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Abstract Waste water containing inorganic/organic pollutants and heavy metals 
has become a major problem nowadays. Some heavy metals are toxic even if they 
are present in trace amount. So, removal through adsorption of these heavy metals 
is necessary as they are non-biodegradable and can easily enter in the soil and 
consequently harm plants and other life-forms. Nanotechnology provides a potential 
approach for environmental remediation as it helps in photocatalytic degradation 
of dyes and heavy metal adsorption from aqueous environment. Nanoparticles can 
be synthesized from various techniques including chemical, physical and biological. 
Synthesis of nanoparticles from plants is an eco-friendly, inexpensive and simple way 
to remediate environmental pollutants. Here, we reviewed the synthesis of nanopar-
ticles using a wide range of plants. Plant extracts, contains a number of bioactive 
compounds, which serve as reducing and capping agent for the metal precursor. Plant 
based nanomaterials have shown ability to selectively sense the toxic hazardous heavy 
metals like Pb, As, Ni, Hg, Cr, Zi, Co, Fe, Mn, Pd and Se in various environmental 
niche. The chapter commences with the introduction to environmental degradation 
and discusses the phytonanoparticles synthesis approaches and their characterization. 
Besides this, it illustrates on role of various plant bioactive compounds in synthesis 
of nanomaterials. Further, it discusses role of various plant mediated nanomaterials 
in remediation of dyes and heavy metals. The article concludes by highlighting chal-
lenges and prospects of this emerging green technology for environmental pollution 
remediation. 
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1 Introduction 

Phyto-nanotechnology is the emerging branch of nanomaterials synthesis from plant 
biomolecules that are used for a number of purposes including biomedical, microfab-
rication, energy storage devices, agriculture, health care, and remediation purpose 
as it has large surface area and high reactivity. Phyto-nanotechnology is known to be 
successful to reduce the environmental pollution which involves water treatment and 
purification of gases. Treatment of ground water is also somewhere related to inor-
ganic and organic pollutants present in the soil. According to United Nations report, 
globally 0.5% of fresh water is present on earth and 80% of freshwater goes back 
to the ecosystem without being treated. Contaminated water and soil have become 
a great issue for us and the environment as well. Water can be contaminated by the 
presence of different chemicals and heavy metals like lead, arsenic, nickel, mercury, 
chromium, zinc, cobalt, and selenium. They are present in trace amount but still are 
highly toxic. Metallic elements are considered to be toxic due to its high density, 
specific gravity and atomic weight. There are 50 heavy metal presents out of which 
17 are highly toxic and. normally, most of the heavy metals are found on the earth 
crust but due to excessive industrialization, deforestation and various other human 
activities these metals transfer to ground water (Chowdhury et al. 2016). Not all the 
heavy metals are hazardous, some are essential to humans like cobalt, copper, zinc 
and mercury but they can be harmful if present in excessive amount. Toxicity of a 
metal depends upon its dosage, chemical reaction and means of exposure. Sources 
of heavy metals like mercury, cadmium, arsenic, lead include coal mining, contact 
with acid rain, TDS refining procedure of other metals, manufacturing of chemi-
cals and corrosion of pipes (Rosenberg 2015). Exposure of contaminated water for 
drinking purpose can affect human health in many ways. It can lead to several types 
of cancer, organ damage, neurotoxicity, nephrotoxicity, malfunction of kidney, lungs, 
liver, circulatory system, learning difficulty, rheumatoid arthritis and even death in 
extreme cases (Lellis et al. 2019). Also, in agriculture, the toxic heavy metal present 
in the soil can be taken up by plants leading to ROS strengthening, crops damage 
and adverse effect on human and animal health. 

