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Abstract

Abstract —

Purpose — In addition to agriculture, energy production, and industries, potable water plays a significant role
in many fields, further increasing the demand for potable water. Purification and desalination play a major
role in meeting the need for clean drinking water. Clean water is necessary in different areas, such as
agriculture, industry, food industries, energy generation and in everyday chores.
Design/methodology/approach — The authors have used the different search engines like Google Scholar,
Web of Science, Scopus and PubMed to find the relevant articles and prepared this mini review.

Findings — The various stages of water purification include coagulation and flocculation, coagulation,
sedimentation and disinfection, which have been discussed in this mini review. Using nanotechnology in
wastewater purification plants can minimize the cost of wastewater treatment plants by combining several
conventional procedures into a single package.

Social implications — In society, we need to avail clean water to meet our everyday, industrial and agricultural
needs. Purification of grey water can meet the clean water scarcity and make the environment sustainable.
Originality/value — This mini review will encourage the researchers to find out ways in water remediation to
meet the need of pure water in our planet and maintain sustainability.

Keywords Water purification, Potable water, Nanotechnology, Wastewater remediation,
Disinfection of water
Paper type Literature review

1. Introduction

Water is life and it is known that all living beings are dependent on water. Some require
brackish water and many need fresh water for their survival and sustenance. As fresh water
supplies are being exhausted, there has been a greater need to develop renewable water
resources. Many efforts were made to get safe drinking water as an outcome and a scientific
innovation as a competent replacement of conventional approaches is warranted.
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Nanotechnology has emerged as a boon for resolving several issues in the field of biomedical A mjini review

science as well as environmental sustainability (Sudhaik ef al, 2022). Clean water is becoming
O o ) on wastewater

exhausted from our planet necessitating the remediation of wastewater to meet our requirements. utification
Remediation of wastewater can take place by using different types of nanoparticles (NPs), p
nanocomposites and functionalized nanostructures, which can be used for designing efficient
membranes for desalination and purification, antimicrobial agents to decontaminate water,
photocatalysts to remove harmful dyes and pigments from wastewater, nano-absorbents to 697
remove heavy metals from polluted water, highly active NPs to chelate heavy metals, etc. These
versatile applications of nanotechnology also require the stringent testing for biocompatibility
and the residues these technologies will leave on our planet. In this review, we shall discuss about
the need of water in different sectors, conventional method of water remediation, nanotechnology
and nanostructures derived from natural substances for remediation of wastewater.

2. Water needs and purification

Water requirements may be divided into four categories: water for basic necessities, industries
and services, water for agriculture and nature, and water for energy generation. Many rapidly
growing urban and industrial areas in the developing world face water problems, which are
comparable to those faced by industrialized countries (protection of surface- and groundwater
quality) despite limiting the capital to maintain even to the most basic water requirements (access
to adequate water and sanitation facilities). Although current global water consumption has not
yet reached the limit of available freshwater resources, uneven resource distribution has led to an
increased region of the globe encountering severe water scarcity (Ashton, 2002). Water
consumption for human needs increased six-fold and is attributed to mostly excessive water
utilization for agricultural, industrial and household activities. With the increasing population of
the world, increased industrial production and shifting consumer patterns, the overall amount of
freshwater required for human activities is gradually reaching a point when water shortage would
become a worldwide concern. Importing “virtual water” may not be an affordable option for these
nations to deal with water crisis. Water requirements must be stated in terms of their uses, quality
standards, economic sensitivity and volumetric requirements. A considerable proportion of
effluents discharged into water bodies is inadequately or not treated at all, thereby contaminating
water bodies and reducing their viability as freshwater resources (Okoh, Odjadjare, Igbinosa, &
Osode, 2007). This in turn intensifies the water scarcity for a growing number of individuals, since
many of the nations are already experiencing serious water shortage at present. Furthermore, the
ecological water problems in the rapidly industrialized countries are becoming increasingly severe
and increased water consumption has resulted in increased amount of wastewater also.

2.1 Water for basic necessity

When cooling water and energy generation are not taken into consideration, industries
require the volume of water between 8 and 140 m® per capita per year. Water is being used
extensively in hospitals, restaurants, hotels and other public organization for providing high-
quality hygiene and cleanliness (Dziegielewski, 2000). As a result, each individual requires
between 1 and 3 m® of high-quality water each year. The quantity actually consumed now
ranges from 5 to 120 L per person per day, depending on whether water is scarce and/or
people are flushing toilets. Watering the lawn, washing the car, filling the swimming pool and
flushing the toilet are all examples of home water demands (Kurunthachalam, 2014). This
water is generally polluted and must be treated before reusing them.

2.2 Water for agriculture
Water conservation methods, such as improved management, the use of water-saving
technology and the deployment of market-based incentives, can reduce the agricultural water
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423 depending on how the water is delivered to the plant and the fertilizers used. Most parts of life

’ are influenced by agricultural goods, including common commodities such as fuels, textiles,

furniture and feedstock for bio-based goods such as food and feed. Water is a key essential in

farming, and the largest amount of water is drawn from natural sources (Kurunthachalam,

2014). The efficiency of water usage varies from plant to plant. Water consumption might be

698 reduced even more by using micro-irrigation or a similar effective technology. According to

Food and Agriculture Organization (FAO), crops utilize just 45% of irrigation water on an

average. Food production requires far more water than is often presumed. Hydroponics and

drip irrigation can reduce the consumption of water used for farming few types of crops
(Dahan, Babad, Lazarovitch, Russak, & Kurtzman, 2014).

