variation due to geographical regions. Hence, the cost advantage of natural coagulants over chemical coagulants has not

been well addressed. Therefore, one efficient strategy to increase the economic sustainability of natural coagulants is to

use a combination of coagulants in order to compensate for the procurement cost and consumption demand along with

the synergistic increase in clean-up efficiency . Hybridizing natural coagulants with other coagulants to lower their

utilization cost is an additional method to enhance the economics of WT. In contrast, the use of versatile natural

coagulants may also result in a reduction in overall costs because many treatment functions can be carried out with a

single substance in a single treatment unit. Moreover, as the majority of stated claims were based on lab-scale
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experimentation, it is challenging to translate the advantages of employing natural coagulants, such as the ‘creation of

fewer sludge’ and ‘no need for pH adjustment’ into economic benefits. The ‘cost-effectiveness’ that is tangentially related

to the advantages of employing natural coagulants must be more thoroughly evaluated in pilot studies. Because there has

not been a thorough analysis of the total expenses of the coagulation process from extraction to the effects on other

treatment units, the researchers cannot draw conclusions on the economic aspect of natural coagulants .

2.2. Plant-Based Coagulants

Coagulants derived from plants are more readily available than those from either animals or microorganisms . There

are sufficient reports on the deployment of various plant-based products such as bagasse , banana peels ,

Jatropha curcas L. , and Moringa oleifera  for the treatment of polluted water. Macromolecules including proteins,

polysaccharides, and some functional groups are known to promote the process of adsorption, polymer bridging, and

charge neutralization . They are usually effective in the treatment of water, with medium turbidity in the range of 50–500

NTU. However, the efficacy of natural coagulants can be enhanced through the optimization of the extraction and

purification processes of coagulants . Therefore, the proper extraction process using plant-based materials can exhibit

better performance in the coagulation process, leading to greater/higher waste removal efficiency.

Some of the most widely used plant-based coagulants include Moringa oleifera Lam. (seeds), Cicer arietinum L. (seeds),

Azadiracta indica A. Juss. (leaves), Cactus latifolia L.(leaves), Pisum sativum L. (seeds), Vigna mungo L. (Hepper)

(seeds), Arachis hypogea L.(seeds), Zea mays L. (seeds), Dolichos lablab Linn. (fruits), Phaseolus vulgaris L. (seeds),

etc. . In addition to these, seeds of nirmali are also the source of anionic polyelectrolytes, and their carboxylic

acid (–COOH) and hydroxyl (–OH) groups boost the effectiveness of coagulation. Galactomannan and galactan,

polysaccharides from the seeds of Strychno spotatorum L.fil., are potent enough to decrease water turbidity by 80%.

Moreover, plants such as Acacia, Catenae, and Schinopsis can also be used to remove contaminants from water as they

possess naturally occurring tannins . Species of cactus such as Opuntia latifaria L. are also used as natural coagulants

as they contain certain compounds, such as d-galactose, d-rhamanosei, d-xylose, l-arabinose, and galacturonic acid,

which are responsible for the bridging action with contaminants in water during the coagulation process . The fruit of

Prunus armeniaca L. has also been reported for its use as a purifying agent in ancient periods in countries such as Egypt

and China, historically dating back to the 1100s . The form of natural coagulants used in the coagulation process can

also influence turbidity removal efficiency. For example, when the seeds of Tamarindus indica L. were blended in water

, it was more effective than the water extract derived from ground seeds . In addition to turbidity removal, the

common bacteria present in surface water (e.g., Escherichia coli) can also be eliminated . The wastes of many fruits

possess coagulation properties, whereas some exhibit antimicrobial activity due to the presence of saponins, phenols,

and flavonoids . It was reported by  and  that the colloids present in the leaves of H. undatus Haw. resemble

those present in the seeds of M. oleifera Lam. and are cationic in nature. The processes of colloid adsorption and

neutralization of the charge are considered feasible means of coagulation, which results in the formation of flocs. Table 1
summarizes the reports on the use of natural coagulants in WT and their relative pollutant removal efficiency.

Table 1. Plant-based natural coagulants used in the treatment of polluted water.

Coagulant Part
Used

State of
Coagulant

Opt.
Dosage Removal Efficiency (%) References

M.oleifera Lam. (Drumstick) Seeds Powder 0.2 gL Turbidity removal (61.60%);
COD removal (65.00%)

M.oleifera Lam. (Drumstick) Seeds Deoiled
powder

6000
mgL TSS removal (95%)

M.oleifera Lam. (Drumstick) Seeds Powder 500 mgL Turbidity removal (96.80%)

M.oleifera Lam. (Drumstick) Seeds Powder 0.6 gL Turbidity removal (82%), COD
removal (83%)

M. oleifera Lam. (Drumstick) Seeds Stock
solution 0.3 mgL Cu and Cd removal (98%); Pb

removal (78%)

M.oleifera Lam.
(Drumstick) and alum Seeds Solution 70 and 80

mgL

COD removal (50.41%);
Turbidity removal (86.14%);
TSS removal (81.52%)

M.oleifera Lam.
(Drumstick) and alum Seeds Stock

solution
50 mgL

each
BOD removal (80.67%); COD
removal (66.73%)
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Coagulant Part
Used

State of
Coagulant

Opt.
Dosage Removal Efficiency (%) References

M.oleifera Lam.
(Drumstick)
Cicer arietinum L. (Chickpea)

Seeds Powder 50 mgL

Turbidity removal M. oleifera
(82.2%);
Chickpea (81.2%);
Cactus (78.54%)

M. oleifera Lam. (Drumstick)
and Musa acuminate L. (Banana
peel)

Seeds Powder
200 and

400
mgL

Pb removal (81%); Ni removal
(74%); Cd removal (97%)

Malus sylvestris L.
(European crab apple) and
aluminum sulphate

Seeds Stock
solution

62.5 mgL Turbidity removal (66%)

Cyamopsis tetragonoloba L.
(Taub.) (Guar) Gum Powder 300 mgL Turbidity removal (67.82%)

P.ovata (Psyllium) and
PAC Husk Powder 0.4 and 7.2

gL
Color removal (90%); COD
removal (96%)

Parkia biglobosa Jacq. (Locust
bean) Gum Powder 300 mgL Turbidity removal (67.82%)

Ocimum basilicum L. (Basil plant) Seeds Stock
solution

1.6 mgL Color removal (68.50%); COD
removal (61.60%)

Opuntia ficus Linn. (Miller)
(Cactus) Mucilage Powder 150 mgL Turbidity removal (49.56%)

Plantago major Linn. (Carls)
(Broadleaf plantain) Mucilage Powder 297.6

mgL
Color removal (92.4%); COD
removal (81.60%)

Hibiscus rosasinensis Linn.
(Carls) (China rose) and alum Seeds Powder

500 and
400 mgL

Turbidity removal;
Hibiscus (60%);
Alum (100%)

Trigonella foenum L. (Fenugreek) Seeds Powder 0.1 gL Turbidity removal (58%); COD
removal (63%)

Abelmoschus esculentus L.
(Okra) Mucilage Powder 3.2 mgL Turbidity removal (97.24%);

COD removal (85.69%)

Abelmoschus esculentus L.
(Okra) and Iron (III) chloride hexa
hydrate

Mucilage Stock
solution

2.5 mgL Turbidity removal (74%)