On the other hand, dyes are known to be carcinogenic and pollute water bodies. 
Exposure of dye in water bodies result in reduction in availability of light to the life 
forms living under water which leads to the reduction in the rate of photosynthesis, 
affecting the growth of the plant. 15–50% of azo dye is found in water bodies because 
it does not bind to fabric. This wastewater incorporated with dye when used in irri-
gation affects the soil microbial communities, enzyme activity and growth of plant. 
Azo dyes are chemically stable, non-biodegradable, durable coloured compounds 
that are carcinogenic and mutagenic in nature (Ismail et al. 2019) Congo red dye, 
also known as carcinogen. Benzedrine exhibit optimal, thermal and physiochem-
ical stability which contributes to their non-biodegradable nature (Rai et al. 2014). 
Triphenylmethane dye used in manufacturing process such as textile dyeing, food, 
and cosmetics etc., causes reproductive diseases in rabbit and marine animals. O-
phenylenediamine used a substrate in dyeing composition acts as a xenobiotic and
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recalcitrant. It causes breathing problem, ingestion and eye irritation in humans. 
Brilliant Cresyl Blue is used in scientific labs and industries. Rhodamine 6 G is a 
fluorescent dye widely used for staining purpose but has toxic effects on microor-
ganisms and humans. Rhodamine B dye is a water soluble red dye that causes eye 
and skin diseases (Glossman-Mitnik 2013). Methyl blue is a type of cationic dye 
extensively used in dyeing paper, clothes leather etc. Jaundice, cyanosis, high blood 
pressure, vomiting are some of the common diseases associated with soluble methyl 
blue dye (Kushwaha et al. 2014). There are many other water soluble dyes like mala-
chite green dye, crystal violet dye, and phenol red dye that reduce the transparency 
of water, affect photosynthesis of aquatic ecosystem and are hazardous to humans. 

Recent studies show that nanoparticles successfully remediate organic, inorganic 
pollutants, and heavy metals from the aqueous solution. There are several methods 
to synthesize nanoparticles, but biogenic synthesis of nanoparticles is chosen over 
other chemical and physical methods since they are simple, eco-friendly, cost effec-
tive and clean. Biological synthesis can be done from various sources like bacteria, 
fungi, algae and plants. In this chapter, we are focusing on phytonanotechnology 
which utilise plant extracts which act as reducing and capping agent in the synthesis 
of nanoparticles and provide stability. Generally, the plant extract is prepared as a 
stock and certain amount of metal precursors are allowed to react with plant extract 
under optimized reaction conditions. After a particular time, visual observation like 
colour change indicates the formation of nanoparticles without the use of any toxic, 
expensive chemical or the formation of any harmful by product. Metals and oxides 
of metals act as adsorbents following the adsorption isotherm, adsorption thermody-
namics and adsorption kinetic modelling (Guerra et al. 2018). The Nano Zero Valent 
Iron particle is best for the reduction process as it makes use of phyto-compounds 
present in the plant extract. Zero valent form of iron is efficient in adsorption of 
hexavalent chromium (Madhavi et al. 2013a). Similarly zero valent form of silver 
nanoparticles removes cadmium from aqueous solution (Al-Qahtani 2017). To keep 
the particle stable and prevent its aggregation certain stabilizing agents are used 
like carboxyl methyl cellulose, sodium borohydride etc. Maghemite nanoparticles is 
effective against lead and cadmium from water instead of electro exploding wire tech-
niques (Yadav and Fulekar 2018a). The chapter aims to cover several aspects of nano-
materials synthesis, their characterization and potential application in environmental 
remediation. 

