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Abstract Industrial and domestic processes are generating huge quantity of organic
and inorganic pollutants into the environment through releasing wastewater into
the environment. The unimpeded dumping of these pollutants not only risks the
human and animal health but also deteriorates land and water quality. This gener-
ates demand to remove/utilize these pollutants in sustainablemanner before releasing
wastewater into the environment. Several physical–chemical and biological technolo-
gies are available to remove the organic and inorganic pollutants from wastewater.
However, some of these technologies are not so efficient in removing the pollutants
from wastewater, whereas other technologies either not economically viable or not
too suitable to the environment. Development of nanotechnology has provided new
paradigm to the several fields including wastewater treatment technologies due to its
unique and exceptional characteristics such a superhydrophilicity, high surface area,
surface functionalities. Nanomaterials showed a great potential to address all the
flaws in removal of pollutants from wastewater. The present chapter enlightens the
applicability of bionanomaterials for removal of organic pollutants from wastewater
and its sustainability.
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3.1 Introduction

Freshwater is a fundamental necessity for existence of the life on the earth and sustain-
able development of society (Sajid et al. 2018). The accessibility to clean water is a
global environmental problem since it becomes serious confutation to supply clean
and inexpensive drinking water to all (Sharabati et al. 2021). The proliferation of
industries and urbanization has created inevitable effects on the environment (Singh
et al. 2002) as a consequence of amplified contamination with hazardous mate-
rials such as acidic and basic pollutants including persistent inorganic and organic
compounds and heavy metals (Singh and Rathore 2019, 2021; Chung et al. 2022),
which directly and indirectly harms the water quality. The potential hazards caused
due to unchecked disposal of industrial effluent have prompted to limit the untreated
effluent discharge in the environment (Singh and Rathore 2018, 2020). The avail-
ability of clean/potable water is a challenge for all water supply practices and the
regularization in standards tomaintain thewater quality has developed new paradigm
for current water treatment and distribution system (Mehta et al. 2021).

Available traditionalwastewater treatment regime is confined to three-step process
viz. primary, secondary, and tertiary treatment. Prior to primary treatment screening
of the wastewater is required to prepare the wastewater for primary anaerobic treat-
ment by maintaining pH or temperature and to filter out the larger sized particles
which can go for further treatment at other facility or land filling. Primary treatment
process involves microbial degradation of organic waste material under anaerobic
condition, while secondary treatment process depends on the microbial decompo-
sition process that removes suspended solids from the wastewater under aerobic
condition. Tertiary treatment was carried out to further improve the water quality by
microbial activity before discharging into the environment or recycled for utilization
to other purposes such as agriculture, industrial, or household purpose (Singh 2021).
Advanced oxidation, biodegradation, flocculation, use of bioadsorbents or activated
carbon adsorption, coagulation, ion exchange, membrane separation, etc. are some
of the widely used processes (Abhinav et al. 2021).