Cicer arietinum L. (Chickpea) Seeds Powder 2 gL
TDS removal (82%); COD
removal (84%); BOD removal
(83%)

Cicer arietinum L. (Chickpea) Seeds Powder 0.1 gL Turbidity removal (78.33%);
COD removal (83%)

Dolichos lablab Linn (Hyacinth
bean) Fruits Powder 0.2 gL Turbidity removal (71.74%);

COD removal (75%)

Tamarindus indica L. (Tamarind) Seed Powder 400 mgL Turbidity removal (97,72%)

Hibiscus sabdariffa L. (Roselle) Seed Powder 60 mgL Turbidity removal (87.18%)

Opuntia indica L. (Mill.) (Cactus) Mucilage Powder 0.4 gL Turbidity removal (78.54%);
COD removal (75%)

Momordica charantia L. (Bitter
gourd) Seed Solution 400 ppm Turbidity removal (61.03%)

Gossypium barbadense L.
(Cotton) Seed Oil 30 mLL TSS removal (66.27%)

Ricinus communis L. (Castor) Seed Oil 40 mLL TSS removal (66.67%)

S.potatorum L. f.(Nirmali) Seed Stock
solution

60 mLL

BOD removal (65.23%), COD
removal
(72.71%), Turbidity removal
(75.20%)

Musa acuminate L. (Banana) Peel Juice 90 mLL Turbidity removal (98.50%)
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Coagulant Part
Used

State of
Coagulant

Opt.
Dosage Removal Efficiency (%) References

Zea mays L. (Maize) Seed Powder 30 gL COD removal (68.82%);
Color removal (47.03%)

Plantago ovata Forssk(Isabgol) Seed Powder 1.5 mgL COD removal (89.30%)

P.vulgaris Gustav Hauser (French
bean) Seed Powder 1.5 mgL Color removal (73%)

Cassia fistula L. (Golden shower) Seed Powder 0.5 gL Color removal (71.3%)

Vitis vinifera L. (Grape vine) Seed Powder 1.5 mgL Color removal (80%)

Citrus sinensis L. (Osbeck)
(Orange) Peel Powder 0.2 gL Turbidity removal (97%)

Artocarpus heterophyllus Lam.
(Jackfruit) Seed Powder 60 mgL Turbidity removal (43%)

Jatropha curcas L. Britton and
Mills.(Barbados nut) Seed Powder 14 mgL Turbidity removal (93%)

Strychnos potatorum L. f.
(Nirmali) Seed Powder 1.5 mgL Turbidity removal (90%)

Carica papaya Linn. (Papaw) Seed Powder 0.4 g per
200 mL Turbidity removal (90%)

Julifora Prosopis var. juliflora
(Sw.) DC (Mesquite bean) Seed Powder 1.5 mgL Turbidity removal (96%)

Acacia mearnsii De Wild. (Black
wattle) Bark Powder 14 mgL Turbidity removal (75%)

The most commonly utilized natural coagulants derived from plants are explained below.

2.3. Tannins

Tannin is a polyphenol compound used in the leather industry and is obtained from the wood and bark of trees such as

Castanea, Acacia, and Schinopsis . The use of tannin extracted from valonia/Asia minor oak has been investigated

by several researchers as an effective coagulant in WT . They concluded that tannin is a superior

alternative to chemical coagulants. Tannin can be used in the removal of dyes such as indigo, azo, triphenylmethanones,

and anthraquinonic . The chemical structure of tannins derived from plants and the degree of tannin modification affect

their efficiency in water treatment. Tannin contains phenolic groups and is a strong anionic hydrogen donor. The phenolic

groups form phenoxide due to rapid deprotonation and are balanced by resonance. It is also considered an amphoteric

compound, which not only reduces the turbidity and heavy metals but also the color of water and thus functions as an

alternative to chemical coagulants. Thus, it can be concluded that the higher the number of phenolics, the greater the

capacity to coagulate will be.

2.4. Nirmali Seeds

Nirmali is a medium-sized tree mainly used as a traditional medicinal plant native to Sri Lanka, southern and central India,

and Burma . The seeds of this plant have been reported to have been used over 4000 years ago as a natural

coagulant in the treatment of water . The majority of research on its usage as a natural coagulant is confined to the

Indian sub-continent . Extracts of nirmali seeds are anionic polyelectrolytes that use coagulation (charge

neutralization and bridging) for the removal of contaminants in water . It has been observed that the coagulation

efficiency can be increased due to the presence of alkaloids, lipids, and carbohydrates containing–COOH and free –OH

groups present on the surface. In a previous study, galactomannan and galactan obtained from nirmali seeds reduced the

turbidity of a kaolin solution by approximately 80% . The presence of –OH groups, along with galactan and

galactomannan chains, is mainly responsible for the water-cleaning property.

2.5. Moringa Seeds

Moringa oleifera Lam. (horseradish or drumstick tree) is a versatile, medium-sized tree that usually grows in semi-arid,

tropical, or sub-tropical areas and in various parts of Africa, Asia, Northwest India, and South America  belonging to

the Moringaceae family. M. oleifera Lam. is non-toxic and is the most frequently identified natural coagulant utilized for WT
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. In addition to its use as a source of food, fodder, and medicine, each part of the Moringa plant, including the leaves,

seeds, flowers, roots, and bark, can be used as a coagulant for WT . The seeds of Moringa, in addition to

containing edible oil, also contain substances that are soluble in water . Muller et al.  and Jahn et al.  were

among the pioneer researchers who reported the use of M. oleifera Lam. seeds for the coagulation process in WT. Muyibi

et al.  also reported it to be a minimal or low-cost natural coagulant that can be feasibly deployed in WT, at least in

rural or semi-urban areas. The work of Ndabigengesere et al. , which reported the coagulation property of Moringa

seeds in the treatment of water, ignited interest among environmental scientists. The active coagulating agents present in

Moringa seeds are reported to be cationic proteins, which are dimeric in nature, possess an isoelectric point between 10

and 11 and a molecular weight of 12–14 kDa, and function via charge neutralization and adsorption mechanisms.

Gassenschmidt et al.  also reported that protein is the active ingredient of coagulation in Moringa seeds, possessing a

mass of 6.5 kDa and an isoelectric point higher than 10. In a similar report, other researchers  stated that the protein

has an isoelectric point greater than 9.6 and a mass of 6.5 kDa. In contrast to the aforementioned reports,  reported

that the coagulating agent is an organic polyelectrolyte rather than a polysaccharide, protein, or lipid, with a molecular

mass of 3.0 kDa.

As per the aforementioned reports, the most active coagulating agent is cationic proteins; however, Moringa may contain

several other coagulating agents, which need to be studied further. Cationic proteins in the seeds of Moringa work via

various electrostatic mechanisms such as neutralization, charge reversal, and adsorption . These bind with impurity

particles, which are usually negatively charged. Okuda et al. reported that the coagulation performance of Moringa

extracts can be improved by using bivalent cations (Mg  and Ca ) . Sulaiman et al.  used the seeds of Moringa

in WT and observed excellent results. Dotto et al.  used the same method in the treatment of textile mill water and a

significant COD reduction was reported. For the treatment of water from the dairy industry, seed powder was able to

remove ~100% of the turbidity and 99.50–100% of the fecal coliform count. In a similar report, the seed powder could

remove ~ 83.63% of the turbidity from laundry water . Hence, M. oleifera is among the most versatile and reliable

natural coagulants and has been proven to be a promising sustainable alternative to chemical coagulants.