2 Synthesis of Nanoparticles 

Nanoparticles are generally produced by top down and bottom-up approaches that 
require heavy machines, chemicals and a very high maintenance cost. So, instead 
of using these physical and chemical methods, biological method which is less time 
consuming, non-toxic and economically suitable can be preferred. The biological 
method involves microorganism assisted biogenesis using yeast, fungi, bacteria and 
algae, bio template and plant extract assisted biogenesis. In this chapter, we focused
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on studying various approaches of synthesis of nanoparticles using plant extracts 
(Fig. 1). The biomolecules present in the plant extracts act as reducing and capping 
agents which help in bio-reduction of metal ions under optimized conditions. Silver 
nanoparticles formed from the Gardenia jasminoides extract help in reduction of 
silver ions to zero oxidation state without using any toxic chemical to form silver 
nanoparticles (Lü et al. 2014). Hence, bio-compounds like polyphenol, flavonoid, 
alkaloids, proteins, enzymes and co-enzymes help in reduction to form nanoparticles 
whose size depends upon the phytochemicals compounds present in the plant extract. 
Synthesis of metal nanoparticles with different plant extract is given in Table 1. 

Prepared extract kept at magnetic stirrer for reaaction to take place 

Adding suitable concentration of metal ions in plant extract 

Filter to get pure aqueous plant extract 

Heating the solution at hot plate 

Plant powder added in distilled water to form solution 

Cut into small peices or formed powered 

Non diseased healthy plant 

Nanoparticle 
formed  

•Factors affecting 
nanoparticles 
formation 
•Temperature 
•pH 
•Reaction time 
•Concentration of 
plant extract and 
metal precursor 

Characterization 
of nanoparticles 

•Uv-Vis spectroscopy 
•FTIR 
•SEM/TEM 
•XRD etc. 

Environmental 
applications 

• Removal of organic 
and inorganic 
pollutants  
•Removal of heavy 
metal  

•Degradation of dyes 
etc. 

Fig. 1 Schematic representation of plant mediated synthesis of nanoparticles, their characterisation, 
and applications
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3 Role of Phytocompounds in Nanoparticles Synthesis 

Phytocompounds play a major role in the formation of nanoparticles. Due to exten-
sive study on phytochemicals analysis, our understanding has increased about them. 
It has facilitated in identification of particular biochemical compound present in 
the plant which acts as a reducing, capping and stabilising agent in nanoparticles 
synthesis. The phytochemicals analysis, if carried out by performing phytochemi-
cals tests can give the exact phyto component participating in reduction, which can 
be further determined by FTIR (Fourier Transform Infrared Spectroscopy) analysis. 
FTIR studies reveal that amino acids help in reduction of metal ions. For example, 
alpha amino acids reduces silver ion (Tan et al. 2010). Flavonoids are secondary 
metabolites produced by plants that have the ability to transform enol-form to keto 
form by releasing one hydrogen atom. Functional group of phenolic acids comprises 
the phenolic ring which is responsible for chelating metal and carboxylic acid. In 
synthesis of silver nanoparticle, using plant extracts of three plants namely Schinus 
molle, Equisetum giganteum, and Ilex paraguariensis, removal of electrons occur 
so that Gallic acid is oxidised to quinine (Barberia-Roque et al. 2019). Phytocom-
pounds polyols and polysaccharides actively present in Cinnamomum verum help 
in reducing Ag + ion in silver nanoparticle synthesis (Sathishkumar et al. 2009). 
Its functional group containing carbohydrate and hydroxyl group is known to be 
soluble in water while methyl and isopentyl are lipophilic in nature. It also has 
potential to donate hydrogen atom, thus helping in reduction process. Flavonoids 
are divided into major subclasses which included chalcones, flavones, flavanols, 
isoflavones and anthocyanidin. Quercetin, which comes under the class of flavanol, 
chelates metal ion at three different positions namely the catechol group, carbonyl 
group and hydroxyl group. Quercetin and plant pigmentation helps in bioreduc-
tion of silver nanoparticle synthesized from Acalypha indica leaf extract (Krishnaraj 
et al. 2010). Flavonoids have potential to tolerate heavy metals like cadmium and 
zinc in Arabidopsis thaliana. Terpenoids are the derivative of essential oil and have 
diverse structure containing 5 carbon isoprene units. They show strong antioxidant 
activity. They also help in bio-reduction by deprotonating the OH− group to form 
conjugate base structure and preventing it from further oxidation. Terpenes, which 
are converted into terpenoids upon oxidation, help in metal reduction. This active 
redox reaction leads to the formation of nanoparticles. Lantana camara leaf extract 
contains terpenoids as their main reducing and capping agent in the synthesis of silver 
nanoparticles (Ajitha et al. 2015). Excessive thermal heating can inactivate essential 
phytocompounds. Monosaccharide sugar like glucose and fructose also take part in 
formation of metallic nanoparticles through the conversion of ketone to aldehydes. 
Disaccharides and polysaccharides form an open chain with the help of monosac-
charides up to 7–8 units and provide the metal ion to aldehydes group and facilitate 
reduction process.
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4 Characterization of Nanoparticles 

