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Abstract

This study delves into the mechanisms underlying coagulation as a primary treatment method, exploring the role of
coagulants in destabilizing suspended particles, organic matter, and dissolved pollutants. It investigates the various types of
coagulants commonly used, such as inorganic coagulants (Aluminum sulfate, ferric chloride) and organic coagulants (Poly-
aluminum chloride, polyamine-based polymers), analyzing their specific functionalities and optimal application conditions.
Furthermore, this study addresses the challenges associated with coagulant-based water treatment, including dosage
optimization, coagulant selection, and the influence of water quality parameters on treatment efficiency. It examines the
impact of pH, temperature, turbidity, and the presence of interfering substances on coagulation performance, emphasizing

the need for tailored approaches in different water treatment scenarios.
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1. Introduction

Water is essential for all life forms, but its availability is
diminishing globally due to climate change and human
activities that degrade the environment. Urbanization,
industrialization, and rapid population growth are contributing
to the continuous contamination of natural water sources."
Many people lack access to clean water, leading to the
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consumption of contaminated water. Common contaminants
include arsenic and fluoride, which can cause health issues
like diarrhea and fluorosis.?! Additionally, polonium-210, a
decay product of uranium-238, is found in some water
sources, and the prevalence of these contaminants varies by
location. In Bangladesh, for example, 77 million people are
affected by arsenic-contaminated drinking water, and globally,
diarrhea claims the lives of approximately 1.9 million children
under the age of five annually, with 78% of these deaths
occurring in the developing world.”! Polonium-210
radioactivity has been detected in the Langat River in
Malaysia due to the natural weathering of granite rock and
human activities like mining, agriculture, and industry."
Water treatment practices vary worldwide, with 70% of water
treatment being carried out by municipal and industrial
facilities in high-income countries, dropping to 38% and 28%
in upper-middle-income and lower-middle-income countries,
respectively.l'! In low-income countries, only 8% of water
undergoes any form of treatment, and over 80% of wastewater
is discharged untreated. Arsenic contamination affects nearly
70 million people globally, and approximately 842,000 people
die from diarrhea each year globally.*) Water contamination
also arises from industrial and agricultural by-products,
including heavy metals like mercury, copper, chromium, and
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lead, as well as hazardous chemicals, dyes, insecticides, and
fertilizers. Improper storage or disposal of household
chemicals can lead to groundwater contamination.! Effluents
from the paper pulp industry, particularly lignin and its
derivatives, are poorly degradable and contribute to water
toxicity. Hyper-salinity can adversely affect microbial activity
in non-salt-adapted microorganisms.) The characteristics of
water, including physical (turbidity, color, temperature, and
electrical conductivity), chemical (total dissolved oxygen, pH,
and alkalinity), and biological factors, play a crucial role in
determining water suitability for consumption.”®! Dissolved
minerals, impurities, and suspended particles in water can
increase its electrical conductivity.[”! Coagulation is a widely
used primary treatment method for contaminated water,
involving the use of natural or chemical-based coagulants,
including inorganic and synthetic organic coagulants.['”! The
coagulation mechanism is based on principles like the
Schulze-Hardy rule and Smoluchowski's particle collision
function, which explain coagulant demand and particle
number changes during flocculation.!'l Natural coagulants are
environmentally friendly, sustainable, and less toxic, making
them a favorable choice that does not alter water pH.['”
Commonly used chemical coagulants include iron salts (FeCls
or Fe2(S04)3), aluminum salts (Al2(SO4)3), hydrated lime, and
magnesium carbonate,/'>!3l along with polymers such as
aluminum chloralhydrate, polyaluminium chloride (PAC),
polyaluminium sulfate chloride, and polyferric sulfate.l']
Inorganic aluminum salts are frequently employed for treating
contaminated water. When added to water, these salts quickly
hydrolyze to form various metal hydrolysis species.!'’l These
cationic species adsorb to negatively charged particles,
neutralizing their charge and causing particle destabilization
and aggregation.'”) The effectiveness of coagulation in
treating contaminated water depends on coagulant dosage and
pH. Most colloids in water carry a negative charge, which can
keep them stable due to electrical repulsion.!'”) High coagulant
dosages and elevated pH levels are required to prevent silica
scaling on reverse osmosis (RO) membranes.!'®