2.6. Chickpea Seeds

Cicer arietinum L. (Fabaceae), commonly known as chickpea, is an important pulse crop that is grown in arid and semi-

arid zones with good soil moisture and adequate rainfall. Hiremath et al.  and Jaseela et al.  used chickpea seeds

to treat water released from the dairy industry and reported the removal of turbidity of 86.29%. Another group reported a

more than 95% reduction of preliminary turbidity, which was similar to that of alum . Choy et al. (2015) reported that

the presence of high sugar and protein contents in chickpea were mainly responsible for the removal/coagulation of

particles .

2.7. Peanut Seeds

The seeds of Arachis hypogea L. (peanut) are an important source of protein and are well known for their high lipid

content. Traditionally, the seeds have been used against inflammation while the seed oil has been used as an ointment

. The lipid part of the peanut constitutes approximately half of its dry weight, but the lipid does not contribute to its

purification properties. As a result, the relative percentage of the active agent is markedly decreased, leading to lower

efficiency in the removal of raw surface-water turbidity. Mataka et al.  reported that peanut seeds exhibit a similar

effect as that of moringa seeds, and delipidated cakes were found to be more effective (in the removal of heavy metals

from wastewater) than the crude seed extract. Therefore, the effectiveness of peanut coagulation activity can be

increased by removing the lipidic portion from the seeds.

2.8. Soybean Seeds

The seed extracts of Glycine max L. (soybean) can be used as the main coagulant or a coagulant aid to alum for cleaning

contaminated raw surface water . The coagulation efficiency of soybean seeds was excellent in the clarification of

surface water beyond 450 NTU, whereas, as a coagulant aid to alum, ~96% turbidity removal was reported . Although

soybean seeds have a large lipid fraction that is considered second to groundnut, the lipid part does not contribute to

coagulation activities. Therefore, seed delipidation (the removal of lipids) improves the coagulation potential. Moreover,

deoiled seeds of soybeans have been reported to be less expensive bioadsorbents for the treatment of water

contaminated by different dyes . Soybean seeds possess palmitic acid, whereas stearic acid found in Hibiscus
esculentus has been associated with bactericidal activities. Thus, their extracts have potential anti-bacterial properties and

can treat raw surface water .
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2.9. Cacti Mucilage

Opuntia ficus indica (OFI) (L.) P. Mill is the most common species of cactus, which has been used mainly for its medicinal

properties and as a dietary source, as well as for treating water. Cactus latifaria has also been used as an organic

coagulant . Opuntia possesses a high coagulation capacity due to the presence of mucilage, which is a complex

carbohydrate, and, hence, it is used as a potential coagulant for treating water . Thus, it is eco-friendly and can be

used as an alternative to aluminum and iron salts due to its abundance, renewability, adaptability, and biodegradability .

Rebah et al. also reported the potential of Opuntia in the treatment of wastewater . Opuntia’s mucilage has different

sugar molecules including d-galactose, d-xylose, l-rhamnose, l-arabinose, and galacturonic acid . However, the most

active coagulating agent is galacturonic acid , which contributes to the removal of 50% turbidity. Galacturonic acid may

also exist in a polymeric form as polygalacturonic acid. It is anionic due to the presence of carboxylic functional groups,

which undergo partial deprotonation in an aqueous solution . The mucilage in Opuntia species functions mainly via

adsorption and the bridging coagulation process in which dirt particles bind to the mucilage and facilitates the removal of

turbidity.

2.10. Okra Seed Extract

The coagulation potential of okra (Abelmoschus esculentus (L.) Moench) seed extracts has been examined by  who

asserted that seeds extracted using distilled water and a sodium chloride solution can be used as organic coagulants for

the removal of turbidity from water with an efficiency of 54.5% and 92% for distilled water and a NaCl (1.0 N) solution,

respectively. Raji et al.  discovered that okra seed extracts were very effective in the removal of turbidity from 580 to 5

NTU at a dose of 300 mg/L and pH 7.0, which is within the standard limit recommended by WHO. Similar work conducted

by Thakur et al.  and Mishra et al.  revealed that okra seed extracts can effectively remove dirt from the water even

at a dose of 200 mg/L. The work of  also shows the effectiveness of okra seed extracts in WT with more than 69% and

95% removal efficiencies for dissolved and suspended solids (from the effluents), respectively.

3. Animal-Based Coagulants

Animals may also act as a crucial source of coagulating agents. They are usually extracted from shellfish exoskeletons,

the shells of lobsters, shrimps, insects, crabs, diatoms, and molluscs, and freshwater and marine sponges. Chitosan is a

high-molecular-weight biopolymer developed via the deacetylation of chitin. It occurs naturally as a complex sugar

(polysaccharide) and is water-loving (hydrophilic), biodegradable, environmentally safe, and capable of absorbing several

metal ions efficiently as it contains amino groups in its polymeric chain . The deployment of chitosan as a natural

coagulant in the treatment of polluted water in different sectors, including agriculture, textile, detergent, and food

industries, as well as paper mills, has been well reported . The characteristic feature of chitosan regarding

cleaning water is its ability to react and generate a positive charge that destabilizes the negative charge of the colloidal

particles . Actinobacteria are also effective in the treatment of contaminated water . Efficient flocculating activity

was observed when Cellulomonas and Stretptomyces spp. were deployed as flocculants in the treatment of kaolin-

contaminated water. The substantial effects of these species were shown to be due to the presence of several molecules

including proteins, natural sugar, polysaccharides, and uric acid, as indicated by chemical analysis . Chitin is a

naturally occurring and the second-most abundant polysaccharide (after cellulose). Every year, at least 10 gigatons of

chitin are synthesized and destroyed throughout the biosphere. Chitin is a renewable resource found mainly in complexes

with other polysaccharides and proteins. Chitin and its metabolites are utilized as chelating agents in the purification of

water by segregating organic substances and heavy metals, as well as in the treatment of sewage via the precipitation of

certain anionic wastes and the collection of contaminants such as PCBs (polychlorobenzene). The utilization of 10 mg per

liter of chitosan in water has already received approval from the Environmental Protection Agency (EPA) .

References

1. Hamawand, I. Anaerobic digestion process and bio-energy in meat industry: A review and a potential. Renew. Sustain.
Energy Rev. 2015, 44, 37–51.

2. Madhavi, V.; Vijaya Bhaskar Reddy, A.; Madhavi, G. Synthesis, Characterization, and Properties of Carbon
Nanocomposites and Their Application in Wastewater Treatment. In Environmental Remediation through Carbon Based
Nano Composites; Springer: Berlin/Heidelberg, Germany, 2021; pp. 61–83.

3. Jiang, J.-Q.; Lloyd, B. Progress in the development and use of ferrate (vi) salt as an oxidant and coagulant for water
and wastewater treatment. Water Res. 2002, 36, 1397–1408.