2.3 Water for nature

Although it is commonly understood that water must be reserved for ecosystems, there is
little regard for their benefits, functions and services. Water quality data presented by
different nations are plenty; however, the water quality appears to be impaired in nearly all
places with heavy agriculture, industrialization and increasing urbanization. Freshwater
systems, such as lakes, rivers, wetlands and aquifers, provide the supply of water for people
and food production, and can be considered ecosystems. Wetlands and aquifers play an
important role in water quality maintenance by eliminating hazardous microbes, chemical
pollutants, excessive nutrients and organic wastes. Ecosystems perform at least four distinct
tasks: control, habitat, production and resource functions, and information functions.
Plundering natural ecosystems typically has no immediate disastrous impact; instead, they
are stealthy and enduring until the point of crisis is reached. At the onset of fertilization, the
impacts appear to be good, with increased primary production and improved fish
development. As a result, a number of fish species’ reproduction is impeded since their
eggs hatch in deeper waters. Nitrogen and phosphorus pollution of rivers and lakes has a
significant impact on the ecosystem (Chislock, Doster, Zitomer, & Wilson, 2013).

2.4 Water for energy generation

Throughout the power generating cycle, water is used at several stages, comprising fuel
extraction and production. According to research, in addition to the water used in
hydrothermal energy, a two-fold quantity of water was utilized in the cooling system of
thermal energy generation (Lugman & Al-Ansari, 2020). According to the previous studies,
the energy mix in 2030 will be more water-intensive because the use of coal, oil, nuclear and
hydropower will decrease, and the use of biogas, wind and solar energies will grow. The use
of biomass for the production of biogas is water-intensive, which will also grow. Water
distribution demands a lot of energy, but energy generation requires a lot of water in
operations like thermal plant cooling systems or raw material extraction. Large dams
presently provide around 19 % of the world’s power. In accordance with the model research,
the energy sector drained approximately 8 km?® of freshwater in 2005, of which 6.8 km® were
utilized for the cooling of thermal power plant and nuclear power plant facilities.

3. Need for purification

The water usage of ecosystems is a rough estimate, and the figures given may vary by up to
25 %. The overall volume of water for ecosystems will remain constant, as will the yearly per
capita demands for ecosystems. As saltwater can provide a large amount of fresh water after
purification, desalination of saltwater has received a lot of interest as a solution to the
growing worldwide need for fresh water (Shatat & Riffat, 2014). The dynamic research of
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water purification involves the process of removing undesired chemical or biological A mini review
contaminants that affect our use of fresh, consumable water. Desalination can satisfy the
. . - on wastewater
need for water by breaking down the functions of water usage and their importance to S
¢ . own | > e purification
people’s well-being. Water purification could be a costly process considering the long-term
maintenance of the purification plant, time-intensiveness and possible environmental impact.

4. Conventional applications for water treatment 699
The optimization of standard potable treatment plant suggests that “to attain the foremost
economical or effective use of” the water treatment plant, certain principles should be followed.
These include the consistent production of high-quality finished water on a continuous basis
and the importance of focusing on the overall process. As a “treatment train,” a conventional
water treatment plant contains many series steps and units (coagulation—flocculation,
sedimentation, filtration and disinfection). Every stage ought to be optimized in terms of
design, method and operation (Howe, Hand, Crittenden, Trussell, & Tchobanoglous, 2012). As a
result of additional demanding regulations, the plants ought to manufacture water of a stronger
quality and, therefore, totally different treatment processes are placed asynchronous to satisfy
the guidelines. Water treatment plants are already functioning for quite a century and has
become cumbersome. Some treatment processes involve particle exchange and absorption
water utilities, which is a combination of treatment method and foremost acceptable to treat the
contaminants found in raw water. Among the many desalinization processes are multi-stage
flash distillation, multiple-effect distillation, membrane distillation and reverse osmosis.
Conventional drinking water treatment plant consists of the following stages:

(1) Coagulation and flocculation
(2) Sedimentation

(3) Filtration

4) Disinfection

(1) Coagulation and flocculation: There are a number of conditions that should
be monitored to ensure that the clarifier is operating at or below the design
capacity, including the loading rate and flow per unit area (m/m/h or m/h), typical
loading rates, traditional sedimentation (up to 4 m/h), conventional inadequate
air loading (up to 20 m/h), high-rate insufficient air loading (30—45 m/h) and
ActiFlo (40-60 m/h). Frequent currents caused by variations in temperature
inside the containers, excessive loading levels, poor air flow and weak equipment
due to uneven flow of inlet or circulation patterns can result in sudden changes in
water conditions, substandard or excessive doses, mud and insufficient air
quality. These are common causes of misalignment. The different stages of
flocculation are shown in Figure 1.

Coagulants

l RAPID MIX
l DETENTION FLOCCULATION

Influent 30 sec-2 min 20 min-45 min 1-4 hours

Figure 1.
FILTERATION Steps involved in
flocculation

Source(s): Author’s Work
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AGJSR This particle conglomerate is removed from the water prior to filtration so that the
423 improvement of sedimentation/clarifier should be presented by many modalities. If there are
’ consistent results of <2 NTU (Nephelometric Turbidity Unit), it is stable, but when faced with
rapidly changing water quality conditions, it produces a consistent quality sludge with
sedimentation of 0.5-1% of total solids. Bulk circulation occurs in poorly constructed
flocculation basins, resulting in high localized entry velocities. Coagulation and
700 sedimentation are combined in certain designs (either upflow solids contact units or sludge
blanket units). Inlet flow mal-distribution is generally caused by poor inlet channel design,
and sometimes it can be caused by uneven inlet weirs. To neutralize the negative charges on
non-settleable particles, coagulant chemicals with charges opposite to those of the suspended
solids are introduced to the water (such as clay and color-producing organic substances). In
both form of units, the cross-sectional surface of the basin increases as it goes from bottom to
upward, causing the water flow to slow down as it rises. This allows floc to settle and
sediment. Most upflow solid contact units employ recirculation of previously produced flocs
to improve floc development and maximize the use of treatment chemicals. Better flow
distribution typically necessitates the introduction of head loss, which can be difficult to
mitigate without causing floc damage. Due to surface warming, density currents are worse in
the big sedimentation basins (Howe et al., 2012).