To detect the reduction of metal precursor, the optical absorbance of synthesised 
nanoparticles is performed by a UV–Vis spectrophotometer. The spectra are recorded 
within the range of 200–700 nm. UV–Vis spectrophotometer is used to determine 
the concentration of different molecules present in a solution utilising the charac-
teristics wavelength of the molecule at which it maximally absorbs the light. After 
the plant extract and metal precursor are mixed, a change in colour of the solution 
is observed as the time progress. One concern is there that with time aggregation 
of nanoparticles proceeds, which ultimately alter the peak of absorbance. At partic-
ular wavelength of localized surface plasmon resonance, we get different maximum 
absorbance of nanoparticles as compared to literature values of those particular metal 
precursors. A study reported that the gold nanoparticles synthesized from Garcinia 
mangostana fruit peels turned purple instead of traditional yellow (Xin Lee et al. 
2016). Maximum absorbance of silver and gold nanoparticles synthesized from 
Rumex roseus leaf extract was recorded at 429 nm and 549 nm respectively by 
UV–Vis spectrophotometer (Chelly et al. 2021). SEM/TEM is used to determine the 
morphology of the synthesized nanoparticles. In TEM analysis, once electron hit 
the sample it gets absorbed, and gives much higher resolution than light microscopy 
whereas in SEM analysis of nanoparticles, the electron scans for different region 
of sample. In some regions, more scattered electrons are present due to which the 
absorbed atom is less and in other region less scattered electron found give a clear indi-
cation of more absorbed atom. This scattering of electron in different region results 
in more contrasting three- dimensional image as obtained from SEM micrograph. 
SEM/TEM studies are done to observe the shape and size of the synthesised nanoma-
terials. Garcinia magostana mediated magnetite nanoparticles are of 13.42 nm and 
displayed diffraction rings of Fe3O4 phase (Yusefi et al. 2021). FTIR spectra deter-
mine the functional group present in the plant extract which are held responsible 
for the synthesis of nanoparticles. The principle behind FTIR tell us that the bond 
between two atoms or molecules are not fixed and are involved in different types 
of motions called bond vibrations. Every compound has its signature vibration and 
stretching between the bonds by which the functional group can be determined. For 
example, formaldehyde has carbonyl carbon attached with oxygen where stretching 
and wagging goes on simultaneously. Therefore, absorbance determines the type of 
functional group present in the sample. The peaks in the spectrum show the bending 
and stretching vibrations of the biomolecules. Zinc oxide nanoparticles synthesized 
from Cayratia pedata leaf extract exhibit zinc bonding at 400 cm−1 and oxygen 
bonding at 600 cm−1 (Jayachandran and Nair 2021). Crystal structure of nanomate-
rials are analysed by XRD. We use X-ray crystallography because X-ray has shorter 
wavelength. Its working involves projecting a high energy electron beam falls on 
a rotating target that throws out the X-ray generated, which are then measured by 
a detector containing photomultiplier tube of X-ray diffractometer. The position of 
the peaks is determined by the planes which diffract coherently at an angle where 
Bragg’s law holds good.
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5 Different Types of Plant Mediated Nanoparticles Helping 
in Dye Degradation and Heavy Metal Removal 
from Aqueous Solution 

Chemical compounds which are released from industries, households, oil pollution, 
acid rain, sewage and agriculture waste makes remediation process of water more 
complicated and difficult. There are many techniques available for purification of 
water but the nanotechnological approach has been termed as potential method due 
to the small size and high reactivity of nanoparticles. Several types of plant-based 
nanomaterials have been explored for remediation of environmental pollutants as 
illustrated in Fig. 2. 

