Biocoagulant/bioflocculant application for drinking water | Encyclopedia.pub

Biocoagulant/bioflocculant application for
drinking water

Subjects: Engineering, Biomedical | Biotechnology & Applied Microbiology
Contributor: Setyo Budi Kurniawan

The utilization of metal-based conventional coagulants/flocculants to remove suspended solids from drinking water
and wastewater is currently leading to new concerns. Alarming issues related to the prolonged effects on human
health and further pollution to aquatic environments from the generated nonbiodegradable sludge are becoming
trending topics. The utilization of biocoagulants/bioflocculants does not produce chemical residue in the effluent

and creates nonharmful, biodegradable sludge.
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| 1. Introduction

Water is part of our life and a basic necessity for humans. It is one of the main life supports for humans. Humans
need water for use as a source of body fluids and for several activities, such as bathing, washing, and using
latrines. Some of these activities later cause the generation of wastewater. Treatment processing is needed to
maintain the stability and continuity of the water supply. Particularly, drinking water and wastewater treatment are

an important part of the water cycle in human life.

Several treatment technologies are used to process raw water sources into drinking water and transform
wastewater into treated effluent before it is discharged to water bodies, and these treatments include conventional
and advanced technologies 2, Most of the treatment processes, whether for water or wastewater, cannot be
separated from coagulation and flocculation stages, as part of the treatment processes. Coagulation and
flocculation are parts of a water treatment system that have the main function of separating suspended particles in
water to produce clear and suspension-free effluent [Bl. The step of the coagulation—flocculation process is normally

in the primary treatment of a water or wastewater treatment system 411,

The processes of coagulation and flocculation require the addition of compounds known as coagulants and
flocculants . The main types of coagulants and flocculants used in the treatment of drinking water and
wastewater are divalent positively charged chemical compounds. Negatively charged polymers are also largely
used in water treatment, notably as high molecular weight flocculants . The chemical compounds commonly used
as coagulants/flocculants include iron salts (FeClz or Fe,(SO,)3) 8, aluminum salts (Al,(SO,)3) BIE, hydrated lime

8 magnesium carbonate &, and polymers (aluminum chlorohydrate, polyaluminum chloride (PAC), polyaluminum
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sulfate chloride, and polyferric sulfate) 19, Some of the mentioned compounds have been shown to be effective in

reducing suspended solid concentrations in water.

The application of these compounds is not necessarily free from impacts 1. Several environmental problems due
to the chronic toxicity of coagulants/flocculants are currently being discussed, specifically for environmental
observers worldwide 121311141 |n_depth analysis has been conducted in relation to the impact that can be caused
by the use of chemical compounds as coagulants and flocculants 1SII28IL7I18] The environmental impacts include
increasing the corrosion rate of metallic utilities 221, changing the pH, limiting root elongation, and inhibiting seed
germination 2921 Water and wastewater treatment involving conventional coagulants/flocculants also generates
excessive chemical sludge in addition to the suspended solids to be removed; thus, the handling of chemical
sludge becomes another issue to resolve. Aside from these impacts on the environment, concerns related to
human health arise. Metallic-based coagulants/flocculants are nondegradable or nonbiodegradable, and their
residuals in drinking water can induce a direct impact on human health when consumed and can be accumulated
in body cells [2223] The residuals of chemical coagulants/flocculants, when used in wastewater treatment, in
treated effluent discharged to the environment may be trapped in food chains 22231, Some indications regarding
the impacts of chemical coagulants/flocculants on human health, including central nervous system failure,

dementia, Alzheimer’s disease, and severe trembling, have been reported [24(231(26](27]

Biocoagulants/bioflocculants can be an alternative solution to minimize the environmental pollution and health risks
caused by the use of chemical coagulants/flocculants. Biocoagulants and bioflocculants come from living things or
their parts and are totally organic and biodegradable; therefore, they are environmentally friendly and have minimal
impacts on human health (28], Research related to biocoagulants and bioflocculants has undergone many stages
until their application to treatment processing units 299 Some biocoagulants and bioflocculants obtained from
various sources have already been analyzed and been proven efficient for application to treatment processes as a

substitution for the currently widely used chemical coagulants and flocculants BAEL32][33][34]

| 2. Characterization of Biocoagulants and Bioflocculants
2.1. Origin of Biocoagulants and Bioflocculants