Current available techniques used for treatment of wastewater have limitation to
offer potable or palatable class of water that can be used for different domestic or
industrial uses to reduce the burden on natural water resource and reduced commo-
tion to environment. Advancement on the traditional wastewater treatment technolo-
gies is a continuous process to get an improved and efficient treatment technology
(Mehta et al. 2021). Being environmental friendly, low cost, simple in design, opera-
tional fluidity and higher effectiveness for removal of pollutants from the wastewater
streams (Kubra et al. 2021) made adsorption process highly promising and sustain-
able way for wastewater treatment (Zhao et al. 2019; Sharabati et al. 2021). The
pollutants present on the wastewater streams adsorb on the surface of the adsorbing
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material and thus removed from the wastewater stream. Several absorbent mate-
rials such as activated carbon, zeolite, clay minerals, chitosan, etc. are actively in
use for treatment of wastewater (Yu and Han 2015; Al Bsoul et al. 2021). Among
these, the activated carbon is oldest known and the most popular and commonly used
absorbent. Its large surface area and porous structure is highly efficient to remove the
pollutants (Yu and Han 2015; Al Bsoul et al. 2021). Its surface area can reach 500–
2000 m2 g−1 and is efficient to adsorb various heavy metals present in wastewater
(Carrott et al., 1997; Gabaldon et al. 2006). However, higher cost, low competency
for several other metals and poor removal of hydrophilic organic pollutants, etc.
restrict its industrial use for wastewater treatment (Alsbaiee et al. 2016; Sharabati
et al. 2021). Similarly, low permeability and pretreatment requirement of zeolite and
lower efficiency of clay particles restrict its industrial use (Stojakovic et al. 2011; Yu
and Han 2015). Therefore, the researchers are focusing on the developing absorbent
with improved performance with low cost and wider availability to improve the
effectiveness of water treatment (Kurniawan et al. 2006; Sharabati et al. 2021). A
superlative adsorbent ought to have multiple characteristics, e.g., large surface area
that increases the adsorption capacity, economical, environmental friendly, reusable,
well-suited, and high selectivity toward water pollutants (Nasar andMashkoor 2019)
which increase the efficiency of water treatment and thus improve its industrial appli-
cation.Nanotechnology is expected to provide the highly efficient techno-economical
elucidation for wastewater treatment problems (Mehta et al. 2021).

3.2 Extraordinary Properties

Nanomaterials have gained prominence in research and development due to their
exceptional tunable properties (Sadegh and Ali 2018). The importance of this class
of materials was realized when scientist found that the size can influence the physic-
chemical properties of material (Khan et al., 2019). The unique characteristics of
nanomaterials, i.e., size in nm, exceptionally large surface to volume ratio, higher
capacity and efficiency than thematerial itself, simplicity of fictionalization, stability,
reuse potential, and antimicrobial structure make them attractive substances to
be used in different industrial and engineering applications including wastewater
treatment (Ponnusamy and Saththasivam 2021; Sharabati et al. 2021). The efforts
have been made in this chapter to summarize the recent advancements in nano-bio
materials for wastewater treatment in sustainable way.

3.3 Nano-Bio Materials

Focus of the nanotechnology is on the design of newmaterials, structures, and devices
that having minimum one dimension fitting the nanoscale, i.e., less than 100 nm
(Mohmood et al. 2013; Rienzie et al. 2019), which could be an effectivemeans to treat
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wastewater contaminated with pollutant ranging from metallic ions to organic and
inorganic solutes, andmicrobial pathogens (Aguilar-Perez et al. 2020), because nano-
materials contains unique physical and chemical properties due to their nanoscale
size. Unique physic-chemical properties of nanomaterial included large surface to
aspect ratio, topography, aggregation state, strong solution mobility, surface chem-
istry such as optical property, reactivity, catalytic potential, porosity, strong adsorp-
tion, dispersibility, and enhanced redox ratio (Mohmood et al. 2013; Yaqoob et al.
2020), which enables them to interact with the pollutants through increased binding
sites causing them inactive or degrade (Saharan et al. 2014; Aguilar-Perez et al.
2020). The nanomaterial-based water treatment applications of nanotechnology can
be grouped in to three categories, viz. water filtration, water remediation, and purifi-
cation or disinfection of water (Fig. 3.1). Water filtration is mainly based on the
use of semi-permeable nanoporous membranes to remove the organic and micro-
pollutants. Membrane used for this technology is highly stable, easy in operation,
and low cost and low energy consuming (Santhosh et al. 2016; Ali et al. 2019a).
In recent years fullerene, carbon nanotubes and graphene-based material is gaining
attention for water filtration and desalination (Bodzek et al. 2019). Focus of the
water remediation is on the adsorption phenomenon of the nanosorbents to remove
a broad range of pollutant from the wastewater streams with high compatibility to