5.1 Nanoscale Zero Valent Iron (nZVI) Nanoparticle 

Nanoscale zero valent iron (nZVI) is preferred because it can be separated easily 
under the influence of external magnetic field. nZVI cannot remove contaminants 
on its own because of high probability of aggregation which can easily alter the 
surface chemistry to make it unreactive (Pasinszki and Krebsz 2020). To prevent these 
problems, nZVI nanoparticles come into use without damaging the active catalytic 
sites of nZVI. Sodium borohydride is used for stabilizing these nanoparticles as it 
increases surface reduction and prevents oxidation. Polyvinyl-pyrrolidone (PVP), 
polyethylene glycol (PEG), and carboxymethyl cellulose (CMC) used in coating of 
nZVI increase the stability by catalytic reduction of ketones to alcohol (Parimala

Fig. 2 Types of plant 
derived nanoparticles 

Plant derived 
nanoparticle 

Nanoscale 
Zero Valent 

Iron 
(nZVI) 

Titanium 
diodide 
(TiO2) 

Metal 
Based 
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metal 

Bimetallic/ 
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NPs 
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and Santhanalakshmi 2014). Fenton’s reagent is also used in remediating wastew-
ater along with nZVI nanoparticle as it produces hydroxyl radicle at low pH with 
higher concentration of H2O2 and Fe2+. Reduction of oxygen by nZVI and subse-
quent formation of hydrogen peroxide leads to hydroxyl radical formation and an 
oxidized organic compound (Babuponnusami and Muthukumar 2014). Nanoscale 
zero valent iron nanoparticle synthesis from green tea extract using bentonite for 
stabilization successfully degraded 96.2% RB 238 dye within 60 min followed by 
Fenton like oxidation (Hassan et al. 2020). Catalysis of dye resulted in the formation 
of hydrogen peroxide in which the OH radicle and dye degraded to form carbon 
dioxide and water molecule. Nanoscale zero valent iron used along with magnetite 
nanoparticle followed Fenton’s reaction to remediate wastewater by degrading chlo-
rinated compound like 2, 4-Dichlorophenoxyacetic Acid at pH 3–6.5 within 90 min 
(Nanoparticles 2020). 

5.2 Titanium Dioxide (TiO2) Nanoparticle 

Titanium dioxide obtained from the three different minerals namely anatase, brookite 
and rutile. Anatase grade of TiO2 exhibits similar properties as of rutile but brookite 
form is very rarely formed and is highly unstable. TiO2 nanoparticle synthesized from 
Cinnamon powder are of spherical anatase phase and shows enhanced photocatalytic 
property for solar cells with band gap of 3.2 eV which is determined by UV–Vis 
spectroscopy (Nabi et al. 2020a). Titanium dioxide is a potent photocatalyst which 
gets activated by UV light such as sunlight for photocatalytic reaction to take place. 
Titania exhibits unique physical properties due to which TiO2 is insoluble in water 
and show white colouration or precipitate, that’s why it is extensively used as food 
additive. Chemical and physical methods have several limitations like small scale 
production, not environment friendly, maintenance of temperature and pressure leads 
to high cost, use of surfactants result in toxicity and complexity. TiO2 nanoparticles 
can be successfully synthesized from biological methods like Aloe vera extract, 
Annona squamosa peel extract, and Jatropha curcas leaf extract, Nycetanthes Arbor-
Tristis leaf extract, Psidium guajava and various other plant extracts given in Table 2.