During ancient times, people were not well exposed to proper water treatment. For normal household usage, water
was just boiled and filtered to acquire consumable water. This scenario is still present in certain regions with limited
access to proper water sources and technologies. As time evolved, people found a method to clarify unclean water
by adding some plant powder, which is termed biocoagulant, to turbid water to settle down the dirt. In the 19th
century, metal coagulants were introduced and started to gain global attention. China was the first country to use
alum for wastewater treatment 33, Chemical coagulants were continuously improved afterward to achieve the
highest efficiency and suitability with the greatest operating conditions; hence, enhanced coagulants were

produced, and their relevance developed over time.

2.2. Chemical Characteristics
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Biocoagulants can be extracted from plants, animals, or microorganisms B8E7l The important characteristics of

these sources that enable them to be used as biocoagulants are the contents of polysaccharides 28, protein

polymers 281 and some functional groups 23, such as hydroxyl and carboxy! groups. Polysaccharides, protein, and

some functional groups promote the mechanisms of adsorption, polymer bridging, and charge neutralization

(Section 4.3). Several major compounds that could perform as biocoagulants/bioflocculants are summarized in
Table 1.

Table 1. Characterization of chemical contents in biocoagulants/bioflocculants.

No Type

1

Animal-based

Animal-based

Animal-based

Animal-based

Microorganism-

based (bacteria)

Microorganism-

based (bacteria)

Microorganism-

based (bacteria)

Microorganism-

based (bacteria)

Microorganism-

based (bacteria)

Species

Shellfish

Shrimp shell

Periwinkle shell

Crab shell

Bacillus

agaradhaerens C9

Bacillus

mucilaginosus

Bacillus salmalaya
139SI-7

Paenibacillus

polymyxa

Bacillus
licheniformis strain
W7

Chemical Compounds/Functional Groups

Chitin and polysaccharides

Chitosan and carboxy methyl cellulose

Alcohol, phenol, secondary amide group, amine

group, alkyne group, and polysaccharides

Chitosan

Carboxyl, hydroxyl, amino, and glycoprotein groups

Uronic acid, neutral sugar, amino sugar, carboxyl

group, and hydroxyl group

Carboxyl group, hydroxyl group, amino group,

polysaccharides, and proteins

Polysaccharides and proteins

Polysaccharides, protein, hydroxyl group, carboxyl

group, and amino group

Source

33]

[40]

[44]
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No Type Species Chemical Compounds/Functional Groups Source
Microorganism-
10 9 ] Bacillus velezensis Xylose and glucose 7]
based (bacteria)
Cellulose, lignin, aldehydes, ketones, esters, and
11 Plant-based Rice starch ) g. Y (48]
carboxylic acids
12  Plant-based Lens culinaris Hydroxyl and carboxyl groups 49]
13 Plant-based Cassava Amino acids, carboxyl group, and hydroxyl group 501
14  Plant-based Dillenia indica Polysaccharides 8]
15 Plant-based Potato starch Branched-structure polymers (1]
Moringa oleifera Cationic protein, starch, glucose, fatty acids, and
16 Plant-based J ) . 9 Y (2]
seed phenolic compounds
Moringa oleifera ) ) ) (53]
17 Plant-based ) Alcoholic compound, polysaccharides, and amides
see
Moringa oleifera Amines, carboxylate groups, and alcoholic
18 Plant-based 7 y group 4]

seed

compounds

2.3. Working Mechanism of Natural Coagulants/Flocculants

The mechanisms of natural coagulation are mainly adsorption, charge neutralization, polymer bridging,
precipitative coagulation, and electrostatic patching. The first three are the main mechanisms of biocoagulation, as
described below.
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» Adsorption: Natural polymers provide a free surface to adsorb colloid particles and form larger particles that are
easier to settle down 3,