(2) Sedimentation: Coagulation, flocculation and sedimentation are all included in
certain designs (either upflow solids contact units or sludge blanket units). To
improve floc development and make use of the most of treatment chemicals, most
upflow solid contact units recirculate previously produced flocs as we discussed
earlier. In comparison to traditional therapy, combination units have greater rise rates
and shorter detention times. Prior to design, an onsite pilot plant evaluation by a
trained engineer familiar with the water quality is advised. These units are smaller
and require less land for installation of the plant.

(3) Filtration: Visual inspections should include “cracking” at the media substrate,
sand detachment at the filter walls, visible algae growth, filter media in troughs,
monitoring whether scaling or fouling has changed the aftermath characteristics of
the media, depth uniformity of media, level of wash water troughs, freeboard-top of
media to underside of the trough and effectiveness of surface materials reaching the
corners. There are several essential aspects of filter appraisal safety to consider.
These include never walking directly on permeate, ensuring that the filter is
completely drained before entering the filter box, being aware of filter
appurtenances, and using a safety harness where appropriate, especially during
bed liquidation testing. There are a variety of options for preventing poor filter
performance, including optimizing filter backwashing, adding filter-to-waste,
using filter assist polymers and adding coagulant or other chemicals during
backwashing of the water. Backwashing instantly re-classifies bed to position the
finest grains at the surface, thus utilizes multi-media (Piri, Homayoonnezhad, &
Amirian, 2010), backwash waste characterization, floc retention and profiling to
create a “good” filter design. The most efficient media design includes the biggest
media at the top and the finest at the bottom. The increased flow of material and
bacteria through coarse-grained media filters immediately following by-product
formation is a common issue known to the water purification community as filter
developing or maturation. According to another study by James et al, many
parameters, such as continuously <0.3 NTU, particle counts 50 particles/ml,
lengthy and predictable filter runs (24+ h), and low premature particle breakout are
touted as “good” filter performance.
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(4) Disinfection: The production potential of disinfection by-products (DBPs) was A mini review
dgtermmed in samples from various lqcat1(_)ns of water resources for‘ supplying on wastewater
drinking water treatment facilities using improved analytical techniques. The fication
development and refinement of analytical techniques for determining DBPs in water purl
are critical steps in estimating human exposure after water treatment. The
procedures were applied to water samples from two different sources to assess the
formation potential of the DBPs investigated during chlorination. Chlorine, 701
chloramines and chlorine dioxide are the most often utilized disinfectants, not just
at the treatment plant but also in the pipes that transport water to our houses. DBPs
are formed when disinfection procedures are used during water treatment. The
undesirable side effect of using ozone in drinking water treatment is the development
of chlorinated and brominated by-products. Although ozone is a potent disinfectant
and UV radiation is an efficient disinfectant and treatment for reasonably clean
source waters, neither of these disinfectants or treatments are successful in
controlling biological pollutants in distribution pipes. To prevent tooth decay,
fluoride is added, and a rust inhibitor is added to protect the pipes that transport
water to houses and business places. According to the previous studies, the presence
of DBPs in drinking water is a major source of worry. To destroy and/or inactivate
any residual germs, chlorine is added to the water. To guarantee that potentially
harmful bacteria are eliminated, water is often disinfected before entering the
distribution system (Howe et al., 2012).

5. Nanotechnology in wastewater remediation

Nanotechnology has been used in biomedical science, environmental applications,
biosensors, nanomedicine, targeted drug delivery, imaging and theranostics
(Agraharam, Saravanan, Girigoswami, & Girigoswami, 2022; Balasubramanian,
Girigoswami, & Girigoswami, 2023; Deepika, Gopikrishna, Girigoswami, Banu, &
Girigoswami, 2022; Girigoswami, Girigoswami, 2021; Haribabu, Girigoswami, &
Girigoswami, 2021; Jagannathan, 2022; Keerthana ef al, 2022; Vedhantham,
Girigoswami, Harini, & Girigoswami, 2021). The use of nanotechnology and natural
compounds has been used recently for the treatment of wastewater (Abdelghaffar,
Abdelghaffar, Mahmoud, & Youssef, 2019; Ilame and Ghosh, 2022). By reducing the
cumulative energy consumed during the synthesis or production process, nanomaterials
have been used to solve water pollution. It has already been discussed how nanomaterials
can be recycled and manufactured, as well as their use in water/wastewater remediation by
previous researchers. Various methods of NP synthesis have been discussed along with the
summary of sorption capacities of different nanomaterial-based sorbents for different types
of water pollutants. Nano adsorbents, nano catalysts, electrochemical advanced oxidation
process and water nanofiltration have been explained elaborately (Elgarahy, Elwakeel,
Akhdhar, & Hamza, 2021). Yadav et al. described the different types of pollutants that
contaminate water bodies including persistent organic pollutants, surfactants, dyes,
phenolic resins, pesticides and heavy metals. The book chapter discusses about
bioremediation, chemical wastewater treatment, NP-assisted remediation of wastewater
photochemical, sonochemical and electrochemical methods. The role of magnetic NPs was
focused because of its application toward nanoadsorbent (Yadav, Gupta, & Sharma, 2019).
Several publications have summarized the role of nanobiotechnology in the remediation of
wastewater (Kamali, Persson, Costa, & Capela, 2019; Khan et al., 2019; Sahu, Zabed, Karri,
Shams, & Qi, 2019; Werkneh and Rene, 2019). Figure 2 shows the different sources of water
pollutants and remediation of wastewater using nanotechnology.
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Figure 2.