[98]

[138][139]

[5]

[140]

[138]

[141]

[142]

[143]

[144]

[145] [146]

[122]

[147]

[148][149]

[150] [151]

[147]

[152]



4. Loloei, M.; Rezaee, A.; Roohaghdam, A.S.; Aliofkhazraei, M. Conductive microbial cellulose as a novel biocathode for
cr (vi) bioreduction. Carbohydr. Polym. 2017, 162, 56–61.

5. Bogacki, J.; Naumczyk, J.; Marcinowski, P.; Kucharska, M. Treatment of cosmetic wastewater using physicochemical
and chemical methods. Chemik 2011, 65, 94–97.

6. Liang, Z.; Wang, Y.; Zhou, Y.; Liu, H. Coagulation removal of melanoidins from biologically treated molasses
wastewater using ferric chloride. Chem. Eng. J. 2009, 152, 88–94.

7. Panhwar, A.; Bhutto, S. Improved reduction of cod, bod, tss and oil & grease from sugarcane industry effluent by ferric
chloride and polyaluminum chloride coupled with polyvinyl alcohol. Ecol. Eng. Environ. Technol. 2021, 22, 8–14.

8. Panhwar, A.A.; Almani, K.F.; Kandhro, A.A. Environmental degradation by textile industry; performance of chemical
coagulants and activated carbon for removal of cod, bod. Tech. J. 2020, 25, 16–20.

9. Irfan, M.; Butt, T.; Imtiaz, N.; Abbas, N.; Khan, R.A.; Shafique, A. The removal of COD, TSS and colour of black liquor
by coagulation–flocculation process at optimized ph, settling and dosing rate. Arab. J. Chem. 2017, 10, S2307–S2318.

10. Al-Saati, N.; Hussein, T.; Abbas, M.; Hashim, K.; Al-Saati, Z.; Kot, P.; Sadique, M.; Aljefery, M.; Carnacina, I. Statistical
modelling of turbidity removal applied to non-toxic natural coagulants in water treatment: A case study. Desalination
Water Treat. 2019, 150, 406–412.

11. Zubaidi, S.L.; Al-Bugharbee, H.; Muhsin, Y.R.; Hashim, K.; Alkhaddar, R. Forecasting of monthly stochastic signal of
urban water demand: Baghdad as a case study. IOP Conf. Ser. Mater. Sci. Eng. 2020, 888, 12018.

12. Alenazi, M.; Hashim, K.S.; Hassan, A.A.; Muradov, M.; Kot, P.; Abdulhadi, B. Turbidity removal using natural coagulants
derived from the seeds of Strychnos potatorum: Statistical and experimental approach. IOP Conf. Ser. Mater. Sci. Eng.
2020, 888, 12064.

13. Abdulraheem, F.S.; Al-Khafaji, Z.S.; Hashim, K.S.; Muradov, M.; Kot, P.; Shubbar, A.A. Natural filtration unit for removal
of heavy metals from water. IOP Conf. Ser. Mater. Sci. Eng. 2020, 888, 12034.

14. Liao, L.; Zhang, P. Preparation and characterization of polyaluminum titanium silicate and its performance in the
treatment of low-turbidity water. Processes 2018, 6, 125.

15. Mustereț, C.P.; Morosanu, I.; Ciobanu, R.; Plavan, O.; Gherghel, A.; Al-Refai, M.; Roman, I.; Teodosiu, C. Assessment
of coagulation–flocculation process efficiency for the natural organic matter removal in drinking water treatment. Water
2021, 13, 3073.

16. Hashim, K.S.; Ali, S.S.M.; AlRifaie, J.K.; Kot, P.; Shaw, A.; Al Khaddar, R.; Idowu, I.; Gkantou, M. Escherichia coli
inactivation using a hybrid ultrasonic-electrocoagulation reactor. Chemosphere 2020, 247, 125868.

17. Al-Jumeily, D.; Hashim, K.; Alkaddar, R.; Al-Tufaily, M.; Lunn, J. Sustainable and environmental friendly ancient reed
houses (inspired by the past to motivate the future). In Proceedings of the 2018 11th International Conference on
Developments in eSystems Engineering (DeSE), Cambridge, UK, 2–5 September 2018; pp. 214–219.

18. Zouboulis, A.I.; Tzoupanos, N. Alternative cost-effective preparation method of polyaluminium chloride (pac) coagulant
agent: Characterization and comparative application for water/wastewater treatment. Desalination 2010, 250, 339–344.

19. Walton, M.E.; Samonte-Tan, G.P.; Primavera, J.H.; Edwards-Jones, G.; Le Vay, L. Are mangroves worth replanting?
The direct economic benefits of a community-based reforestation project. Environ. Conserv. 2006, 33, 335–343.

20. Flaten, T.P. Aluminium as a risk factor in alzheimer’s disease, with emphasis on drinking water. Brain Res. Bull. 2001,
55, 187–196.

21. Kandimalla, R.; Vallamkondu, J.; Corgiat, E.B.; Gill, K.D. Understanding aspects of aluminum exposure in alzheimer’s
disease development. Brain Pathol. 2016, 26, 139–154.

22. Krupińska, I. Aluminium drinking water treatment residuals and their toxic impact on human health. Molecules 2020, 25,
641.

23. Bondy, S.C. Low levels of aluminum can lead to behavioral and morphological changes associated with alzheimer’s
disease and age-related neurodegeneration. Neurotoxicology 2016, 52, 222–229.

24. Lukiw, W.J.; Kruck, T.P.A.; Percy, M.E.; Pogue, A.I.; Alexandrov, P.N.; Walsh, W.J.; Sharfman, N.M.; Jaber, V.R.; Zhao,
Y.; Li, W.; et al. Aluminum in neurological disease—A 36 year multicenter study. J. Alzheimers Dis. Park. 2019, 8, 6–10.

25. Iwuozor, K.O. Prospects and challenges of using coagulation-flocculation method in the treatment of effluents. Adv. J.
Chem.-Sect. A 2019, 2, 105–127.

26. Parmar, K.; Prajapati, S.N.; Patel, R.; Dabhi, Y.M. Effective use of ferrous sulfate and alum as a coagulant in treatment
of dairy industry wastewater. ARPN J. Eng. Appl. Sci. 2011, 6, 42–45.



27. Tolkou, A.K.; Meez, E.; Kyzas, G.Z.; Torretta, V.; Collivignarelli, M.C.; Caccamo, F.M.; Deliyanni, E.A.; Katsoyiannis, I.A.
A mini review of recent findings in cellulose-, polymer- and graphene-based membranes for fluoride removal from
drinking water. C 2021, 7, 74.

28. Lee, J.; Jeon, J.H.; Shin, J.; Jang, H.M.; Kim, S.; Song, M.S.; Kim, Y.M. Quantitative and qualitative changes in
antibiotic resistance genes after passing through treatment processes in municipal wastewater treatment plants. Sci.
Total Environ. 2017, 605, 906–914.

29. Abdulhadi, B.; Kot, P.; Hashim, K.; Shaw, A.; Al Khaddar, R. In Influence of current density and electrodes spacing on
reactive red 120 dye removal from dyed water using electrocoagulation/electroflotation (ec/ef) process. IOP Conf. Ser.
Mater. Sci. Eng. 2019, 584, 12035.

30. Zubaidi, S.L.; Ortega-Martorell, S.; Al-Bugharbee, H.; Olier, I.; Hashim, K.S.; Gharghan, S.K.; Kot, P.; Al-Khaddar, R.
Urban water demand prediction for a city that suffers from climate change and population growth: Gauteng province
case study. Water 2020, 12, 1885.