» Polymer bridging: Colloid particles will attach to a part of a long-chain polymer, while the other free part of the
chain will form a loop and a tail. The molecules will continue to form a larger molecule when the free tail
attaches with another free colloid, increasing the particle size. The correct dosage of coagulants to provide a
free surface for the process is important 52!,

» Charge neutralization: Colloid particles are normally negative in charge and cannot form a larger particle
because they repel one another. Thus, the addition of cationic biocoagulants will produce carboxylate and H*
ions to neutralize the suspension near to zero zeta potential and make the formation of a large floc possible. A
low dosage of coagulants will be needed for the treatment if they have a high charge density.

Natural coagulants produce a five times lower volume of sludge compared with inorganic salts. Dorea [111] stated

that this condition occurs because alum requires as many as three molecules of water hydration to fulfil its covalent

bond, thus resulting in an increment in sludge volume. The sludge produced in biocoagulation is biodegradable,

with high nutritional value, and it is safe and suitable for land usage (biofertilizer) 2857,

In addition to being a clarification agent, biocoagulants have also been reported to have antimicrobial and heavy
metal removal properties, which are effective in high-turbidity water 8. Choy et al. mentioned that aside from
starch, phytochemicals, such as tannins and alkaloids, help in antimicrobial activities. On the contrary, natural
coagulants will increase the organic matter concentration in the water, thus leading to undesired microbial activities
because the antimicrobial efficiency of biocoagulants is normally low. Organic matter will also affect the color, odor,
and taste of water. Accordingly, Gunaratna et al. 58 suggested removing the content in natural coagulants through

simple purification/filtration.

2.4. Ethical Utilization and Toxicity

In coagulation treatment, traces of coagulants may remain in treated water. Hence, the usage of natural coagulants
is safe, and no serious problems regarding pipe corrosion will occur due to their noncorrosive properties. The
application of alum to water treatment has been reported to lead to health problems, such as Alzheimer’s disease
(381, Thus, the substitution of chemical coagulants with green coagulants, which are safer, eco-friendly, and low-
cost, is recommended. Natural coagulants have effectiveness comparable with that of chemical coagulants for
treating wastewater but have not been successfully commercialized yet due to the lack of scientific proof of their

working mechanism and efficiency.

3. Application of Biocoagulants/Bioflocculants to Drinking
Water and Wastewater Treatment

The utilization of biocoagulants/bioflocculants shows reliable performance in treating drinking water and
wastewater. Most of the parameters of pollutants in drinking water and wastewater can be removed via the

utilization of biocoagulants/bioflocculants. Those parameters include the total suspended solids (TSSs), biological
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oxygen demand (BOD), chemical oxygen demand (COD), color, and nutrients. A summary of the performance of

biocoagulants/bioflocculants in removing pollutants in drinking water and wastewater is presented in Table 2.

To summarize the compilation of data in Table 2, the performance of biocoagulants/bioflocculants in removing
pollutants (e.g., TSSs, COD, BOD, algae, and color) is undeniably great compared with that of conventional metal-
based coagulants/flocculants. Biocoagulants/bioflocculants can achieve similar or even higher pollutant removal
efficiency than the conventional flocculants. Most of the countries involved in the research into
biocoagulants/bioflocculants are tropical and developing countries. This phenomenon can be ascribed to the
abundance and diversity of potential resources (whether from waste or by-products), especially plants and

crustaceans, to be utilized as biocoagulants/bioflocculants due to the tropical climate B69],

Plant-based biocoagulants/bioflocculants are still being specialized in this research topic. Most research has
already implemented the utilization of local resources (native plants) or isolation from the indigenous environment
(for microorganisms). However, research that utilizes waste or by-products to seek their potential as
biocoagulants/bioflocculants is still limited ; further study on this particular theme could be a future direction. Most
of the animal-based biocoagulants/bioflocculants come from crustacean studies 81 because the composition of the
chitosan of crustaceans is beneficial for coagulation/flocculation. Additional study on another phylum might be
interesting to provide alternative technologies. Extensive studies on fungus- and alga-based

biocoagulants/bioflocculants will contribute to this topic, considering that research from these sources is currently
still scarce [62163],

Table 2. Performance of biocoagulants/bioflocculants in treating drinking water and wastewater.