The efficiency of coagulants among Tannin-based polymer
(TBP), FeCls, and Alx(SO4); are as follows- TBP > FeCl; >
Al (SO4)3. TBP does not require any pH adjustment either on
raw or on treated wastewater and achieves more than 8§7%
COD and 99% colour removal than metal salts.l'” Zirconium-
based salts are recommended as potentially feasible
coagulants which lead to a reduction of 46% to 150%
dissolved organic carbon (DOC), as compared to the Fe salt.[2-
2l The WHO has provided the permissible limit of fluoride
content (0.37—1.54 mg/l). In most areas, iron content is beyond
WHO permissible limits (>0.1 mg/l), except in 3.1% area in
the eastern region with 0.06—-0.12 mg/l iron, although iron
concentrations in groundwater are under the acceptable limit
(<0.3 mg/1) as per BIS standard across the district. However,
pH and total dissolved solids were within permissible limits. 3l
Water is continuously contaminated by waste plastics. In this
review, natural and synthetic coagulants are used for the
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treatment of contaminated water. the effects on animals and
plants when using contaminated water for their life.

2. Physicochemical properties of water

Water possesses a high specific heat capacity, allowing it to
absorb and retain substantial heat energy without experiencing
significant temperature fluctuations. This characteristic serves
to moderate environmental temperature changes and stabilize
the body temperatures of living organisms. Water's remarkable
solvent properties have earned it the moniker 'universal
solvent.! This trait arises from its polarity, with water
molecules bearing partial positive charges on hydrogen atoms
and partial negative charges on oxygen atoms. Consequently,
water can form hydrogen bonds with other polar or ionic
substances. Water also exhibits surface tension, signifying the
attraction between its molecules at the surface. This property
enables water to create droplets, maintain liquid surface
shapes, and support biological processes like capillary action.
Water displays amphiprotic behavior, serving as both an acid
and a base through self-ionization. During this process, water
molecules can either donate a proton (H') to generate a
hydroxide ion (OH") or accept a proton to form a hydronium
ion (H3O0"). Hydrogen bonding between water molecules,
driven by the molecule's polarity, contributes to its distinctive
characteristics, including its elevated boiling point, surface
tension, and solvent capabilities.?'** The World Health
Organization (WHO) has established guidelines for
permissible drinking water limits. It is essential to recognize
that these guideline values are designed to ensure the safety
and quality of drinking water, and water quality standards and
guidelines may vary across different countries and regions.?"
The standard parameters of the physicochemical of water are
shown in Table 1.

The specific health risks and symptoms associated with
these chemicals can vary depending on the concentration and
duration of exposure. Authorities responsible for water
treatment and regulation work diligently to maintain these
contaminants within safe limits, minimizing potential health
risks. Elevated lead levels in drinking water can lead to lead
poisoning, which poses various health problems, particularly
in children. These issues encompass developmental delays,
learning difficulties, and behavioral disorders. In adults, lead
exposure can contribute to cardiovascular complications,
kidney damage, and reproductive issues. Arsenic
contamination in water can result in arsenic toxicity, linked to
an increased risk of several cancers, including skin, lung,
bladder, and kidney cancer, with prolonged exposure. Arsenic
exposure may also manifest as skin lesions, cardiovascular
diseases, and neurological effects. Excessive nitrate levels in
drinking water may lead to methemoglobinemia, often
referred to as "blue baby syndrome," predominantly affecting
infants, here nitrate is converted to nitrite within the body,
interfering with blood's oxygen-carrying capacity, causing
bluish skin discoloration and potential oxygen delivery issues
to organs. An abundance of fluoride in drinking water can
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Table 1. Standard physicochemical properties of water.?!