31. Grmasha, R.A.; Al-sareji, O.J.; Salman, J.M.; Hashim, K.S. Polycyclic aromatic hydrocarbons (pahs) in urban street
dust within three land-uses of babylon governorate, iraq: Distribution, sources, and health risk assessment. J. King
Saud Univ.—Eng. Sci. 2022, 34, 231–239.

32. Yin, C.-Y. Emerging usage of plant-based coagulants for water and wastewater treatment. Process Biochem. 2010, 45,
1437–1444.

33. Owodunni, A.A.; Ismail, S. Revolutionary technique for sustainable plant-based green coagulants in industrial
wastewater treatment—A review. J. Water Process Eng. 2021, 42, 102096.

34. Alazaiza, M.Y.D.; Albahnasawi, A.; Ali, G.A.M.; Bashir, M.J.K.; Nassani, D.E.; Al Maskari, T.; Amr, S.S.A.; Abujazar,
M.S.S. Application of natural coagulants for pharmaceutical removal from water and wastewater: A review. Water 2022,
14, 140.

35. Renault, F.; Sancey, B.; Badot, P.-M.; Crini, G. Chitosan for coagulation/flocculation processes–an eco-friendly
approach. Eur. Polym. J. 2009, 45, 1337–1348.

36. Choy, S.; Prasad, K.; Wu, T.; Ramanan, R. A review on common vegetables and legumes as promising plant-based
natural coagulants in water clarification. Int. J. Environ. Sci. Technol. 2015, 12, 367–390.

37. Saleem, M.; Bachmann, R.T. A contemporary review on plant-based coagulants for applications in water treatment. J.
Ind. Eng. Chem. 2019, 72, 281–297.

38. Mohd-Salleh, S.N.A.; Mohd-Zin, N.S.; Othman, N. A review of wastewater treatment using natural material and its
potential as aid and composite coagulant. Sains Malays. 2019, 48, 155–164.

39. Brundtland, G.H. Report of the World Commission on Environment and Development: Our Common Future; UN: New
York, NY, USA, 1987.

40. Kamali, M.; Suhas, D.; Costa, M.E.; Capela, I.; Aminabhavi, T.M. Sustainability considerations in membrane-based
technologies for industrial effluents treatment. Chem. Eng. J. 2019, 368, 474–494.

41. Kanmani, P.; Aravind, J.; Kamaraj, M.; Sureshbabu, P.; Karthikeyan, S. Environmental applications of chitosan and
cellulosic biopolymers: A comprehensive outlook. Bioresour. Technol. 2017, 242, 295–303.

42. Do, M.; Ngo, H.; Guo, W.; Liu, Y.; Chang, S.; Nguyen, D.; Nghiem, L.; Ni, B. Challenges in the application of microbial
fuel cells to wastewater treatment and energy production: A mini review. Sci. Total Environ. 2018, 639, 910–920.

43. Ho, Y.; Norli, I.; FM, A.; Morad, N. New vegetal biopolymeric flocculant: A degradation and flocculation study. Iran. J.
Energy Environ. 2014, 5, 1.

44. Abidin, Z.; Norhafizah, M.; Robiah, Y.; Aishah, D. Effect of storage conditions on jatropha curcas performance as
biocoagulant for treating palm oil mill effluent. J. Environ. Sci. Technol. 2019, 12, 92–101.

45. Dos Santos, J.D.; Veit, M.T.; Juchen, P.T.; da Cunha Gonçalves, G.; Palacio, S.M.; Fagundes-Klen, M. Use of different
coagulants for cassava processing wastewater treatment. J. Environ. Chem. Eng. 2018, 6, 1821–1827.

46. Dezfooli, S.M.; Uversky, V.N.; Saleem, M.; Baharudin, F.S.; Hitam, S.M.S.; Bachmann, R.T. A simplified method for the
purification of an intrinsically disordered coagulant protein from defatted Moringa oleifera seeds. Process Biochem.
2016, 51, 1085–1091.

47. Barbosa, A.D.; da Silva, L.F.; de Paula, H.M.; Romualdo, L.L.; Sadoyama, G.; Andrade, L.S. Combined use of
coagulation (m. Oleifera) and electrochemical techniques in the treatment of industrial paint wastewater for reuse
and/or disposal. Water Res. 2018, 145, 153–161.

48. Ang, W.L.; Mohammad, A.W. State of the art and sustainability of natural coagulants in water and wastewater
treatment. J. Clean. Prod. 2020, 262, 121267.



49. Chitra, D.; Muruganandam, L. Performance of natural coagulants on greywater treatment. Recent Innov. Chem. Eng.
Former. Recent Pat. Chem. Eng. 2020, 13, 81–92.

50. Maurya, A.; Reddy, B.; Theerthagiri, J.; Narayana, P.; Park, C.; Hong, J.; Yeom, J.-T.; Cho, K.; Reddy, N. Modeling and
optimization of process parameters of biofilm reactor for wastewater treatment. Sci. Total Environ. 2021, 787, 147624.

51. Zaidi, N.; Muda, K.; Rahman, M.A.; Sgawi, M.; Amran, A. Effectiveness of local waste materials as organic-based
coagulant in treating water. IOP Conf. Ser. Mater. Sci. Eng. 2019, 636, 12007.

52. Sibartie, S.; Ismail, N. Potential of Hibiscus sabdariffa and jatropha curcas as natural coagulants in the treatment of
pharmaceutical wastewater. MATEC Web Conf. 2018, 152, 1009.

53. Kurniawan, S.B.; Abdullah, S.R.S.; Imron, M.F.; Said, N.S.M.; Ismail, N.; Hasan, H.A.; Othman, A.R.; Purwanti, I.F.
Challenges and opportunities of biocoagulant/bioflocculant application for drinking water and wastewater treatment and
its potential for sludge recovery. Int. J. Environ. Res. Public Health 2020, 17, 9312.

54. Pattnaik, P.; Dangayach, G.S. Sustainability of wastewater management in textile sectors: A conceptual framework.
Environ. Eng. Manag. J. 2019, 18, 9.

55. Zhang, J.; Zhang, F.; Luo, Y.; Yang, H. A preliminary study on cactus as coagulant in water treatment. Process
Biochem. 2006, 41, 730–733.

56. Choubey, S.; Rajput, S.; Bapat, K. Comparison of efficiency of some natural coagulants-bioremediation. Int. J. Emerg.
Technol. Adv. Eng. 2012, 2, 429–434.

57. Shakir, L.; Ejaz, S.; Ashraf, M.; Qureshi, N.A.; Anjum, A.A.; Iltaf, I.; Javeed, A. Ecotoxicological risks associated with
tannery effluent wastewater. Environ. Toxicol. Pharmacol. 2012, 34, 180–191.

58. Mahmud, H.N.M.E.; Huq, A.O.; binti Yahya, R. The removal of heavy metal ions from wastewater/aqueous solution
using polypyrrole-based adsorbents: A review. RSC Adv. 2016, 6, 14778–14791.