TiO2 is another way to generate hydroxyl radical which oxidizes contaminants 
present in water under the influence of light. Under the exposure of UV light, the 
band energy gap of TiO2 is 3–3.5 eV. The transfer of negative charged electron from 
valence band to conduction band exhibited by the forming positive charged holes. 
The photogenerated positive charge carriers (holes) from valence band diffuse to 
photocatalyst surface and react with water molecule to form free radical which is 
further oxidizes (Nakata and Fujishima 2012). The negatively charged electron from 
conduction band helps to promote reduction followed by reacting with atmospheric 
air to produce non-hazardous compound like water molecule, carbon dioxide etc. To 
enhance the photocatalytic efficiency, TiO2 is trapped within nanoparticles without 
damaging the active sites followed by surface modification via doping with carbon, 
nitrogen and metal (Zahra et al. 2020).
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5.3 Metal and Metal Oxide Nanoparticle 

Metals and oxides of metal nanoparticles are governed by physical and chemical 
properties of metals which play a major role in providing stability. Also, catalytic 
property enhances the degradation of contaminants like toxic metals, organochlori-
nated pesticides, polychlorinated biphenyl (PCB) (Nguyen et al. 2018). Metal oxide 
nanoparticles are very specific to size, shape as well as nanostructure. They have 
high density which results in small size of nanoparticles. So much of concern with 
the size is related to reactivity, magnetic and electric property of nanomaterials. 
Rather than remediating wastewater, iron oxide and magnetite are also considered 
as a potential approach in MRI and MSD. Similarly, silicon dioxide, manganese 
oxide, copper oxide, zirconium oxide, acts as catalysts in oxidation process and also 
possess electrolytic property. CeO2 nanoparticle synthesised from Oleo Europaea, 
Rubia cordifolia leaf show various catalytic properties, used in medical sciences and 
optical sensor technology (Nadeem et al. 2020). Iron oxide nanoparticle conflicts our 
interest, used in removal of contaminants from water. iron oxide nanoparticle poten-
tially removes lead, cadmium and chromium from aqueous solution (Ehrampoush 
et al. 2015). Bio-compounds such as coumarin and olefins facilitates reduction of 
metal ion by donating electron followed by hydroxyl and methyl group containing 
compound. polyphenolic compounds chelate the metal ion therefore nanoparticle 
can be reused up to five cycles without losing stability (Groiss et al. 2017). Several 
examples of metallic nanoparticles and metal oxide nanoparticles are given in Table 2. 

5.4 Bimetallic/Trimetallic Nanoparticle 

Combination of metals by optimizing their energies and reaction conditions refers 
to bimetallic or trimetallic nanoparticles based upon the number of metals partici-
pating in the formation and enhance their remediation strategy. They can be used 
as multipurpose tool. Bimetallic increases the efficacy of reduction of metal by 
altering the individual component, or geometrical structure to achieve better func-
tionality and application. Phoenix dactylifera synthesised bimetallic copper-silver 
nanoparticle exhibit catalytic property to degrade methyl blue from aqueous solution 
and antibacterial activity against Bacillus subtilis and Escherichia coli (Al-Haddad 
et al. 2020). Some monometallic nanoparticle aggregates easily and loss their reac-
tivity therefore addition of catalytic metal is preferred which result in formation of 
bimetallic nanoparticle in order to increases the reactivity, catalytic selectivity and 
great efficiency useful in multiple applications like exhibiting antimicrobial property, 
anticancer property and potent nano catalyst. Green synthesis of Au–Ag bimetallic 
nanoparticle by using Pulicaria undulata extract shows catalytic activity in reduction 
of 4-nitrophenol to 4-aminophenol under the influence of sodium borohydride (Khan 
et al. 2020). Silver nanoparticle which exhibits excellent antibacterial property used 
in pharmaceutical sector and antimicrobial property used in cosmetics, biosensor,
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food processing etc,. On the other hand, gold nanoparticle used in medical field like 
cancer therapy. The idea is to combine the dual nature of silver and gold nanoparticle 
to improve the application and efficiency in bimetallic nanoparticle. Fe/Pd nanopar-
ticle synthesis from aqueous extract of grape leaf in order to determine the reactivity 
of bimetallic nanoparticle in comparison with monometallic iron nanoparticle (Luo 
et al. 2016a). 