Nano-based 
water 

treatment

Water filtration
Semi-permeable 

nanoporous membranes 
with high stability, easy and 

cheap operation and low 
energy consumption, to 

remove unwanted organic 
compounds and micro 

pollutants

water purification or 
disinfection

Effective control of 
pathogens without the 

formation of toxic 
disinfection residues by the 

use of nanomaterials

Water remediation
Adsorption to eliminate a 
broad variety of chemical 

pollutants through 
nanosorbents

Fig. 3.1 Classification of nanotechnology-based water treatment application (adopted from
Aguilar-Perez et al., 2020)
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specific organic or inorganic pollutants (Cincinelli et al. 2015; Santhosh et al. 2016).
Recently, numerous studies reported promising results for zeolites, carbon-based,
bio-based, and metal oxide-based materials (El-Sayed 2020). Water purification or
disinfection targeted on the effective control of microbial pathogens without gener-
ation of harmful residues by the use of nanomaterials with antimicrobial activity as
graphene-basedmaterials, metallic, and bioactive composites (Mohmood et al. 2013;
Morsi et al. 2017; Aguilar-Perez et al. 2020).

Synthesis of metallic nanoparticles can be exercised using physical processes
such as evaporation–condensation, laser ablation, electrolysis, pyrolysis, diffusion
plasma arcing, sputter deposition, and high energy balling, chemical processes such
as chemical reduction,microemulsion, electrochemical, thermal decomposition, sol–
gel process and coprecipitation, and biological processes such as exploitation of
biological mass, e.g., plant, fungi, microbes, etc. (Aguilar-Perez et al. 2020). Number
of metallic nanoparticles-based nanosorbent materials is being produced through
physical and chemical methods to remove dyes and antibiotics such as Rhodamine,
amoxicillin, doxorubicin (Aguilar-Perez et al. 2020). However, biological methods
are preferred over other methods because these methods are easy, cost-effective,
ecofriendly, and convenient. Further, due to slow kinetic reaction, it is convenient to
control the growth and stabilization (Singh et al. 2021).

The investigation of biomaterials up to the nanoscale turn out to be practicable
due to the methodical improvement in sophisticated instrumentation technologies,
especially on neutron, X-ray, light scattering, diffraction methods, and spectroscopic
techniques, including atomic forcemicroscopy/spectroscopy, orRaman spectroscopy
(Gadomski 2008). Bionanomaterials are molecular material composed partially or
completely from biological active molecules (Honek 2013), are multifaceted and
generally nonlinear viscoelastic and stochastic structure (Gadomski 2008) obtained
from plants, animals, fungi, peptide, nucleic acid, agricultural waste, etc. (Singh et al.
2021; Barhoum et al. 2022).

The formation of nanoparticles from or with the presence of bioactive molecules
such as peptides, enzymes, vitamins, alkaloids, phenolics, along with others derived
fromvariable biological sources (e.g., plants, bacteria, fungi, etc.) is depending on the
character of the precursor material and the end use (Ali et al. 2019b). Debnath et al.
(2020) have successfully synthesized zirconia nanoparticles using microbial green
technology which can be used for remediation of tetracycline fromwastewater. They
reported that bacteria Pseudomonas aeruginosa enable the production of secondary
metabolites during the bacterial growth in the synthesis activity, that bestowed
the capping and stabilizing agents for the development of zinconia nanoparticle,
which showed high adsorption capacity for tetracycline and enable them suitable for
practical applications.
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3.4 Utilizations of Nano-Bio Materials in Wastewater
Treatment

Manna et al. (2019) synthesized a value-added nanomaterial from carbonaceous
industrial waste. They coated the carbonaceous industrial waste with graphene oxide
and activated it at 800 °C and characterized the graphene oxide and graphene
oxide-coated biochar with various microscopy, spectroscopy, and x-ray diffraction
methods. This graphene oxide-coated biochar was tested for phenol removal capacity
in wastewater. They reported that the graphene oxide-coated biochar (nanocompos-
ites) showed improved separation potential than that for the graphene oxide. They
also claimed that the availability of salt showed positive effect on phenol sever-
ance by the nanocomposites process. They concluded that the nanocomposites have
promising separation capacity for wide range of sorption parameters.