59. Kiso, Y.; Jung, Y.-J.; Park, M.-S.; Wang, W.; Shimase, M.; Yamada, T.; Min, K.-S. Coupling of sequencing batch reactor
and mesh filtration: Operational parameters and wastewater treatment performance. Water Res. 2005, 39, 4887–4898.

60. Jahn, S.A.A. Drinking water from chinese rivers: Challenges of clarification. J. Water Supply: Res. Technol.—AQUA
2001, 50, 15–27.

61. Thakre, V.; Bhole, A. Relative evaluation of a few natural coagulants. J. Inst. Eng. Environ. Eng. 1985, 504, 89–92.

62. Govindan, V. Coagulation studies on natural seed extracts. J. Indian Waterworks Assoc. 2005, 37, 145.

63. Choy, S.Y.; Prasad, K.M.N.; Wu, T.Y.; Raghunandan, M.E.; Ramanan, R.N. Utilization of plant-based natural coagulants
as future alternatives towards sustainable water clarification. J. Environ. Sci. 2014, 26, 2178–2189.

64. Arukwe, U.; Amadi, B.; Duru, M.; Agomuo, E.; Adindu, E.; Odika, P.; Lele, K.; Egejuru, L.; Anudike, J. Chemical
composition of Persea americana leaf, fruit and seed. Int. J. Recent Res. Appl. Stud. 2012, 11, 346–349.

65. Ramesa, S.; Sooad, A.-d. Antibacterial properties of different cultivars of Phoenix dactylifera l. And their corresponding
protein content. Ann. Biol. Res. 2012, 3, 4751–4757.

66. Som, A.; Idris, J.; Hamid, K. Dragon fruit foliage as a low cost plant-based coagulant in latex concentrate wastewater
treatment. Malays. J. Chem. Eng. 2007, 1, 47–59.

67. Idris, J.; Md Som, A.; Musa, M.; Ku Hamid, K.H.; Husen, R.; Muhd Rodhi, M.N. Dragon fruit foliage plant-based
coagulant for treatment of concentrated latex effluent: Comparison of treatment with ferric sulfate. J. Chem. 2013,
2013, 230860.

68. Patil, C.; Hugar, M. Treatment of dairy wastewater by natural coagulants. Int. Res. J. Eng. Technol. 2015, 2, 1120–
1124.

69. Camacho, F.P.; Sousa, V.S.; Bergamasco, R.; Teixeira, M.R. The use of moringa oleifera as a natural coagulant in
surface water treatment. Chem. Eng. J. 2017, 313, 226–237.

70. Pallavi, N.; Mahesh, S. Feasibility study of Moringa oleifera as a natural coagulant for the treatment of dairy
wastewater. Int. J. Eng. Res. 2013, 2, 201–203.

71. Shan, T.C.; Matar, M.A.; Makky, E.A.; Ali, E.N. The use of Moringa oleifera seed as a natural coagulant for wastewater
treatment and heavy metals removal. Appl. Water Sci. 2017, 7, 1369–1376.

72. Dehghani, M.; Alizadeh, M.H. The effects of the natural coagulant Moringa oleifera and alum in wastewater treatment at
the bandar abbas oil refinery. Environ. Health Eng. Manag. J. 2016, 3, 225–230.

73. Muralimohan, N.; Palanisamy, T. Treatment of textile effluent by natural coagulants in erode district. Asian J. Chem.
2014, 26, 911.



74. Kazi, T.; Virupakshi, A.; Scholar, M. Treatment of tannery wastewater using natural coagulants. Development 2013, 2,
4061–4068.

75. Anastasakis, K.; Kalderis, D.; Diamadopoulos, E. Flocculation behavior of mallow and okra mucilage in treating
wastewater. Desalination 2009, 249, 786–791.

76. Aziz, N.; Jayasuriya, N.; Fan, L. Effectiveness of plant-based indigenous materials for the removal of heavy metals and
fluoride from drinking water. In Proceedings of the 5th International Conference on Sustainable Built Environment
Proceedings, Kandy, Sri Lanka, 16–18 December 2014; pp. 34–41.

77. Carpinteyro-Urban, S.; Vaca, M.; Torres, L. Can vegetal biopolymers work as coagulant–flocculant aids in the treatment
of high-load cosmetic industrial wastewaters? Water Air Soil Pollut. 2012, 223, 4925–4936.

78. Al-Hamadani, Y.A.; Yusoff, M.S.; Umar, M.; Bashir, M.J.; Adlan, M.N. Application of psyllium husk as coagulant and
coagulant aid in semi-aerobic landfill leachate treatment. J. Hazard. Mater. 2011, 190, 582–587.

79. Shamsnejati, S.; Chaibakhsh, N.; Pendashteh, A.R.; Hayeripour, S. Mucilaginous seed of Ocimum basilicum as a
natural coagulant for textile wastewater treatment. Ind. Crops Prod. 2015, 69, 40–47.

80. Chaibakhsh, N.; Ahmadi, N.; Zanjanchi, M.A. Use of Plantago major l. As a natural coagulant for optimized
decolorization of dye-containing wastewater. Ind. Crops Prod. 2014, 61, 169–175.

81. Awang, N.A.; Aziz, H.A. Hibiscus rosa-sinensis leaf extract as coagulant aid in leachate treatment. Appl. Water Sci.
2012, 2, 293–298.

82. Wang, J.-P.; Chen, Y.-Z.; Wang, Y.; Yuan, S.-J.; Yu, H.-Q. Optimization of the coagulation-flocculation process for pulp
mill wastewater treatment using a combination of uniform design and response surface methodology. Water Res. 2011,
45, 5633–5640.

83. Ismail, N.I.; Sheikh Abdullah, S.R.; Idris, M.; Abu Hasan, H.; Halmi, M.I.E.; Hussin AL Sbani, N.; Hamed Jehawi, O.;
Sanusi, S.N.A.; Hashim, M.H. Accumulation of fecal by Scirpus grossus grown in synthetic bauxite mining wastewater
and identification of resistant rhizobacteria. Environ. Eng. Sci. 2017, 34, 367–375.

84. Ronke, R.A.; Saidat, O.G.; Abdulwahab, G. Coagulation-flocculation treatment of industrial wastewater using tamarind
seed powder. Int. J. ChemTech Res. 2016, 9, 771–780.

85. Saharudin, N.; Nithyanandam, R. Wastewater treatment by using natural coagulant. 2nd Eureca. Engineering 2014, 2–
3, 202720485.

86. Thawari, D.; Verma, S. Coal washery wastewater treatment using natural coagulants and chemical precipitation. Int. J.
Sci. Res. 2015, 4, 1877–1881.

87. Awasthi, M.K.; Li, J.; Kumar, S.; Awasthi, S.K.; Wang, Q.; Chen, H.; Wang, M.; Ren, X.; Zhang, Z. Effects of biochar
amendment on bacterial and fungal diversity for co-composting of gelatin industry sludge mixed with organic fraction of
municipal solid waste. Bioresour. Technol. 2017, 246, 214–223.

88. Alwi, H.; Idris, J.; Musa, M.; Ku Hamid, K.H. A preliminary study of banana stem juice as a plant-based coagulant for
treatment of spent coolant wastewater. J. Chem. 2013, 2013, 165057.

89. Patel, H.; Vashi, R. Comparison of naturally prepared coagulants for removal of cod and color from textile wastewater.
Glob. NEST J. 2013, 15, 522–528.