The schematic
representation of the
various sources of
water pollutants and
the kinds of
nanoremediation
methods using
nanoadsorption,
photocatalytic

degradation and anno-

assisted membrane
filtration to yield
clean water
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Different types of pollutants accumulate in water Various Nanoremediation  Purified Water
bodies methods

Source(s): Author’s Work

Table 1 summarizes the different research reports, including review papers and original
research on the topic of green sustainable wastewater remediation using nanotechnology.
Titanium dioxide (TiOz) and zinc oxide (ZnO) NPs have been widely used as
photocatalysts for the remediation of wastewater (Bognar, Putnik, and Soji¢c Merkulov,
2022). But their band gaps are too high, which makes to execute photocatalysis using UV
light portion of the sunlight, which is only 3—4%. To decrease the band gap, many innovative
combinations are used with TiO, and ZnO NPs so that they can be more effective in
photocatalysis in the presence of sunlight (Nam, Lim, Ko, & Lee, 2019). In the removal of
hazardous pollutants from wastewater, nanomaterials made of metals and non-metals oxides
are extensively used (Saikia, Gogoi, & Baruah, 2019). Since iron is abundant in nature and the
synthesis process of ferric oxide NPs is cost-effective, it has been widely utilized for a variety
of purposes. As a result of their large surface charge, redox potential and reusability, iron-
based NPs are mainly used for removing dyes and heavy metals from water. For adsorption
to occur, several factors, such as pH, adsorbent dose, temperature and incubation time, must
be considered. A variety of additives, such as aminopropyltrimethoxysilane, can be used to
increase the adsorption of Fe,O3 NPs (Palimi, Rostami, Mahdavian, & Ramezanzadeh, 2014).
In addition to its zero-valent properties, nanoscale zero-valent iron (nZVI) can catalyze the
reduction of heavy metal ions, for example, hexavalent chromium, to trivalent forms, which
causes Cr to be separated as insoluble hydroxides. The magnetic properties of nZVI and its
quick oxidation cause it to coalesce into large aggregates. Thus, surface active sites are
blocked, reaction rates are decreased, and inactivation often occurs quickly. ZVI NPs coated
with chitosan have been shown to be effective at removing Cr(VI) from water by reducing it to
Cr(IIT) and precipitating it together with Fe(Ill) (Qiu ef al., 2020). On the other hand, Fe;0, and
v-Fe;03 are popular owing to their high abundance, reactivity, low-cost, ease of reusing,
separating and environmental friendliness. Since the magnetic NPs are highly reactive in an
aquatic environment, they are susceptible to corrosion, which reduces their life expectancy.
Most of them are thus coated with porous carbon, mesoporous silica and
thiosalicylhydrazide. Other than iron oxides, zinc oxide (ZnO), manganese oxide (MnO)

Downl oaded from http://ftp. nowpublishers.conl agjsr/article-pdf/42/3/696/ 9494517/ agj sr- 02- 2023- 0069. pdf by guest on 25 June 2026



111 review

on wastewater
purification

Am

703

Table 1.

The different kinds of
nanomaterials used for

remediation of water

(panunuod)

(1202) 17 2 uays

(6T02) 2Aequry pue auaAag

(1202) I 12 Wesy

QourwLIofRd SUIOAD (RIS YIM PIUIUIOD SI[IAD U] I9AO
paatesqo st Ayoeded uoneziuowp |3 Swr g/ 9T Jo uondIpaid
WLRYJOST ANWISUL'T "90UBWLIOJId UOIJBUI[BSIP PIdUBYUS

MOUS (Seqnyoorr uogIed snoiod padop-usgoniN ) STIND

-N 93 ‘sojdures padopun 0} uosLredwod Uy sy SuljSIXs J9A0
pai10[dxa SuIa( 918 SSBWOI] A)SEM WOIJ PajeIoUasd Saqnjolorut
uoqIed snoiod padop-UuaSoLjIu MaU ‘UOLBZIUOP dA1IdRdR) U]
uonedyLnd 1jem jo

SPOYJRW [BUOHIUSAUOD JUSISFIIP 34} JNOCE PISSNOSIP dARY AT,
'son.1doad [BLISIORGIIUR JUS[[9IX SARY AU} ‘TSUNJ PUR SISNIIA
‘BLI9JOR( 0} JIX0) AIDA dIe (SINSVY) S9[o111edOuBU JOA[IS Sy
*£30[0UD3} JUSUEBAT} T9JBM UI PISN OS[E a1 SN 1910 ‘STND
PUEB S9PIXO0 UOJI {(QUZ) SIPIXO0 JUIZ (601 ],) SOPIX0 wniuer (8y)
JOAJIS SOPISAE TAZU 94} YSNOIY) PAJBUIUI[S 3¢ UBD SJUIWI[D
9ATJOROIPRI PUB SPIO[[RI_W ‘S[ouayd ‘SaAp d1ursio ‘spunoduwod
JnjRWOIROLIU ‘SajeIo[yaIed ‘sajeydsoyd ‘seyeniu ‘spunodwod
PpajeurioyoAfod 9y J, "s9sse001d uorjeidoaid-0d pue
uondIospe 10J SUIMO[[E SB [[9M SE ‘(ULI0J JUS[RALI} 0} JUS[BARXAY
WOIJ PIONPAI ST WINIWOIYD) SWLIOJ 3JBS 0JUT PALIDATOD 3

0} S[BJOW J1X0) SUIMO[[B ‘IOqLIDSINS U0 UR SB SAAIS [AZU
PassNoSIp a1em sanoeded uondiospe Iy}

U0 ANSIWLYD 19)BM JO S}09JJ9 9} PUB UONBZLISIOBIRYD JDY) SB
[[oM SE ‘UOIJBZI[BUOLOUN] 1O UOEIYIPOW 0BLMS ‘UonedyLmd
‘SN JO SISOUIUAS 9], "SI9JeM PI)BUIUEIUOD WOLJ SUOT [BJowl
AABIY 10 SOIURSIO SUIAOWAI J0J ST N JO Jotaeyaq uondiospe
PUe S)uswdo[oAp JUSI3T PAZLIBWINS SARY SIOUDIBISIY