Goswami et al. (2020) assessed the potential of an up-flow packed bed bioreactor
(UFPBBR) with immobilized bacteria Rhodococcus opacus onto biochar loaded
polyurethane foam (PUF) as the packing material for treating biomass gasifica-
tion wastewater. They reported that a maximum 81 ± 2.65% COD removal was
obtained with 1820 mg L−1 of influent COD concentration in 24 h of HRT when
the bioreactor was operated with PUF only as the support material, while more
than 95 ± 1.27% COD removal was obtained when biochar loaded PUF was used
as the support material. They also concluded 96.2% detoxification by the applica-
tion of novel biochar-based bionanomaterial for biomass gasification wastewater
remediation.

During his research Zheng et al (2021) recently explained functional microbiome
linkages and method implicated in aromatic ring breakdown on coke enhanced
nano-Fe3O4 activated bio-system (FEBS) under limited-oxygen state for proficient
remediation of aromatic organic compounds in coal pyrolysis wastewater. They
also identified that the efficiency of biodegradation with the FEBS supplementation
presented excellent organic removal (average 92.29%) and biodegradability contin-
uance (>40%) then control reactors. They concluded that the enhanced biodegrada-
tion in the FEBS is principally due to enriched functional species. Another study by
Muthukumar et al. (2020) found photocatalytic dilapidation of caffeine in syntheti-
cally produced wastewater of coffee industry by silver ferrite nanoparticles produced
with extract ofAmaranthus blitum leaf. Furthermore,Abbasi et al. (2020) found effec-
tive cationic dye remediation of crystal violet from aqueous solution using Keratine
nanoparticles obtained from human hair. This could also be a suitable use of wasted
hairs.

In a recent study, Deng et al. (2022) designed a highly efficient and stable
microsphere-immobilized bacterial strain of Bacillus velezensis to remediate organic
substance and suppress the growth of unsafe microorganism the course of slaughter
wastewater treatment. Immobilization of Bacillus velezensis was done at the surface
of sodium alginate (SA)/Polyvinyl alcohol (PVA)/Nano-Zinc Oxide (Nano-ZnO)
microsphere. Adhesion of the bacterial strain was managed by direct physical
adsorption. The researchers reported inhibition of Escherichia coli on SA/PVA/ZnO
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and SA/ZnO microspheres with addition of 0.15 g/L nano-ZnO without affecting
Bacillus velezensis strain. Process reported 16.99% removal rate of the chemical
oxygen demand (COD) of SA/PVA/ZnO microsphere-immobilized cells, followed
by 13.69% COD removal rate of SA/ZnO and free bacteria (7.61%) from 50%
concentration slaughter wastewater within 24 h on 37 zC temperature and 7.0 pH
at 120 rpm. From the results of the study, Deng et al. (2022) also reported that the
strategy design could enhance the degradation potential to a greater extent, inhibit
the growth of other bacteria without affecting the activity of protease in slaughter
wastewater. Thus it was concluded that thewastewater treatment systemof nano-ZnO
hydrogel immobilization Bacillus velezensis is an imperative alternative technique
to remediate pollutants from slaughter wastewater with a novel and ecofriendly and
low-priced investment.

3.5 Sustainability and Future Perspectives

Nanotechnology is an economical, efficient, and trustworthy approach to improve the
eminence and reliability of wastewater treatment. Nanomaterials have already been
successfully utilized in several area, like medical, catalysis, agriculture, etc. owing to
their exceptional attributes like nano in size, increased surface area than mass, higher
reactivity, mobility, sturdy mechanical strength, highly porous surface, hydrophilic
and dispersible nature (Khan et al. 2018; Yaqoob and Ibrahim 2019; Wu et al. 2019).
Environmental experts have designated application of nanomaterials for wastewater
remediation as a superior strategy than the other individual classical wastewater
treatment techniques due to its potential to eradicate hazardous elements like Pb,
Mo, Co, other organic and inorganic contaminants, and pathogenic microorganisms
harmful for human health, present in water (Umar, 2018, Mohammad et al., 2019,
Sekoai et al. 2019; Khan et al. 2021). Nanotechnology sector is expected to expand
further with the increase in its application for domestic and industrial purposes due to
lower energy consumption and reduced production cost, boosting quality, and better
environmental control (Patil 2015).