S. No. Biochemical Attribute Refereed Method Desirable Limit  Permissible Limit

1 pH Digital pH Meter 6.5-8.5 No Relaxation

2 Electrical Conductance Digital Conductivity Meter 400 pS/cm No Relaxation

3 Turbidity, NTU. 2130 B. Nephelometric Method (APHA, 2005) 1NTU 5 Max
2540 B. Total Solids Dried at 103-105<C (APHA, .

4 Total Dissolved Solids ( 500 mg/liter 2000 Max
2005)

5 Total Hardness 2340 C. EDTA Titrimetric Method (APHA, 2005) 200 mg/litre 600 Max

6 Total Alkalinity 2320 B. Titration Method (APHA, 2005) 200 mg/litre 600 Max

7 Sulphate Content 4500-S0O42- E. Turbidimetric Method (APHA, 2005) 200 mg/litre 400 Max

] 4500-NO3- B. Ultraviolet Spectrophotometric . .

8 Nitrate Content . 45 mg/litre No Relaxation
Screening Method (APHA, 2005)

9 Total Phosphate Content ~ 4500-P D. Stannous Chloride Method (APHA, 2005) 10-40 pg/litre No Relaxation

10 Chloride Content 4500-Cl- B. Argentometric Method (APHA, 2005) 250 1000 Max.

11 Fluoride Content 4500-F- D. SPADNS Method (APHA, 2005) 1.0 mg/litre 1.5 Max

1 Sodium Content 3500-Na B. Flame Emission Photometric Method 30 uglit No Relaxation

e

(APHA, 2005) Hett

13 Potassium Content 3500-K B. Flame Photometric Method (APHA, 2005) 12 pg/litre No Relaxation
3111 B. Direct Air-Acetylene Flame Method (APHA, . .

14 Ferrous Content y ( 0.3 mg/litre No Relaxation
2005)
3111 B. Direct Air-Acetylene Flame Method (APHA, .

15 Copper Content 2005) y ( 0.1 mgl/litre 0.3 Max

result in dental fluorosis, characterized by tooth mottling and
discoloration. In severe cases, it can lead to skeletal fluorosis,
causing joint discomfort, stiffness, and skeletal abnormalities.
Chlorine-based water disinfection can yield disinfection
byproducts (DBPs), including trihalomethanes (THMs) and
haloacetic acids (HAAs). Prolonged exposure to high DBP
levels in water has been linked to an increased risk of bladder
and colorectal cancer, as well as potential reproductive and
developmental effects.[>*%1 In regions with low calcium (Ca)
content in water, chronic Ca deficiency may occur, potentially
leading to conditions like osteoporosis, characterized by
fragile bones prone to fractures. Inadequate Ca intake can also
heighten the risk of dental issues and contribute to muscle
cramps and spasms. Insufficient magnesium (Mg) intake due
to low mineral content in water may result in Mg deficiency.
Magnesium plays crucial roles in enzymatic reactions, muscle
and nerve function, blood pressure regulation, and bone health.
Mg deficiency can lead to symptoms like muscle weakness,
fatigue, irregular heartbeat, and mood disturbances. While
fluoride is typically added to water to prevent tooth decay,
regions with low fluoride content in water may experience an
increased risk of dental cavities. Fluoride helps strengthen
tooth enamel and guard against acid erosion caused by oral
bacteria. lodine deficiency may occur if water sources lack
iodine, potentially leading to thyroid disorders such as goiter
(enlarged thyroid gland) and hypothyroidism, characterized by
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fatigue, weight gain, and cognitive impairments. -7