S9qnJoI01 UoqIed snoiod padop-uasonIN

seyrsodwodoued pue STN)
‘SN 9PIXO [IoW (S[AZU) SIN [BISW JUS[BA-0IY7

SLND Pazifeuonoun,

€

SAOUAIJY

Apn3s 9y} Jo awoNN()

Posn S[eLIB}BWOUERN

N

Downl oaded from http://ftp. nowpublishers.conl agjsr/article-pdf/42/3/696/ 9494517/ agj sr- 02- 2023- 0069. pdf by guest on 25 June 2026



(panuruoo)

(6107) IPIPPIS pUB ‘Wey ‘LIewny]

(120¢) BIoL] Pue WpIed ‘[9ed ‘uref

(0202)
TUIYaY) PUE ‘YeNPAY ‘WRYS ‘P ‘TSse|[

(0202) 1v 72 1SSRI[

PASSNOSIP Uaaq OS[B SBY SJUBRGIOSPBROUBU
JO UOIJRISULSAI 9 ], PI)RIOCR[S Uasq dARY sjueinjjod
[B2130[01q PUE JIULSIO (S[BIOW SNOSUER[[AISIW PUR IN ‘N ‘qd ‘P
‘1) ‘sy) oruesiour Surpnpour syueinfjod Jo sadA) JUSIIIP Ay ],
“I9JeMI)ISEM JO uonedLImd JOF MITAI SIY) Ul paziseydus Uusaq
SeY $9)1s0dW0d0URU JO 9[01 9Y ], “Uodn PAJRIOCR[S A[QAISUI)IXD
U993 9ARY ‘SOPIXO0 WNIUTUIN[E PUER SAPIXO 3SUBSURW

‘S9PIX0 UOII SUIPN[OUI SJUBCIOSPR PISBY-9PIX0 [BISUW PUR PISe(
-[EJOU S [[oM SB ‘SJUBRGIOSPE PISB]-UOCIRd 3Y ], ‘PISSNOSIP
SeMm JUSWIIEAT) JOJEMAISEM UI SN PUe uordIospe Jo $sa001]
A30[ouyd9jourU SUISN JUSUIJEAT) I9JEMIISEM 0) UOTJR[DI

ur paIpn}s Suaq a1k jey) A30[0Uydd) JOSUSS PUB UOLISJUISID
‘sisATereoojoyd ‘vonengoueu ‘uondiosorq pue uondiospe

UO PISB( SPOYISW PIMITAIT AR SIOYIILISAT JUSW eI}
19)BMI)SBM J0] AS0[0UNI9]} 19339( B JO JustdO[aAdP A} 10,
I G AUO Urim

-3 3w 1T Jo Ayoeded uondiospe ue pue 9,876 Jo LOUINYID
[eAOwI B pajensuowap 1sodwod siy3 ‘g Hd pue smjeredus)
WOO0I 1Y "I9JRMI)SEM WOIJ [BJo ([])P)) I1X0) I0J JUSCIOSpL

ue se amjesadus) Wwool Je (S-¢) 9)Iuojus( paziue[isojdedtsuwt
0} paredwod Sem PUB ‘XI[B)-S-¢] SB UMOUY Sem

Sy [, ‘paredaad usaq sey suatel§]xI1ed/A.[d PLIGAY Jo 9dA} [9A0U
B ‘QUAIE[H]XI[BD PIR[AUAN[R UR PUB AB[D PRJB[OIY) B UdamIaq
UOL)IPPE. SUA-[OIY} PRIRIPSW-[RIIPRI paonpur-ojoyd jsej e Suis()
1Ny ay) ur suoredijdde Jusunes) Jayem Jo AJSLIBA B I0J Pasn
3¢ P[Nod S(ID-HD ‘SNY.L, "D, GZ & ;_8 8w 7T sem Ayoeded
uondIospe wnuwixew ay) ‘g Em B Apn3s 3y} 03 SUIPI0ddy
"SUONBUILLIN[T JYSI[ A[) JOPUN I9)SE] SO} MNOJ D7) SAOWRT
03 dqe 1M S(T)) JuRdsaurunjojoyd ay J, "SI0 Pue H) WoIy
paredard sem wyy ay1sodwodourU [30IpAY PLIGAY (I)-H) V

S9)1S0dWOJ0URY ‘SIPIXO [B}OUI PUE [BIOUI
‘paskq UOQTeD [SHUBCIOSPEOURU JO S9dA) JURIHI(T

sy10ddns snoJodosawr Uo JOAB[OUOWT
PI[quISsSe-J[3s pue s1swA[0dolq ‘9N[09Z ‘SN
[BJOW ‘S[ELISJEWOURU PISBJ-UOCIRD ‘SN ILIBWA[O]

Xeys-d

iy 9ysodwodouru
[0501pAY PUAAY (D) SI0 UOGTR) (D) UBSOIT)

SERIICACIEN |

Apm3s 3y} Jo AwooN())

oSN S[BLISJBWOUBN

0N

AGJSR
42,3
704

Table 1.

Downl oaded from http://ftp. nowpublishers.conl agjsr/article-pdf/42/3/696/ 9494517/ agj sr- 02- 2023- 0069. pdf by guest on 25 June 2026



705

ni review
on wastewater
purification

Am

Table 1.