. Treated
No. Name Type Function Summary Country Source
Water
1 Achatinoidea Animal-based Biocoagulant  Paintindustry  Achatinoidea shell  Texas LlisE]
shell wastewater could reduce total

dissolved solid
(TDS) by up to
13% for 35 min of
settling time with a
dosage of 4 g/L at
pH 7.9. Optimum
performance of
99.22% was
obtained at pH 4,
4 g/L dosage, and
45 °C.
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The crab shell
could aid alum as
a biocoagulant to
enhance turbidity
removal (97%)
with 0.2 mg/L
dosage after 45
) ) min of settling )
2 Crab shell Animal-based Biocoagulant  Lake water ) Algeria [97]
time. Crab shell
could be used as
a natural aid
coagulant for
drinking water
treatment with the
lowest risks of

organic release.

3 Crab shells Animal-based Biocoagulant  Drinking water  Combining crab India [112]
shell as
biocoagulant and
alum could reduce
turbidity of low-,
medium-, and
high-turbidity
water by up to
74.8%, 96.7%,
and 98.2%,
respectively. This
removal was
higher than that
using only alum as
coagulant. This
biocoagulant
could reduce the
alum dose by up
to 75%, and the
sludge by-product

is readily
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4 Periwinkle shell

5 Shrimp shells

Animal-based

Animal-based

Biocoagulant

Biocoagulant

Petroleum

wastewater

Wastewater

containing oil

biodegradable.
The optimum pH
and biocoagulant
dose for removing
turbidity were 7
and 1.5 mg/L,
respectively.

Varying the
dosage of
periwinkle shell
and pH had a
significant effect
on the
coagulation—
flocculation
efficiency. The Texas [96]
optimum
conditions were
pH 4 and a 100
mg/L periwinkle
shell dosage. The
removal of
particles was up to
83.57%.

The chitosan from  Egypt [95]
shrimp shell as a
biocoagulant
could reduce oll
by up to 96.35%
at pH 4 over 60
min of contact
time. The removal
of oil by using
chitosan was
increased after

adding carboxy
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6 Snail shell Animal-based

Biocoagulant

Wastewater
containing

dye

methyl cellulose
(CMC), with
percentage
efficiency of 99%
at (90% chitosan
and 10% CMC)
with 30-60 min of
contact time.

The snail shell
alone as
biocoagulant
could reduce
malachite green
(MG) dye by up to
60% with a
dosage of 100
mg/L. The
combination of
snail shell and
alum could
enhance the
removal of MG
dye. The optimum
pH for MG dye
removal was
found to range
between 4 and 5.
The optimum
flocculation time
was 30 min with
an alum-snail
shell dosage of
20-100 mg/L. The
sludge produced
from the alum—
snail shell
combination had

better settling

Nigeria
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Microorganism-

7 Alginate
based (algae)
8 Achromobacter Microorganism-
Xylosoxidans based
strain TERI L1 (bacteria)

Biocoagulant  Drinking water

Bioflocculant ~ Wastewater

containing

heavy metals

characteristics
than the sludge
obtained from the
use of snail shell

alone.

Algal alginate has
a high
polysaccharide
content that could
perform as a
biocoagulant.
Alginate removed
up to 98% of
suspended solids Turkey -
from high-turbidity

water. A low

dosage of the

coagulant (as low

as 0.02 mg/L) still

achieved high

turbidity removal.

Achromobacter India [98]
Xxylosoxidans
strain TERI L1
could produce
exopolysaccharide
as a bioflocculant.
The bioflocculant
contained 75%
total sugar, with
72.9% neutral
sugar and 11.5%
protein.
Achromobacter
Xxylosoxidans
strain TERI L1
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9 Bacillus Microorganism-
agaradhaerens based
C9 (bacteria)

Bioflocculant

Wastewater
containing

microalgae

could flocculate
Zn, Pb, Ni, Cd,
and Cu by up to
90%.