90. Ramavandi, B.; Farjadfard, S. Removal of chemical oxygen demand from textile wastewater using a natural coagulant.
Korean J. Chem. Eng. 2014, 31, 81–87.

91. Lekshmi, B.; Joseph, R.S.; Jose, A.; Abinandan, S.; Shanthakumar, S. Studies on reduction of inorganic pollutants from
wastewater by Chlorella pyrenoidosa and Scenedesmus abundans. Alex. Eng. J. 2015, 54, 1291–1296.

92. Hanif, M.A.; Nadeem, R.; Zafar, M.N.; Bhatti, H.N.; Nawaz, R. Physico-chemical treatment of textile wastewater using
natural coagulant cassia. J. Chem. Soc. Pak. 2008, 30, 385–393.

93. Jeon, E.-C.; Son, H.-K.; Sa, J.-H. Emission characteristics and factors of selected odorous compounds at a wastewater
treatment plant. Sensors 2009, 9, 311–326.

94. Anju, S.; Mophin-Kani, K. Exploring the use of orange peel and neem leaf powder as alternative coagulant in treatment
of dairy wastewater. Int. J. Sci. Eng. Res. 2016, 7, 238–244.

95. Choy, S.Y.; Prasad, K.M.N.; Wu, T.Y.; Raghunandan, M.E.; Yang, B.; Phang, S.-M.; Ramanan, R.N. Isolation,
characterization and the potential use of starch from jackfruit seed wastes as a coagulant aid for treatment of turbid
water. Environ. Sci. Pollut. Res. 2017, 24, 2876–2889.

96. Pritchard, M.; Mkandawire, T.; Edmondson, A.; O’neill, J.; Kululanga, G. Potential of using plant extracts for purification
of shallow well water in malawi. Phys. Chem. Earth Parts A/B/C 2009, 34, 799–805.



97. Babu, R.; Chaudhuri, M. Home water treatment by direct filtration with natural coagulant. J. Water Health 2005, 3, 27–
30.

98. Diaz, A.; Rincon, N.; Escorihuela, A.; Fernandez, N.; Chacin, E.; Forster, C. A preliminary evaluation of turbidity removal
by natural coagulants indigenous to venezuela. Process Biochem. 1999, 35, 391–395.

99. Bunce, J.T.; Ndam, E.; Ofiteru, I.D.; Moore, A.; Graham, D.W. A review of phosphorus removal technologies and their
applicability to small-scale domestic wastewater treatment systems. Front. Environ. Sci. 2018, 6, 8.

100. Beltrán-Heredia, J.; Sánchez-Martín, J. Municipal wastewater treatment by modified tannin flocculant agent.
Desalination 2009, 249, 353–358.

101. Bongiovani, M.C.; Camacho, F.P.; Coldebella, P.F.; Valverde, K.C.; Nishi, L.; Bergamasco, R. Removal of natural
organic matter and trihalomethane minimization by coagulation/flocculation/filtration using a natural tannin.
Desalination Water Treat. 2016, 57, 5406–5415.

102. Özacar, M.; Şengil, İ.A. The use of tannins from turkish acorns (valonia) in water treatment as a coagulant and
coagulant aid. Turk. J. Eng. Environ. Sci. 2002, 26, 255–264.

103. Bacelo, H.A.M. Tannin Resins from Maritime Pine Bark as Adsorbents for Water Treatment and Recovery of
Substances. Ph.D. Thesis, University of Porto, Porto, Portugal, 2021.

104. Beltrán-Heredia, J.; Sánchez-Martín, J.; Solera-Hernández, C. Anionic surfactants removal by natural
coagulant/flocculant products. Ind. Eng. Chem. Res. 2009, 48, 5085–5092.

105. Jayaram, K.; Murthy, I.; Lalhruaitluanga, H.; Prasad, M. Biosorption of lead from aqueous solution by seed powder of
Strychnos potatorum L. Colloids Surf. B Biointerfaces 2009, 71, 248–254.

106. Raghuwanshi, P.K.; Mandloi, M.; Sharma, A.J.; Malviya, H.S.; Chaudhari, S. Improving filtrate quality using agrobased
materials as coagulant aid. Water Qual. Res. J. 2002, 37, 745–756.

107. Schulz, C.R.; Okun, D.A.; Donaldson, D.; Austin, J. Surface Water Treatment for Communities in Developing Countries;
U.S. Agency for International Development: Washington, DC, USA, 1992.

108. Selvaraj, K.; Sevugaperumal, R.; Ramasubramanian, V. Impact of match industry effluent on growth and biochemical
characteristics of Cyamopsis tetragonoloba taub and amelioration of the stress by seaweed treatment. Indian J. Fund.
Appl. Life Sci 2013, 3, 192–197.

109. Sarawgi, G.; Kamra, A.; Suri, N.; Kaur, A.; Sarethy, I.P. Effect of Strychnos potatorum linn. Seed extracts on water
samples from different sources and with diverse properties. Asian J. Water Environ. Pollut. 2009, 6, 13–17.

110. Tripathi, P.; Chaudhuri, M.; Bokil, S. Nirmali seed—A naturally occurring coagulant. Indian J. Environ. Health 1976, 18,
72–81.

111. Adinolfi, M.; Corsaro, M.M.; Lanzetta, R.; Parrilli, M.; Folkard, G.; Grant, W.; Sutherland, J. Composition of the
coagulant polysaccharide fraction from Strychnos potatorum seeds. Carbohydr. Res. 1994, 263, 103–110.

112. Muthuraman, G.; Sasikala, S. Removal of turbidity from drinking water using natural coagulants. J. Ind. Eng. Chem.
2014, 20, 1727–1731.

113. Bhuptawat, H.; Folkard, G.; Chaudhari, S. Innovative physico-chemical treatment of wastewater incorporating Moringa
oleifera seed coagulant. J. Hazard. Mater. 2007, 142, 477–482.

114. Anwar, F.; Bhanger, M. Analytical characterization of Moringa oleifera seed oil grown in temperate regions of pakistan.
J. Agric. Food Chem. 2003, 51, 6558–6563.

115. Koul, B.; Chase, N. Moringa oleifera lam.: Panacea to several maladies. J. Chem. Pharm. Res. 2015, 7, 687–707.

116. Farooq, B.; Koul, B. Comparative analysis of the antioxidant, antibacterial and plant growth promoting potential of five
indian varieties of Moringa oleifera L. South Afr. J. Bot. 2020, 129, 47–55.

117. Ndabigengesere, A.; Narasiah, K.S.; Talbot, B.G. Active agents and mechanism of coagulation of turbid waters using
Moringa oleifera. Water Res. 1995, 29, 703–710.

118. Muller, S. Wirkstoffe zur Trinkwasseraufbereitung aus Samen von Moringa Oleifera. Master’s Thesis, Universitat
Heidelberg, Heidelberg, Germany, 1980.

119. Jahn, S.A.A. Using moringa seeds as coagulants in developing countries. J. Am. Water Work. Assoc. 1988, 80, 43–50.

120. Muyibi, S.A.; Evison, L.M. Optimizing physical parameters affecting coagulation of turbid water with Morninga oleifera
seeds. Water Res. 1995, 29, 2689–2695.