Nanotechnology is established its success in a variety of manufacturing applica-
tions including wastewater treatment, and it has capability to enhance wastewater
treatment as the materials may be controlled and altered at the nanoscale. Further the
nanomaterial obtained through biological sources could be controlled and stabilized.
It also has several unique qualities, e. g., low size-specific surface energy, affinity and
reactivity with other material, stability, and transferrable atomicity. These features
are peculiar for decontamination of drinking water and improved wastewater treat-
ment technologies (Khan and Sengül 2016, Samanta et al. 2016, Khan et al. 2018,
Khan et al. 2021). Further, the nanoscale bioadsorbents obtained fromwaste biomass
sources are renewable, sustainable, cost-effective, and environmental friendly mate-
rial for wastewater treatment (Solangi et al. 2021). Potential to increase efficiency of
wastewater treatment plant contribute in development of nanotechnology sector and
its application and research for domestic and industrial use.
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Bionanomaterials may composed of proteins, DNA, or other biological origin
material, and although these biomolecules are “natural” compounds, they may have
harmful effects ranging from no toxicity to high toxicity (Honek 2013). Although
nanoparticles in water have no instantaneous consequence on human health but
there is a possibility of nanoparticle ingestion through bio-magnification, hence the
effect of nanomaterials on aquatic organisms is essential to address (Khan et al.
2021). Pernicious effects of nanomaterials in biological world are by the fact that
such exposed nanomaterials are contemplated as the potential body “invaders” alike
viruses or bacteria, nonetheless, their baneful effects depends on the interactions
to immune cells. Interactions of the nanomaterials with biomolecules may lead to
inflammation. However, no mandatory guidelines were specified by the regulatory
agencies specifically for nanomaterials, its abrupt use could pretense threat to the
environment and society. Thus the sustainable nanotechnological development may
be ensuredbycompellingdifferent regulatoryguidelines suggestedbyEnvironmental
Protection Agency (EPA), Toxic Substances Control Act (TSCA), and Federal Insec-
ticide, Fungicide, and Rodenticide Act (FIFRA). The commercialization of nano-
materials requires an inclusive considerate on Ecological and societal, effects of
the exposed engineered materials predominantly at bio-nanointerface (Karak 2019;
Goodman et al. 2004).

Aguilar-Perez et al. (2020) concluded that nanotechnology is attracting the
researchers for wastewater treatment because of its imperative properties like small
size and large surface area, which changed the physic-chemical property of the mate-
rial including chemical reactivity, catalytic property, adsorption capacity, etc., that
enables them to potentially decontaminate wastewater from several common and
specific organic and inorganic pollutants. The biogenic nanomaterials are considered
as ecofriendly and they can also be produced from waste. There is an inevitability
to evaluate the performance of bionanomaterials under controlled environments.
Further, more thorough and careful research ventures are also require to optimize its
contrive. The challenges and issues with the bionanomaterials are to address the fate
and its toxicity in the environment and the administrating policies and protocols for
appropriate disposing or recycling.
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Bodzek M, Konieczny K, Kwiecińska-Mydlak A (2019) Nanotechnology in water and wastew-
ater treatment. Graphene—the nanomaterial for next generation of semipermeable membranes.
Critical Rev Environ Sci Technol, 1–65. https://doi.org/10.1080/10643389.2019.1664258

Carrott PJM, Carrott MMLR, Nabais JMV et al (1997) Influence of surface ionization on the
adsorption of aqueous zinc species by activated carbons. Carbon 35(3):403–410

Chung WJ, Shim J, Ravindran B (2022) Application of wheat bran based biomaterials and nano-
catalyst in textile wastewater. J King Saud Univ Sci 34:101775