(panunuoo)

(020¢) zoTeATy eSOy
B[ 9p puE ‘ouanbn]-Zopueiio, ‘onse)
“BUJJ ‘0I9.LIOND)-BUI[O[\] “ZOUNN-ZaNDZBA

(120g) eurres
pue ‘TueARI] ‘Ipelleg ‘Yapezye[joiseN

(0Z07) deopes pue reseN

pazLrenqe) sem AJUSIDIIS [RAOWSI

I19Y} pue Jojem wotj syuen[jod sAouwaI 0) Ayoeded J9y) J0f
PaI0[dxa 919m SOSUOASOURU PUB SI(NJOURU ‘S9)1SOAWOd0URU
‘SOUBIQUIDWIOURU ‘SIapModoueu ‘SN ‘S[eISAI00ueN

“way) 03 d[qedridde JIomawey A10)RNSAI [RUOI)RULIDUL

9} pue AN[IQRUIR)SNS 0] 3)NLIU0D SALFO[OUYIS) S} MOY PUB
‘S[eLID)BWOURU 0} SUISC SUIAL[ JO 9SUOASI 9j) INOCR PISSNISIP
A9, "S[eLID)RWOURU A(| PI)SISSE UOLRIPIWRIOL] Jo sajdourid
9} 9ZAJeUR 0} SOXLIJEUI [EJUSWUOIAUS YIIM SUOLIBISIUIL

T3} PUB ‘SN SUIPN]OUL ‘S[BLIS)BWOULRU PIUIWEXD A3Y ],
S9130[0POYISU PUE S[BLID}BWOURU SNODBUOGTED

PIOUBADE S [[oM SE ‘MIIAII SIY) UT POPI[OUL 9I. JUSWBIT) Jo)em
PUNOIS PUE SULULIP ‘19)EMI)SBM 0] SJUICIOSOURN "SIISEM
[eLgsnpur pue [eannadeuLteyd oy Ajrenonred ‘1ojemajsem
pue 19em Jo uonedyLnd pue Juswies) sy} 10y sstuoid
JUBDIJTUSIS UMOUS dARY ‘Sjop wnjuenb susydels pue uoqred
wox pue ‘L) pue susydels Wo.LJ PIALISP S[BLIS)BWOUBN
[TBJOP UI PISSNISIP USA( JARY JoJBM UBS[D

9[qepJojJe puk J[qeure)sns ur sepiunjoddo pue ‘woneqnour
PUE SSaUISN( ‘UOTJBZI[RIDISWIWIOD ‘PasT S[BLIS)BWOURU 9}

JO WISDUO0D AJIJIXO0} ‘I9)eM UBI[D J0J SISATRJRD PUR SIOSUISOURU
J[qepIojJe ‘SunsoAley I)em dLLydsow)e (Jeoruayd pue
[BULISYJ) UOLBUI[RSI(] "UONBIUswa[dul 19y} SULINSUD JO SULIS)
U JSTX Jey) SanLIRdSIP 931e[ ) U}IM SUO[R ‘SI9YIIBISAI ) Aq
PAussaId Uss( SBY SUONN[OS USALIP-AS0[OUYI}OURU JO SN Y,

S[ELID}RWOUEBN]

sjop wnjuenb
duaydeis pue uoqied ‘L) pue ausydeis ‘ST N)D

UOTJRUI[BSIP Ul Pash SIN

01

SAOUAIAJRY

Apn3s 9y} Jo awodN(Q)

Posn S[eLIB}RWOUERN

N

Downl oaded from http://ftp. nowpublishers.conl agjsr/article-pdf/42/3/696/ 9494517/ agj sr- 02- 2023- 0069. pdf by guest on 25 June 2026



Jewmny[ pue ‘ueAep() ‘enn(] ‘euLreys

(2200) 17 12 wppN

(6102) 1712 BUZ

AJIATIOR J1)B]ISOLISIOR] UM

(%6°66 2A0qB) AOUSIIIIIL [eLID)IRGIIUR YSIY PRy SUI}B0d SUIXIA
9], "uoneUIM[I Ie[os Jo oy 1od w3y §'T uoneiodesd

J0 91e1 yym Aousmonge uondiosqe ySI| % 76 PONJIyX
9SO[N[[29/AUSXIA U], “UoreoyLINd J1ojem IO UOT)RIOABAD WEI)S
USALIP-TB[OS JUSIONJR ATYSIY J0J UIRI8Y PICLIOSSP ST SUBIQUISUI
9SO[N[[90 PIROI-DUIYJA] B SUIUIBIU0D SUBI(UILW [ewdyojoyd
Snoaqry SurmoJoIqrue A[IX3J B SUI)BILICE] J0J POYISUT MU Y
PISSNOSIP OS[E 218 A30[0UJd) SUBIUISW

JO SUOLBJIWI] PUB SOSBIUBAPE I ], "APrYS ST} Ul PIsSnosIp
91k SOURICUIDW SNOIGIouRU Undsoxnds[a Aq paoe] wejqoid
9} SWOJIGA0 0} SUOIN[OS PUR ‘SUBIQUISWI SNOI]IJOURU

JO SUOIB)IWI| PUB SILISW ‘SaNbIuyd9) SuLmjornue
‘sayismbaiald ‘AJIqEUTRISNS SUBIUIAW SNOIGIJOUBT
undsono9[e Uo $9epdn Jusdsy "S[RIIULYD JB[NWNIOL

JOU Op PUEB B3aIR 9JBJINS 931e[ B dARY ‘9[qenp ‘snojodoueu
JUIIOIJS ‘O[qBPIOJJE ‘S[(BUIBISNS a1k A3Y) 9snedaq uorjeoyrmd
Io)eM IO PIsN 1B SOURIQUIDW SNOI]IJOURU JLIWAT0d SNOLIRA
danjeu ur anbrun

91k A91]} 9snedaq AJJUSIDIIIS I9JeMA)SEM JBaT) 0 (030 V(O ]
COISDTOE0D ‘02 ‘0PN)) S9NSOAWOd0URU PISN SIIILISIY
*1oddoo pue j1eqood ‘1oddod Ouiz ‘peay sk yons ‘sjejeut