121. Gassenschmidt, U.; Jany, K.D.; Bernhard, T.; Niebergall, H. Isolation and characterization of a flocculating protein from
Moringa oleifera lam. Biochim. Et Biophys. Acta Gen. Subj. 1995, 1243, 477–481.



122. Ghebremichael, K.A.; Gunaratna, K.; Henriksson, H.; Brumer, H.; Dalhammar, G. A simple purification and activity
assay of the coagulant protein from Moringa oleifera seed. Water Res. 2005, 39, 2338–2344.

123. Okuda, T.; Baes, A.U.; Nishijima, W.; Okada, M. Isolation and characterization of coagulant extracted from Moringa
oleifera seed by salt solution. Water Res. 2001, 35, 405–410.

124. Bolto, B.; Gregory, J. Organic polyelectrolytes in water treatment. Water Res. 2007, 41, 2301–2324.

125. Sulaiman, M.; Zhigila, D.A.; Mohammed, K.; Umar, D.M.; Aliyu, B.; Abd Manan, F. Moringa oleifera seed as alternative
natural coagulant for potential application in water treatment: A review. J. Adv. Rev. Sci. Res 2017, 30, 1–11.

126. Dotto, J.; Fagundes-Klen, M.R.; Veit, M.T.; Palacio, S.M.; Bergamasco, R. Performance of different coagulants in the
coagulation/flocculation process of textile wastewater. J. Clean. Prod. 2019, 208, 656–665.

127. Ashmawy, M.; Moussa, M.; Ghoneim, A.; Tammam, A. Enhancingthe efficiency of primary sedimentation in wastewater
treatment plants with the application of Moringa oliefera seeds and quicklime. J. Am. Sci. 2012, 8, 494–502.

128. Hiremath, P.J.; Farmer, A.; Cannon, S.B.; Woodward, J.; Kudapa, H.; Tuteja, R.; Kumar, A.; BhanuPrakash, A.;
Mulaosmanovic, B.; Gujaria, N. Large-scale transcriptome analysis in chickpea (Cicer arietinum L.), an orphan legume
crop of the semi-arid tropics of asia and africa. Plant Biotechnol. J. 2011, 9, 922–931.

129. Jaseela, L.; Chadaga, M. Treatment of dairy effluent using Cicer arietinum. Int. J. Innov. Res. Sci. Engg. Technol 2015,
4, 4881–4885.

130. Asrafuzzaman, M.; Fakhruddin, A.; Hossain, M. Reduction of turbidity of water using locally available natural
coagulants. Int. Sch. Res. Not. 2011, 2011, 1–6.

131. Lim, T.K. Edible Medicinal and Non-Medicinal Plants; Springer: Berlin/Heidelberg, Germany, 2012; Volume 1.

132. Mataka, L.; Henry, E.; Masamba, W.; Sajidu, S. Lead remediation of contaminated water using Moringa stenopetala
and Moringa oleifera seed powder. Int. J. Environ. Sci. Technol. 2006, 3, 131–139.

133. Bhole, A. Relative evaluation of a few natural coagulants. Aqua J. Water Supply: Res. Technol. 1995, 44, 284–290.

134. Mbogo, S.A. A novel technology to improve drinking water quality using natural treatment methods in rural tanzania. J.
Environ. Health 2008, 70, 46–50.

135. Gupta, V.K.; Mittal, A.; Malviya, A.; Mittal, J. Adsorption of carmoisine a from wastewater using waste materials—
Bottom ash and deoiled soya. J. Colloid Interface Sci. 2009, 335, 24–33.

136. Mittal, A.; Mittal, J.; Malviya, A.; Kaur, D.; Gupta, V. Adsorption of hazardous dye crystal violet from wastewater by
waste materials. J. Colloid Interface Sci. 2010, 343, 463–473.

137. De Carvalho, C.C.; Cruz, P.A.; da Fonseca, M.M.R.; Xavier-Filho, L. Antibacterial properties of the extract of
Abelmoschus esculentus. Biotechnol. Bioprocess Eng. 2011, 16, 971–977.

138. Sáenz, C.; Sepúlveda, E.; Matsuhiro, B. Opuntia spp mucilage’s: A functional component with industrial perspectives. J.
Arid Environ. 2004, 57, 275–290.

139. Nharingo, T.; Moyo, M. Application of opuntia Ficus-indica in bioremediation of wastewaters. A critical review. J.
Environ. Manage. 2016, 166, 55–72.

140. Rebah, F.B.; Siddeeg, S. Cactus an eco-friendly material for wastewater treatment: A review. J. Mater. Environ. Sci.
2017, 8, 1770–1782.

141. Miller, S.M.; Fugate, E.J.; Craver, V.O.; Smith, J.A.; Zimmerman, J.B. Toward understanding the efficacy and
mechanism of Opuntia spp. As a natural coagulant for potential application in water treatment. Environ. Sci. Technol.
2008, 42, 4274–4279.

142. Manunza, B.; Deiana, S.; Pintore, M.; Gessa, C. Molecular dynamics study of polygalacturonic acid chains in aqueous
solution. Carbohydr. Res. 1997, 300, 85–88.

143. Fahmi, M.R.; Hamidin, N.; Abidin, C.Z.A.; Fazara, U.; Ali, M.; Hatim, M. Performance evaluation of okra (Abelmoschus
esculentus) as coagulant for turbidity removal in water treatment. Trans. Tech. Publ. 2014, 594, 226–230.

144. Raji, Y.O.; Abubakar, L.; Giwa, S.O.; Giwa, A. Assessment of coagulation efficiency of okra seed extract for surface
water treatment. Int. J. Sci. Eng. Res. 2016, 6, 1–7.

145. Thakur, S.S.; Choubey, S. Assessment of coagulation efficiency of Moringa oleifera and okra for treatment of turbid
water. Arch. Appl. Sci. Res. 2014, 6, 24–30.

146. Mishra, S.; Singh, S.; Srivastava, R. Okra seeds: An efficient coagulant. Int. J. Res. Appl. Sci. Eng. 2017, 5, 1–5.

147. Nath, A.; Mishra, A.; Pande, P.P. A review natural polymeric coagulants in wastewater treatment. Mater. Today: Proc.
2021, 46, 6113–6117.



148. Wang, J.; Chen, X. Removal of antibiotic resistance genes (args) in various wastewater treatment processes: An
overview. Crit. Rev. Environ. Sci. Technol. 2022, 52, 571–630.

149. Shewa, W.A.; Dagnew, M. Revisiting chemically enhanced primary treatment of wastewater: A review. Sustainability
2020, 12, 5928.

150. Zainal, S.F.F.S.; Abdul Aziz, H.; Mohd Omar, F.; Alazaiza, M.Y. Sludge performance in coagulation-flocculation
treatment for suspended solids removal from landfill leachate using tin (iv) chloride and Jatropha curcas. Int. J. Environ.
Anal. Chem. 2021, 1–15.

151. Oladoja, N.A. Headway on natural polymeric coagulants in water and wastewater treatment operations. J. Water
Process Eng. 2015, 6, 174–192.

152. Dwarapureddi, B.K.; Saritha, V. Evaluation of factors affecting coagulation of water with natural polymers. Int. J. Adv.
Res. Biol. Sci. 2015, 2, 98–113.

Retrieved from https://encyclopedia.pub/entry/history/show/84811