3. Coagulants used for contaminated water treatment

The coagulation process involves various factors, including
coagulant dosage, the influence of coagulant aids, mixing
conditions, additional ions in the wastewater, pH levels, order
of chemical addition, cost considerations, effectiveness, and
process control. Achieving optimal treatment outcomes hinges
on determining the right conditions for the process. Inorganic
coagulants, often referred to as metal coagulants,
predominantly consist of aluminum and iron-based
compounds. Examples of aluminum-based coagulants used in
water treatment include aluminum sulfate, aluminum chloride,
aluminum chlorohydrate, sodium aluminate, polyaluminum
chloride, poly-aluminum sulfate chloride, poly-aluminum
silicate chloride, and poly-aluminum chloride with organic
polymers. Iron-based coagulants, also employed in water
treatment, include ferric sulfate, ferric chloride, ferrous sulfate,
poly-ferric sulfate ferric, chloride sulfate, and ferric salts
combined with organic polymers.?Y These chemicals are
favored in wastewater treatment due to their effectiveness,
cost-efficiency, and ready availability. Coagulation plays a
vital role in water treatment processes, facilitating the removal
of suspended particles and contaminants. Coagulants are
substances added to water to encourage the formation of larger
aggregates, known as flocs, which can be easily separated
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from the water. Here are three common coagulants utilized in
the treatment of contaminated water. Aluminum Sulfate (Alum)
(Alx(SO4)3) is a commonly used coagulant in water treatment.
When alum is added to water, it undergoes hydrolysis. The
aluminum ions (AI*") react with water molecules, forming
aluminum  hydroxide precipitates [Al(OH)3]. These
precipitates act as coagulant aids, binding to and neutralizing
negatively charged particles and colloids in the water.
Additionally, the hydrolysis process produces hydrogen ions
(H"), which lower the pH of the water, further aiding in
coagulation. Aluminum salts react with water in subsequent
reactions such as Eq. (1) to (9).12527
Alx(SO4) + 6H20 = 2A1(OH)s + 3H2S04

3Ca(HCOs3): + 3H2SO04 = 3CaS04 + 6CO:2 + 6H,0

Or

(M
2

AlL(S04) + 3Ca(HCO3),— 2A1(OH)3 + 3CaS04 + 6CO,
3)
Ferric Chloride (FeCls) is another effective coagulant used
in water treatment. When ferric chloride is added to water, it
dissociates into ferric ions (Fe*") and chloride ions (CI). The
ferric ions hydrolyze, forming ferric hydroxide precipitates
[Fe(OH)3]. These precipitates function as coagulant agents,
attracting and enmeshing suspended particles and impurities
through charge neutralization and adsorption mechanisms—

chemical reactions between Ferric Chloride salts with water.

Ferrous Sulfate (Copperas)
FeSO4 + 7TH,0 — Fe?t + SO4*
Fe?* +2 OH- — Fe(OH),

4Fe(OH); + 2H,0 + O — 4Fe(OH);

“4)
)
(6)

(N

®)

Ferric Chloride
2FeCl; + 3Ca(OH), — 2Fe(OH); + 3CaCl,  (9)
Polyaluminum Chloride (PAC) is a coagulant composed of a
range of aluminum species with varying degrees of
polymerization. PAC is widely used due to its higher charge
density compared to traditional coagulants like alum. When
PAC is added to water, it undergoes hydrolysis, releasing
aluminum species with positive charges. These positively
charged species neutralize the negatively charged particles in
the water, resulting in coagulation. PAC also forms larger flocs
that settle more rapidly, enhancing the sedimentation process.
The coagulation mechanism involves several steps:
destabilization, coagulant addition, rapid mixing, and
flocculation. During destabilization, the coagulant is added to
water, and the charged particles in the water are neutralized or
destabilized. The rapid mixing stage helps disperse the
coagulant throughout the water, ensuring effective contact
with the suspended particles. Flocculation involves gentle
mixing, allowing the destabilized particles to collide and form
larger aggregates called flocs. The flocs then settle or are
removed through sedimentation or filtration processes,
resulting in cleaner water. It's important to note that the