Aaeay Surzijejuswiredwod Jo sjqeded [[e 1. B)RLRG puR
Sn[org ‘I930ROIYLIY ‘B[[SUIYS ‘SNIJ0I0IMA ‘WINLIDIIRJOIIIA
‘Sn[oeq ‘SASLJUBAPESIP PUE SISBJUBADE JI9Y) UM
suondIosolq pue UONRZI[IIB[OAOI] ‘FUIYILI[O1( ‘SILFO[0UI}
JUBJORLINSOI( ‘SUOLB[NINIILOI] ‘suone)idiaidorq ‘Suononpax
—UOI}BPIXO ‘SUONBZI[BISUIIOI] U0 Pade]d ST siseydius ) Aym
ST YIIyM ‘AJ91008 0] [RIDIAUS( 3¢ 0} UsA0Id SBY UOTJRIYIXOI9P
19]JBMBISEM OJUT SICOIIII JO UOTIONPOIUL 3, *S[EISU AABIY
SUIAOWAI A( JOJEMIISEM JO JUSUWIIBAT) S} PISSAIPPE MIIASI
1Y} ‘s931S0dWOd0URU JJQUSBUW YIM S3]OIOIW SUIUIqUI0D Ag

JIOM S JOYINY :(S)32mog

QUEICUIAUI 3SO[N[0 PAJBOD-IUIYN

SOUBIqUIAW SnoIqIjoueu undsoo9]5

SAN dueuSeN

€l

4

1T

Apm3s 3y} Jo AwooN())

oSN S[BLISJBWOUBN

0N

S

AGJSR
423

706

Table 1.

Downl oaded from http://ftp. nowpublishers.conl agjsr/article-pdf/42/3/696/ 9494517/ agj sr- 02- 2023- 0069. pdf by guest on 25 June 2026



and magnesium oxide (MgO) are also effective in the removal of heavy metals like arsenic, A mini review
cadmium and zinc (Saikia ef al., 2019). ‘ . ) on wastewater

The carbon nanotubes (CNTs) are also extremely effective at absorbing organic pollutants fication
due to their high surface area and the ability to interact with them through a variety purl
of interactions including hydrophobic, n-n, hydrogen bonding, covalent and electrostatic
interactions. Adsorption on CNTs can occur at four different sites: the inner site, the
interstitial channel, the external surface and the peripheral groove (Das et al., 2017). Graphene 707
oxide (GO) nanosheets, however, have emerged as alternatives to CNTs due to their higher
cost. To increase heavy metal adsorption, GO contains selective hydrophilic groups like
carboxylic acids and hydroxyl groups (Reynosa-Martinez et al., 2020). Dendrimers and
nanocellulose are also investigated as adsorbents for wastewater treatment. The best
characteristics of nanocellulose are its biocompatibility, biodegradability and cost-
effectiveness. As an adsorbent, dendrimers are effective for both inorganic and organic
pollutants. Adsorption of hydrophobic organic compounds occurs on the hydrophobic core of
dendrimers while electrostatic and/or hydrogen bonding can draw metals and/or ions to the
interior and exterior branches. Furthermore, dendrimers can be desorbed from solutions by
merely changing pH (Wazir, Daud, Ali, & Al-Harthi, 2020). Overall, nanoadsorbents are easy
to synthesize, have high adsorption capacities, and are regenerated and reused effectively
(after contaminants desorption).

Due to their 2D multilayered structures, photocatalytic properties, diverse chemical
compositions and activated metallic hydroxide sites, MXenes are emerging as a superior
water purification technology. MXene-based membranes, composites, photocatalysts,
sorbents and electrodes are discussed for the adsorption, removal or degradation of dyes
using several mechanism-based approaches. Additionally, MXenes are compared with
other materials for developing a sustainable water purification system along with their
cytotoxicity and potential for large-scale application. The MXenes (Ti3AlIC,) structure
consists of five hexagonal-like atomic layers, with three Ti sublayers (Til, Ti2 and Ti3)
bonded to carbon at octahedral interstitial sites and two more reactive Al layers between
them. As a result of its simplicity, feasibility, environmental friendliness and high
efficiency, adsorption is widely used to sequester dyes from wastewater. Three types of
interactions (i.e. chemical binding, electrostatic force and ion exchange) occur between
pollutants and MXenes. As a result of their large surface area and surface terminations,
MZXenes can facilitate direct ion exchange in addition to being reductive/adsorptive to dyes
and cations, which is advantageous (Ibrahim ef al., 2022). There was a previous report that
provided a very detailed overview of the removal of toxic metals, including fabrication
methods, characterization techniques, and advantages and limitations of MXenes for the
adsorption of toxic metals (i.e. Pb, Zn, Cu and Cr). Moreover, based on some representative
paradigms, MXene fundamentals and adsorption mechanisms are discussed along with
their limitations and their implications for wastewater treatment research in the future
(Ibrahim et al., 2020).

For treating domestic wastewater, several conventional techniques have been used, but
they are ineffective for removing pharmaceuticals. A critical evaluation of the performance of
sustainable green nanoadsorbents for the remediation of pharmaceutical pollutants from
water has been conducted by researchers. As part of the discussion, they also discussed the
influential sorption parameters as well as the interaction mechanism (Khan et al, 2022).
Nanotechnology-based removal of pharmaceutical pollutants from wastewater effluents,
such as antibiotics, hormones, pesticides, toxic dyes, antiviral drugs, among others, from
respective wastewater effluents was discussed. The unique properties of nanosorbent
materials, such as their immense affinity for organic and inorganic compounds, high
absorption capabilities, large surface areas and eco-friendly fabrication are fascinating. An
overview of some of the current nanotechnology applications for treating pharmaceutical-
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AGJSR based wastewater effluents has been provided for researchers in recent reports. Carbon-
423 based sorbent materials, CNTs-based sorbent materials, graphene-based sorbent materials,
’ biogenic NPs-based sorbent materials and the different nanofiltration membranes has been
discussed elaborately in this review (Aguilar-Pérez, Avilés-Castrillo, and Ruiz-Pulido, 2020).