A bioflocculant
was extracted
from Bacillus
agaradhaerens C9
and contained
65.42%
polysaccharides,
4.70% proteins,
and 1.65% nucleic
acids. The
optimum
conditions for
producing
bioflocculant from
Bacillus
agaradhaerens C9
were 10 g/L of
glucose, 10 g/L of
yeast extract, and
an initial pH of
10.2. The
flocculation rate
for kaolin
suspension was
95.29%, with
optimum dosage,
pH, and
temperature of 1.5
mg/L, 6.53, and
29 °C,
respectively. The
bioflocculant had

the potential to

China
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treat alkaline

wastewater.

A bioflocculant
(MBF-W7) was
produced using
Bacillus
licheniformis strain
W?7. The optimum
conditions for
flocculant
production were a
5% (v/v) inoculum
size with maltose
and NH4NO3 as
carbon and
nitrogen sources.
The pH and
cultivation time South

10 licheniformis based Bioflocculant  containing ) [51]
were 6 and 72 h, Africa

Synthetic
Bacillus Microorganism- wastewater

strain W7 (bacteria) kaolin and )

Hver water respectively. The
flocculation rate
for kaolin clay
suspension was
85.8%, observed
at pH 3, and MBF-
W7 of 0.2 mg/mL.
MBF-W?7 could
remove turbidity
and chemical
oxygen demand
(COD) by up to
86.9% and 75.3%,
respectively, in

Tyume River.

11 Bacillus Microorganism-  Bioflocculant ~ Starch A bioflocculant Singapore  [99]

mucilaginosus based wastewater (MBFA9) was
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(bacteria)

12 Bacillus
salmalaya 139S|-  based
7 (bacteria)

Microorganism-

Bioflocculant

Organic-rich

wastewater

produced from
Bacillus
mucilaginosus.
The major
component was a
polysaccharide
that contained
uronic acid
(19.1%), neutral
sugar (47.4%),
and amino sugar
(2.7%). The
flocculation rate
for kaolin
suspension was
99.6% with a 0.1
mL/L MBFA9
dosage. MBFA9
could reduce total
suspended solid
(TSS) and COD
by up to 85.5%
and 68.5%,

respectively.

A bioflocculant
(Qz-7) was

synthesized using

Malaysia [100]

Bacillus salmalaya
strain 139SI with
flocculation
activity of 83.3%.
The optimum
temperature, pH,
and incubation
time conditions for
flocculant
production were
35.5°C, 7,and 72
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h, respectively,
with inoculum size
of 5% (W/Vv),
sucrose as carbon
source, and yeast
extract as nitrogen
source.
Bioflocculant QZ-7
could remove
COD and BOD by
93% and 92.4%,

respectively.
13 Bacillus Microorganism-  Bioflocculant  Lake water This study Malaysia [102]
velezensis based investigated the
(bacteria) effects of

incubation time
and temperature
on the production
of bioflocculants
by using Bacillus
velezensis grown
in sago mill
effluent (SME)
and palm oil mill
effluent (POME)
as a fermentation
feedstock. The
highest
bioflocculant yield
(2.03 g/L) ata
temperature of 40
°C was achieved
in POME medium.
The bioflocculant
produced from a
fermented SME
medium (BioF-
SME) showed the
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Chromobacterium
14 violaceum and

Citrobacter koseri

15 Paenibacillus

polymyxa

Microorganism-
based Bioflocculant

(bacteria)

Microorganism-  Bioflocculant
based

(bacteria)

Tapioca

wastewater

Formaldehyde
wastewater

highest activity.
Bioflocculants
from POME and
SME had
performance
comparable with
alum’s in
removing color
and turbidity from
lake water.