Ferric Sulfate
Fex(SO4); — 2Fe*" + 35S042°
Fe** + 30H — Fe(OH)3

4| ES Energy Environ., 2024, 23, 1032

selection of a specific coagulant and its dosage depends on the
water quality parameters, target contaminants, and treatment
objectives. Water treatment plants perform extensive testing
and optimization to determine the appropriate coagulant and
dosage for effective contaminant removal. The environmental
impacts of petroleum are often negative because they are toxic
to almost all lifestyles, and there is a possibility of causing
climate change. Oil pollution in the air and in the water can be
toxic and dangerous to the human body. ¢!

The colloidal particles’ sizes range from 0.001 to 1.0 pm
due to them being negatively charged and the small size being
suspended in water. Four mechanisms are used to destabilize
these fine particles using a coagulant; charge neutralization,
polymer bridging, sweep flocculation, and double-layer
compression, which are shown in Fig. 1. The simple addition
of iron or aluminum salts does not produce completely
acceptable treatment results, especially in difficult waters.
Activated silica and natural and synthetic polyelectrolytes
might be added to stimulate floc formation.?®! The role of
adsorption in the removal of heavy metals from water is
beyond suspicion. The performance is always satisfied when
the adsorbents are added in the coagulation process. However,
the cost should be considered in the practical application. The
combined action mechanism of ferric sulfate and calcite is,
that the calcite surfaces are coated by small coagulants, which
behave similarly to the calcite in gravitational sedimentation
and filtration, and thus heavy metals are easily removed from
the water, inorganic coagulants are reinforced through
synthesizing them with other inorganic coagulants or organic
flocculants, which are shown in Fig. 2.9 The types of
coagulant dosages are added to untreated water as shown in
Table 2.

A deep understanding of the reaction between pollutants
and coagulants is needed to achieve high performance in
addition to decreasing the cost and sludge volume. Many
parameters affect the efficiency of the coagulation process for
water and wastewater treatments, and these parameters are
varied to control the optimal conditions for the highest
efficiency. Coagulant dosage, pH, turbidity, mixing speed and
time, and temperature are the main operating factors affecting
coagulation speed. These factors significantly impact the
coagulation process, affecting the effectiveness and efficiency
of coagulants in water and wastewater purification processes,
as shown in Table 3.17%)

Following coagulation, flocculation takes place as the
adjunct to the enhancement of the microflocs formation as
indicated by steps three to five in Fig. 3. Unlike the former
which occurs in\10 s, flocculation takes a longer period of
approximately 20-45 min which is common in water
treatment plants. Flocculation can be further classified into
two stages: the first being perikinetic flocculation and the
second being orthokinetic flocculation. Throughout
flocculation, the size of the flocs will continue to grow until
they reach the steady-state floc size distribution.

© Engineered Science Publisher LLC 2024
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Fig. 1 Charge naturalization, polymer bridging, sweep flocculation, and double-layer compression are shown in the coagulation