708 6. Natural compounds and their derivatives for wastewater purification

In comparison to synthetic polymers, natural biopolymers are greener, sustainable and eco-
friendly materials that come from living organisms and/or renewable resources. Due to their
outstanding structural features, abundant availability, nontoxicity, ease of modification,
biocompatibility and promising potential, natural polysaccharides such as chitin/chitosan,
cellulose, starch, alginate, gum and pectin are environmentally sustainable materials. In
recent years, polysaccharides have been utilized for producing various (nano)catalysts,
with polysaccharide-supported metal/metal oxide (nano)material fabrication emerging as
an effective nanotechnology approach. A variety of aqueous pollutants, including ionic
metals and organic/inorganic pollutants, have been eliminated from wastewater using
nanomaterial-adorned polysaccharide-based entities. Several natural biopolymers were
used in the production of cellulose, chitin, starch, pectin, alginate, gum and chitosan-derived
(nano)materials based on renewable resources. A recent report summarizes recent
advances, trends and challenges associated with these biopolymers for wastewater
purification (Nasrollahzadeh, Sajjadi, Iravani, and Varma, 2021). Remazol red dye was
efficiently removed from the aqueous environment using activated coconut husk
(Mustapha, Harun, Manas, Ali, & Hamzah, 2020). The same group of researchers has
used low-cost oil palm empty fruit bunch for the efficient removal of malachite green dye.
The treated and untreated empty palm fruit bunch was used, which has yielded adsorptive
removal of 88.3% and 94.5% of the concentration of the dye taken initially (Mustapha ef al,
2021). In another study, a stink bean pod (Parkia speciosa) was used for the adsorption of
harmful dyes from an aqueous solution such as Remazol Brilliant Blue R (RBBR) and RBV5.
There was a removal of 83.35% of RBBR showing the adsorption capacity of 1.23 mg/g,
which was removed by using a 3 g stink bean pod (Chang, Hadibarata, & Syafrudin, 2020).
A partial simulation-based study was done for the removal of 2-naphthol orange dye known
as Acid Orange 7 (AO7) dye using treated wheat bran. The laboratory studies corroborated
with the i silico studies showing the high efficiency of dye removal of wheat bran
(Mohammadi, Baniasadi, Rahdar, & Kyzas, 2021). Low-cost activated carbon (AC) was
prepared from agricultural waste material: Cucumis melo was utilized to adsorb the dyes
methylene blue and AO7. The efficient AO7 removal of 94.20% was achieved at 3 hours —
activation time, temperature for activation (500°C), 1.5 mol/L — HsPO, concentration along
with a contact time of 90 min (E1 Kassimi, Achour, E1 Himri, Laamari, and El Haddad, 2021).
In another study, chitosan/hyperbranched polyester (HBPE)/cobalt composite was
synthesized by emulsion technique with ratio (1:1:05 wt %, respectively) for the
remediation of the dye acid blue 277 dye (AB277) in an aqueous environment. The
composite could adsorb the dye with an adsorption capacity of 26.74 mg/g compared to only
chitosan/HBPE, which was 3.19 mg/g (Haroun, Abdelghaffar, & Hakeim, 2021). The
dyeability and antimicrobial efficacy of the dyed fabric were improved by using cotton
fabrics that were modified using Quat-188. This method was used to change the negative
charges and incorporate the cationic sites for improving the affinity of acid dyes toward
these fibers. A step forward, these fabrics were eventually treated with silver nanoparticles
(AgNPs) for enhanced antibacterial activity (Ghazal, El-Masry, & Mosaad, 2021).
Watermelon peel (Citrullus lanatus) and the peel of corn (Zea Mays) are quite common
agricultural wastes and were used to remove the synthetics dyes: Remazol Brilliant Violet
5R (RBV5) and RBBR. The water melon peel was able to reduce 44.8% of color, while the
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corn peel removed 18.89% of the color (Kanthasamy, Hadibarata, Hidayat, Alamri, & A mini review
Al-Ghamdi, 2020). By utilizing (nano)materials adorned with lignin, organic/inorganic

. o ‘ ) on wastewater
contaminants can be efficiently and cost-effectively removed from aqueous media. To make utification
lignin-derived (nano)materials economically viable, the production of functionalized lignin, p
metal oxide/lignin nanocomposites or hydrogels was suggested. Several recent advances,
trends, challenges and future prospects of lignin-derived (nano)materials in wastewater
treatment and purification were discussed, with an emphasis on adsorption and/or catalytic 709
reduction or (photo)degradation of pollutants (Sajjadi, Ahmadpoor, Nasrollahzadeh, &
Ghafuri, 2021). Recent reports demonstrate how agro-waste can be used to generate and
store energy in nanoscale ways. The transformation of agro-waste into renewable energy
resources in the forms of biofuels, green nanomaterials, biogas, solar energy, thermal
energy, green hydrogen, triboelectricity, and battery and supercapacitor energy storage
modules were discussed (Rani et al., 2023).

7. Conclusion

Environment sustainability is the only choice for humans to save this planet and make it
inhabitable for a longer period. Fresh water is necessary for every human activity and
contribute for the various life forces. This mini review discusses about the requirement of
fresh water and the different steps involved in its purification. Grey water remediation and
desalination are the two major steps in fulfilling the increasing demand for fresh water. The
different conventional method for the remediation of wastewater has been included in this
review. Nanotechnology-based wastewater remediation methods have developed
enormously to remediate grey water, which has been mentioned. Organic and inorganic
NPs and composites, which are used for either development of membrane filtration or for
photocatalysis or adsorption of heavy metals and other uses, have been included in this mini
review. The natural compounds and their derivatives are researched for their role in
purification of grey water. In our opinion, we all need to contribute for saving the clean water
for our everyday usage, such as making rain water harvesting compulsory in all houses,
reusing the water released from the air conditioner as well as RO plants for washing and
mopping, reduce the planting of trees which are deep rooted and can exhaust the ground
water, such as Prosopis juliflora plant. We can also inculcate the practice of groundwater
replenishment through a mandatory schedule by the local government. These all measures
will further add value to the effort of wastewater remediation. Further research is necessary
to improve the efficiency of wastewater remediation using bio routes considering the safety
concerns for human and animal consumption.
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