Cincinelli A, Martellini T, Coppini E, Fibbi D, Katsoyiannis A (2015) Nanotechnologies for
removal of pharmaceuticals and personal care products fromwater andwastewater. Rev JNanosci
Nanotechnol 15(5):3333–3347

Debnath B, Majumdar M, Bhowmik M, Bhowmik KL, Debnath A, Roy DN (2020) The effec-
tive adsorption of tetracycline onto zirconia nanoparticles synthesized by novel microbial green
technology. J Environ Manage 261:110235

Deng J, Jia M, Zeng YQ, Li W, He JT, Ren J, Bai J, Zhang L, Li J, Yang S (2022). Enhanced
treatment of organic matter in slaughter wastewater through live Bacillus velezensis strain using
nano zinc oxide microsphere. Environ Pollut 292(Part A):118306

El-sayed MEA (2020) Nanoadsorbents for water and wastewater remediation. Sci Total Environ
739:139903. https://doi.org/10.1016/j.scitotenv.2020.139903

GabaldonC,Marzal P, Alvarez-Hornos FJ (2006)Modelling Cd(II) removal from aqueous solutions
by adsorption on a highly mineralized peat. Batch and fixed-bed column experiments. J Chem
Technol Biotechnol 81(7):1107–1112

Gadomski A (2008) Editorial introduction to the special issue on bio(nano)materials with structure–
property relationship. BioSystems 94:191–192

Goodman CM, McCusker CD, Yilmaz T, Rotello VM (2004) Toxicity of gold nanoparticles
functionalized with cationic and anionic side chains. Bioconjug Chem 15:897–900

Goswami L, Pakshirajan K, Pugazhenthi G (2020) Biological treatment of biomass gasification
wastewater using hydrocarbonoclastic bacterium Rhodococcus opacus in an up-flow packed bed
bioreactor with a novel waste-derived nano-biochar based bio-support material. J Clean Prod
256:120253

Honek JF (2013) Bionanotechnology and bionanomaterials: John Honek explains the good things
that can come in very small packages. BMC Biochem 14:29. https://doi.org/10.1186/1471-2091-
14-29

Karak N (2019) Fundamentals of sustainable nanostructural materials at bio-nano interface. In:
Dynamics of advanced sustainable nanomaterials and their related nanocomposites at the bio-nano
interface. In: Karak N (ed) Elsevier, pp 1–24

Khan I, Saeed K, Khan I (2019) Nanoparticles: properties, applications and toxicities. Arab J Chem
12:908–931

Khan S, Naushad M, Al-Gheethi A, Iqbal J (2021) Engineered nanoparticles for removal of pollu-
tants from wastewater: current status and future prospects of nanotechnology for remediation
strategies. J Environ Chem Eng 9:106160

Khan S, Sengül H, Dan Z (2018) Transport of TiO2 nanoparticles and their effects on the mobility
of Cu in soil media. Desalin Water Treat 131:230–237

https://doi.org/10.1080/10643389.2019.1664258
https://doi.org/10.1016/j.scitotenv.2020.139903
https://doi.org/10.1186/1471-2091-14-29


86 D. Rathore et al.

Khan S, Sengül H (2016) Experimental investigation of stability and transport of TiO2 nanoparticles
in real soil columns. Desalin Water Treat 57(2016):26196–26203

Kubra KT, Salman MS, Hasan MN (2021) Enhanced toxic dye removal from wastewater using
biodegradable polymeric natural adsorbent. J Mol Liq 328:115468

Kurniawan TA, Chan GYS, Lo WH, Babel, S (2006) Comparisons of low-cost adsorbents for
treating wastewaters laden with heavy metals. Sci Total Environ 366(2–3):409–426

Manna S, Prakash S,Das P (2019) Synthesis of graphene oxide nano-materials coated bio-char using
carbonaceous industrial waste for phenol separation from water. Colloids Surf A Physicochem
Eng Asp 581:123818

Mehta KP, Sharma R, Haldar S, Kumar A (2021) Advancement in treatment of wastewater with
nano technology. Mater Today: Proc. https://doi.org/10.1016/j.matpr.2021.07.253.