mechanisms diagram. Reproduced with the permission from [28], Copyright 2021 Elsevier Ltd.
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Table 2. Limit of coagulant doses for untreated water.
Initial .
Type of . Types of Dosage in pH Removal
Waste-water Source concentration . Reference
metals . Coagulants (mg/L) Values efficiency
in (mg/L)
Simulated ground- Below 0.01
As 0.28 mg/L Al(H20)6Cl3 6 mg/L 4-9 73
water mg/L
0.125-6.25 Fe-based 122.6
As Simulated water e-base 100 mg 6 74
mmol/L WTR mmol/kg
Drai 1
CHsHg . omagecana 1.20 pmol/L  FeCly(H20)x  1.05mmol/L 3.5 75% 75
(Twitchell)
. To 0.08
Mn Simulated water 1 mg/L Al(OH)s3 0.2g240 mL 6.5 me/L 76
. 0.579
Pb Simulated water 5—-100 mg/L Fe(OH)2 4 g/L 55 77
mmol/g
Pb Tap water 17 mg/L Alum 100 mg/L 6.5-7 To 1.3 mg/L 78
0.1;0.14;0.2 To 0.25
Pb Simulated wastewater  0.002 M Fe2(S0O4)3H20n 9-10 © 79
mol/L mg/L°
. 0.187
Cd Simulated water 5-100 mg/L Fe(OH)2 4 g/l 5.5 77
mmol/g
Cd River water 0.3 mg/L Fe2(SO4)3H20n - 7.2 20% (90%) 80
. 0.1;0.14;0.2 Below 0.03
Cd Simulated wastewater 0.002 M Fe2(S04)3H20n 9-10 79
mol/L mg/L¢
Cd Simulated water 10 mg/L FeCl3(H20)x 0.7 g/LL 7 90% 81
Cd Tap water 15 mg/L Alum 100 mg/L 6.5-7 To 0.2 mg/L. 78
0.1;0.14;0.2 To 0.569
Cd Simulated wastewater  0.002 M Fe2(S04)3H20n 9-1 © 79
mol/L mg/L¢
Tp 1.7
Cu Tap water 15 mg/L Alum 100 mg/L 6.5-7 78
mg/L
. 0.612
Zn Simulated water 5-100 mg/L Fe(OH)2 4 g/L 5.5 71
mmol/g
Zn Tap water 17 mg/L Alum 100 mg/L 6.5-7 To 11 mg/L 78
Sh Reservoir water with 6 /L Polyaluminum 5.4 me/L 5-10 0% 22
4 m, —
adding Sb(I1I) He chloride & °
Reservoir water with
Sb 6 ng/L FeCl3(H20)x 20 mg/L 5 90% 82
adding Sb(I1I) He eCl(H20) me °
Ni Tap water 16 mg/L Alum 100 mg/L 6.5-7 Null 78
0.1;0.14;0.2 To 0.389
Ni Simulated wastewater  0.002 M Fe2(S0O4)3H20n 9-10 © 79
mol/L mg/L°
Co Tap water 12 mg/L Alum 100 mg/L 6.5-7 Null 78
®- .o FTe
D o e e+e X%
: 2O TE e
L pP—"
99 ="

Fig. 2 The mechanism of removal of heavy metals in the coagulation process. Reproduced with the permission from [29], Copyright
2022 Elsevier B.V.
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Table 3. Literature review of the Chitosan study.