Chromobacterium
violaceum and
Citrobacter koseri
were isolated from
tapioca

wastewater and

had high
flocculation
activities of
68.92% and
Indonesia 184
71.38%,

respectively. The
optimum pH and
temperature for
Chromobacterium
violaceum and
Citrobacter koseri
were 2—4 and 6-8
and 40 °C and 30
°C, respectively.

A novel China [101]
bioflocculant-

producing

bacterium (MBF-

79) was isolated

from
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formaldehyde
wastewater
sludge. The
optimum inoculum
size, pH, and
formaldehyde
concentration for
bioflocculant
production were
7.0%, 6, and 350
mg/L, respectively.
The major
components of
MBF-79 were
polysaccharide
(71.2%) and
protein (27.9%).
The optimum
MBF-79, pH,
contact time for
the removal of
arsenate and
arsenite by using
MBF-79 were 120
mg/L, 7, and 60
min, respectively,
with removal
efficiencies of
98.9% and 84.6%,

respectively.
16 Aspergillus niger Microorganism-  Bioflocculant ~ Aquaculture Aspergillus niger Malaysia [152]
based (fungi) wastewater was applied to
flocculate

microalgae from
aguaculture
wastewater. More
than 90%

harvesting
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Microorganism-

17 Aspergillus niger

based (fungi)

Penicillium sp.

Microorganism-

18 and Trichoderma
sp.

based (fungi)

Bioflocculant

Biocoagulant

Potato starch

wastewater

Domestic

wastewater

efficiency was
obtained at pH 3.0
to 9.0 and a
mixing rate of
100-150 rpm.

Two milliliters of

the bioflocculant

produced using A.

niger was able to

remove up to

91.15% of COD

and 60.22% of

turbidity within 20

min of treatment.
Compared with Hong
the conventional Kong [151]
coagulants (alum-

and iron-based),

this bioflocculant

showed nearly

identical

performance with

a lower material

cost and a smaller

yield of sludge.

Suspension of

fungal spores was

proven to reduce

84% (relative to

alum efficiency) of  Iraq [150]
turbidity from

sewage at pH 7.8

with 60 min of

treatment.
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Abelmoschus
esculentus as
biocoagulant is
more efficient for
treating textile
wastewater than
chloride ferric.
Abelmoschus
] esculentus can
Industrial o
Abelmoschus i ) remove turbidity, .
Plant-based Biocoagulant  textile Brazil [57]
esculentus COD, and color by

wastewater
up to 97.25%,
85.69%, and
93.57%,
respectively, with
optimum pH and
concentration of
biocoagulant of 6
and 3.2 mg/L,

respectively.

20 Dragon fruit Plant-based Biocoagulant  Concentrated Dragon fruit Malaysia [148]
foliage latex foliage as

wastewater biocoagulant
could reduce
COD, SS, and
turbidity from latex
effluent by up to
94.7%, 88.9%,
and 99.7%,
respectively, at pH
10. The
biocoagulant
dosage range of
200-800 mg/L
showed consistent
removal of
pollutants. The
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21 Moringa oleifera Plant-based

22 Moringa oleifera Plant-based

Biocoagulant

Biocoagulant

removal
percentage for
pollutants using
ferric sulfate was
higher than that
using dragon fruit

foliage.

Raw Moringa
oleifera seed
contains high
amounts of oil,
which can reduce
the potential for
coagulation
activity. Oil
extraction
significantl
in?:reased t);e Brazll [107]
coagulation
activity of Moringa
oleifera seed. The
utilization of this
biocoagulant
showed 82.43%
oil and grease
removal from

water.

Moringa oleifera Benin [108]
extract contains

dimeric protein.

Utilization of this

biocoagulant

showed 65%

removal of

turbidity, 38% of

COD, and up to
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90% removal of
Pseudomonas

aeruginosa.

Integrating seed
powder of Moringa
oleifera into solar
water disinfection

. ) . o could reduce it
23 Moringa oleifera Plant-based Biocoagulant  Drinking water o Ireland [z
turbidity by up to

85% in 24 h and
remove
Escherichia coli in
6 h.
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