Mohammad AT, Abdulhameed AS, Jawad AH (2019) Box-Behnken design to optimize the
synthesis of new crosslinked chitosan-glyoxal/TiO2 nanocomposite: methyl orange adsorption
and mechanism studies. Int J Biol Macromol 129:98–109

Mohmood I, Lopes CB, Lopes I, Ahmad I, Duarte E, Pereira AC (2013) Nanoscale materials and
their use in water contaminants removal—a review. Environ Sci Pollut Res 20:1239–1260

Morsi RE, Alsabagh AM, Nasr SA, Zaki MM (2017) Multifunctional nanocomposites of chitosan,
silver nanoparticles, copper nanoparticles and carbonnanotubes forwater treatment: antimicrobial
characteristics. Int J Biol Macromol 97:264–269

Muthukumar H, Shanmugam MK, Gummadi SN (2020) Caffeine degradation in synthetic coffee
wastewater using silver ferrite nanoparticles fabricated via green route using Amaranthus blitum
leaf aqueous extract. J Water Process Eng 36:101382

Nasar A, Mashkoor F (2019) Application of polyaniline-based adsorbents for dye removal from
water and wastewater—a review. Environ Sci Pollut Control Ser 26(6):5333–5356

Patil T (2015) Wastewater treatment using nanoparticles. J Adv Chem Eng 5:131. https://doi.org/
10.4172/2090-4568.1000131

PonnusamyG,SaththasivamJ (2021)Applications of nanomaterials forwater disinfection. Springer,
Singapore, pp 311–329

Rienzie R, Ramanayaka S, AdassooriyaNM (2019) Nanotechnology applications for the removal of
environmental contaminants from pharmaceuticals and personal care products. In: Prasad MNV,
Vithanage M, Kapley A (eds) Pharmaceuticals and personal care products: waste management
and treatment technology emerging contaminants and micro pollutants. Elsevier, Butterworth-
Heinemann, pp 279–296

Sadegh H, Ali GAM (2018) Potential applications of nanomaterials in wastewater treatment, pp
51–61

Saharan P, Chaudhary GR, Mehta SK, Umar A (2014) Removal of water contaminants by iron
oxide nanomaterials. J Nanosci Nanotechnol 14(1):627–643

Sajid M, Nazal MK, Ihsanullah BN, Osman AM (2018) Removal of heavy metals and organic
pollutants from water using dendritic polymers based adsorbents: a critical review. Sep Purif
Technol 191:400–423

Samanta H, Das R, Bhattachajee C (2016) Influence of nanoparticles for wastewater treatment-a
short review. Austin Chem Eng 3:1036

Santhosh C, Velmurugan V, Jacob G, Jeong SK, Grace AN, Bhatnagar A (2016) Role of
nanomaterials in water treatment applications: a review. Chem Eng J 306:1116–1137

Sekoai PT, Ouma CNM, Du Preez SP, Modisha P, Engelbrecht N, Bessarabov DG, Ghimire A
(2019) Application of nanoparticles in biofuels: an overview. Fuel 237:380–397

Sharabati MA, Abokwiek R, Al-Othman A, Tawalbeh M, Karaman C, Orooji Y, Karimi F (2021)
Biodegradable polymers and their nano-composites for the removal of endocrine-disrupting
chemicals (EDCs) from wastewater: a review. Environ Res 202:111694

Singh A (2021) A review of wastewater irrigation: environmental implications. Resour Conserv
Recycl 168:105454

Singh A, Agrawal SB, Rai JPN, Singh P (2002) Assessment of the pulp and paper mill effluent on
growth, yield and nutrient quality of wheat (Triticum aestivum L.). J Environ Biol 23(3):283–288

https://doi.org/10.1016/j.matpr.2021.07.253
https://doi.org/10.4172/2090-4568.1000131