Coagulation Extraction Experimental ) Coagulation
- Removal efficiency . References
medium Types Setup Medium
Anionic d DD 87%, MW Ch; tralization,
mo'mc ve ° Jar test Dye removal 99% .arg.e nettatization 41
solution 105 g/mol Bridging
Aquaculture DD 90%, MW Biological filter, Bacteria 99.9%, COD Charge neutralization, 42
wastewater (105, 104, 103) Jar test 62.8% SS 62.6%, Bridging
Bentonit DD 95%, MW Eletrostatic patch, Bridging,
erronite 770 Jar test TR 99%, TR 93% crrostatic patell, BHAgIMS, 43
solution varying Charge neutralization
Biodiesel DD 93%, MW L
10c1ese ° Batch test COD 88%, TSS 77% Charge neutralization 44
wastewater 105 g/mol
Brewery DD N/A, MW Bridging, Charge
Jar test COD 50%, TR95% o 45
wastewater N/A neutralization
Clay DD 85.84%, Jar test TR 61.9% - low initial ~ Charge neutralization, 46
ar tes
suspension MW N/A turbidity Bridging
Di DD N/A, MW . .
ary Jar test, Filtration ~COD 55%, TR 97% Bridging 47
wastewater N/A
Domestic
DD 85-98% Jar test COD 90.39%, SS39% N/A 48
wastewater
Drinking DD 85%, MW .
Jar test, Filtration DOC 20.5%, TR 99% N/A 49
water N/A
Fluorit DD 85%, MW .
uor.l ¢ ° Batch test Fluoride 5% N/A 50
solution N/A
H tal DD 85%, MW Cu(II) 9.6%, Pb(1I .
eavy et ° Batch test ulh o, P(ll) Adsorption 51
solution N/A 58.6%
Fe(11) 94.1%, Zn(II)
H tal DD 85-90%, 50.3% L.
eavy et ’ Jar test ° Charge neutralization 52
solutions MW 105 g/mol Hg(1I) 97.5%, Pb(1I)
91.0%
Inc containing DD 89.5%, L.
Jar test COD 84%, Color 99%  Charge neutralization 53
wastewater MW 104 g/mol
Industrial DD 75%, MW L
; ° Batch test Ag(IT) 80-95% Charge neutralization 54
wastewater N/A
Kaoli DD N/A, MW
Ao Tar test TR 95% N/A 55
suspension N/A
Organic DD 95%, MW Charge neutralization,
. Jar test TR 90% L 56
suspension N/A Bridging
Palm oil mill DD 85%, MW . Charge neutralization,
Jar test SS 95%, Palm oil 99% L 57
effluent N/A Bridging
Batch test,
Rice mill DD N/A, MW aren st COD >95%, o
Centrifugation, Charge neutralization 58
wastewater N/A . TSS >95%
Filtration
DD N/A, MW Ch tralization,
Sea water Jar test TR 97.5% .arg'e neutraiization 59
104 Bridging
DD N/A, MW . . TR 96.6%, Bacteria Charge neutralization,
Surface water Jar test, Filtration . 60
N/A 87.5% Adsorption

4. Treatment
microorganisms
Bioremediation is an emerging technology that is widely
employed to remove and reduce metal and soil contamination
from polluted water. The cost-effective and eco-friendly
nature of bioremediation by using microorganisms has an
excellent future perspective. Toxic species present in
wastewater can be modified by using a variety of

of Contaminated Water by using

© Engineered Science Publisher LLC 2024

microorganisms such as bacteria, fungi, algae, and yeasts.l'!
The uptake of toxic chemicals, selection of microbial species,
and the polluted site are essential for the success of
bioremediation.?>7 The main objective of the bioremediation
technique is to treat plastics and xenobiotics by altering the
characteristics of microorganisms which reduces the toxicity
of water as compared to the earlier polluted state. The
remediation technique by using bacteria such as Pseudomonas,

ES Energy. Environ., 2024, 23,1032 |7
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Fig. 3 Flocculation mechanism of the colloidal particles by charge neutralization coagulation in water.

B. subtilis, and endophytes has been used in treating
wastewater.[?’] The process of bioremediation is carried out in
two ways, in situ bioremediation which occurs at a particular
polluted site, and Ex situ bioremediation in which this process
is carried out in an open site away from the original place. The
bioremediation technique mandates the requirement of
microorganisms that occur naturally and degrades the harmful
pollutants to utilize them as their food. The environment which
supports microbial activity results in the success of this
process. Apply the natural coagulant doses for treatment water,
as shown in Table 4.

5. Effect of contaminated water on plants and animals

Contaminants present in water can hinder plant growth by
affecting nutrient uptake, photosynthesis, and overall
metabolism. Heavy metals, pesticides, and industrial
pollutants can accumulate in plant tissues and disrupt their
physiological processes.®*% High levels of salts, such as
chloride and sodium, in contaminated water, can lead to
osmotic stress in plants, causing wilting and even death of
plant tissues. Certain contaminants can interfere with the
reproductive capacity of plants, affecting flower formation,
pollen viability, and seed development.® Animals that
consume contaminated water may experience various health
issues. Chemical contaminants like heavy metals, pesticides,
and industrial chemicals can accumulate in animal tissues,
leading to toxicity, organ damage, and compromised immune
systems.[* Disruption of Reproduction: Contaminated water
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can negatively impact animal reproductive systems, affecting
fertility, hatching success, and survival rates of offspring.
Animals that live in or rely on contaminated water sources
may bioaccumulate pollutants over time, which can result in
higher concentrations of toxins in their bodies.’” This
bioaccumulation can affect predators higher up the food chain.
High levels of pollutants in water can lead to a decrease in
microbial diversity and alter the composition of microbial
communities. Certain microorganisms may be more sensitive
to specific contaminants, resulting in shifts in population
dynamics.'*¥ Contaminants in water can inhibit the metabolic
processes of microorganisms, affecting their growth,
reproduction, and enzymatic activities. This can disrupt
essential ecosystem functions performed by microorganisms,
such as nutrient cycling and decomposition. Changes in
microbial populations and their functions can have cascading
effects on other organisms and ecosystem processes. For
example, a decrease in beneficial microorganisms that
promote plant growth can impact the overall health and
productivity of ecosystems. It's important to note that the
specific effects of contaminated water on plants, animals, and
microorganisms can vary depending on the type and
concentration of contaminants, exposure duration, and the
resilience of the affected organisms. Additionally, the impacts
can be influenced by factors such as the sensitivity of different
species, life stages, and the overall health and resilience of
ecosystems.[#-100]
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Table 4. Apply the natural coagulant doses for untreated water.

pH Removal
Natural coagulants Waste-water Sources  Dosages Parameters L. References
Values Efficiencies
Hibi bdariff:
{iseus sabdartiia Glove manufacturing Turbidity, 87%,
(Roselle seed extract) 60 mg/L 10< 61
. . wastewater COD 43%
Moringa oleifera
Turbidity,
(Drumstick Tree) Laundry wastewater 120 mg/L 5.7 Clng i 84% 62
. . COD, 89%,
Opuntia ficus indica .
. Textile wastewater 40 mg/L 7.25 Color, 99%, 63
(Cactus species) .
Turbidity 87%
Total Organic
o 100%,
Corchorus Olitorius . compounds,
Agricultural 95%,
L. 3mg/L 0 BOD, 64
wastewater 88%,
(Jute mallow) COD,
90%
Cl
Sulphate 93 %
Bamboo (Bamb Electroplati
amboo (Bambusa  Electroplating 1500 mg/L 5.5 TDS 97 % 65
vulgaris) industry wastewater .
Ni 99 %
Moringa oleifera ‘ COD, 61%, 66
sewage, gray water
(Drumstick Tree) ge. gy BOD 65%
Mori leif
orlnga. oletiera Raw surface water 150 mg/L 7 Algal removal 65% 67
(Drumstick Tree)
Moringa oleifera L
i surface water 150 mg/L 7.5 Turbidity 97% 68
(Drumstick Tree)
Opuntia dillenii Highly turbid lak Color, 15%,
puntia di e-nn ighly turbid lake 1000 mg/L olor . 0 69
(Cactus species) water Suspended solids 89%
Nitrati
itrates, 89%.
Cu,
C 100%, 100%,
I
. . ’ 92%,
Banana pith Polluted river water 100 mg/L. 4 Fe, 81% 70,71
Zn, N
Pb 100%,
’ 60%
Mn ’

)

6. Conclusion

The use of coagulants for contaminated water treatment offers
a practical and efficient solution for improving water quality.
By effectively removing suspended particles, pathogens, and
organic matter, coagulation contributes to the provision of safe
and clean water for various purposes, benefiting both human
health and the environment, industrial processes, and
agricultural use. Furthermore, while coagulants effectively
remove many contaminants, they can also introduce by-
products into the treated water, such as residual aluminum or
iron. Thus, proper monitoring and control measures should be
implemented to ensure that the concentrations of these by-
products remain within acceptable limits. Continued research
and development in this field are essential to refine
coagulation processes, minimize by-product formation, and
address emerging water quality challenges, ultimately
advancing the goal of sustainable water management.
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