3 Emerging Nano-Bio Material for Pollutant Removal … 87

Singh KRB, Nayak B, Singh RP (2021) Introduction to bionanomaterials: an overview. In: Singh
RP, Singh KRB (eds) Bionanomaterials: fundamentals and biomedical applications. IOP Science,
pp 1–22

Singh R, Rathore D (2018) Oxidative stress defence responses of wheat (Triticum aestivum L.)
and chilli (Capsicum annum L.) cultivars grown under textile effluent fertilization. Plant Physiol
Biochem 123:342–358. https://doi.org/10.1016/j.plaphy.2017.12.027

Singh R, Rathore D (2019) Impact assessment of azulene and chromium on growth and metabo-
lites of wheat and chilli cultivars under biosurfactant augmentation. Ecotoxicol Environ Saf
186:109789. https://doi.org/10.1016/j.ecoenv.2019.109789

SinghR,RathoreD (2020)Role of transitory starch on growth, development andmetal accumulation
of Triticum aestivum cultivars grown under textile effluent fertilization. Environ Sci Pollut Res
27:24201–24217. https://doi.org/10.1007/s11356-020-08735-y

Singh R, Rathore D (2021) Effects of fertilization with textile effluent on germination, growth and
metabolites of chilli (Capsicum annum L) cultivars. Environ Process 8:1249–1266. https://doi.
org/10.1007/s40710-021-00531-1

Solangi NH, Kumar J, Mazari SA, Ahmed S, Fatima N, Mubarak NM (2021) Development of fruit
waste derived bio-adsorbents for wastewater treatment: a review. J Hazard Mater 416:125848

Stojakovic D, Milenkovic J, Daneu N et al (2011) A Study of the removal of copper ions from
aqueous solution using clinoptilolite from Serbia. Clays Clay Miner 59(3):277–285

Umar K (2018) Water contamination by organic-pollutants: TiO2 photocatalysis. In: Oves M, Khan
MZ, Ismail IMI (eds) Modern age environmental problems and their remediation. Springer,
Switzerland, pp 95–109

Wu Y, Pang H, Liu Y, Wang X, Yu S, Fu D, Chen J, Wang X (2019) Environmental remediation of
heavy metal ions by novel-nanomaterials: a review. Environ Pollut 246:608–620

Yaqoob AA, Ibrahim MNM (2019) A review article of nanoparticles; synthetic approaches and
wastewater treatment methods. Int Res J Eng Technol 6:1–7

Yaqoob AA, Parveen T, Umar K, Ibrahim MNM (2020) Role of nanomaterials in the treatment of
wastewater: a review. Water 12(2):495. https://doi.org/10.3390/w12020495

Yu C, Han X (2015) Adsorbent material used in water treatment-a review. 2nd International
Workshop on Materials Engineering and Computer Sciences (IWMECS 2015). pp 290–323

Zhao L et al (2019) Adsorptive decontamination of Cu2+-contaminated water and soil by
carboxylated graphene oxide/chitosan/cellulose composite beads. Environ Res 179:108779

Zheng M, Han H, Shi J, Zhang Z, Ma W, Xu C (2021) Metagenomic analysis of aromatic ring-
cleavage mechanism in nano-Fe3O4@activated coke enhanced bio-system for coal pyrolysis
wastewater treatment. J Hazard Mater 414:125387

https://doi.org/10.1016/j.plaphy.2017.12.027
https://doi.org/10.1016/j.ecoenv.2019.109789
https://doi.org/10.1007/s11356-020-08735-y
https://doi.org/10.1007/s40710-021-00531-1
https://doi.org/10.3390/w12020495

	3 Emerging Nano-Bio Material for Pollutant Removal from Wastewater
	3.1 Introduction
	3.2 Extraordinary Properties
	3.3 Nano-Bio Materials
	3.4 Utilizations of Nano-Bio Materials in Wastewater Treatment
	3.5 Sustainability and Future Perspectives
	References