Green synthesis of Au/Pt/Ag trimetallic nanoparticle using Lamis albi flos extract 
for determination of antimicrobial activity (Dlugaszewska and Dobrucka 2019). Vitex 
angus-castus synthesized Au-ZnO-Ag trimetallic nanoparticle has ability to degrade 
methylene blue dye within 36 min as well as 97% degradation of crystal violet 
dye (Dobrucka 2019). Nanomaterial along with nanoparticles is more specific in 
treatment of water as it increases the degradation speed and reactivity, preventing 
any kind of by product formation. Nanomaterials when reacts with pollutants (inor-
ganic/organic) or heavy metals, result in photocatalytic reaction, chemical reaction, 
absorption and adsorption. Au–Ag-Sr nanoparticle synthesize from root extract of 
three different plants namely Coriandrum sativum, Aloe indica and Plectranthus 
amboinics by using gold chloride, silver nitrate and strontium chloride as a metal 
precursor (Binod et al. 2018). Trimetallic Fe-Ag-Pt synthesize from Platycodon 
grandiflorum shows excellent catalytic efficiency in reducing 4- nitroaniline to p-
phenylenediamine within 25 min and complete decolourization of rhodamine B dye 
within 15 min (Basavegowda et al. 2017). 

6 Remediation Potential of Phyto-Nanoparticles 
in Wastewater Treatment 

6.1 Dye Degradation from Wastewater 

Heterogeneous photocatalysis is technique used for purification of wastewater. The 
mechanism can be classified based upon the type of catalyst. Photo-decolouration 
involves photo-oxidation and photo-reduction in which dye converted to its orig-
inal form. Photo-degradation converted the dye into some non-toxic stable product. 
Photo-mineralization gives the potential to decompose the dye into carbon dioxide, 
water, nitrate, etc.. Photo-decomposition involves photo-degradation and photo-
mineralization. In photocatalytic degradation of dye, excited electron moves from 
valence band to conductance band, generating electron hole pair which result in 
oxidative photo-degradation by generating the hydroxyl radical. thus, atmospheric 
oxygen comes in contact with electron resulting in complete degradation of dye to 
non-toxic by products such as carbon dioxide, water molecule, etc. (Marimuthu et al. 
2020). TiO2 can be used as potent oxidizing agent because of its high energy gap 
between valance band and conductance band. A suitable metal which is stable, act 
as good conductor as well as absorbs light easily can be doped with TiO2 to reduce 
the energy gap. Electron captured by oxygen in water forming a free radical. Hole
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created by due to excitation of electron finally accepts the electron from absorbed 
dye resulting in reduction of dye. Determination of dye degradation through UV-
Vis spectroscopy carried out by evaluating the optical density of nanoparticles. The 
electron transfer from donor to acceptor held on the surface of nanoparticle thus, it 
acts as a catalyst for the reaction. The dye degradation is dependent upon the size 
and shape of synthesized nanoparticle and the target dye chemical structure. Silver 
and palladium nanoparticle synthesized from Daucus carota leaf extract shows high 
efficiency of removing rhodamine 6-G dye. Catalytic property was evaluated that 
came to be 98% and 89.4% of rhodamine dye get decolourized within 2 min and 
30 min under the treatment of palladium nanoparticle and silver nanoparticle respec-
tively (Joseph Kirubaharan et al. 2020). Silver nanoparticle synthesized from Albizia 
procera shows promising results in removing methyl blue dye. Optimized pH at 
11.5 to get removal efficiency of 99.6% of methyl blue dye. Similarly, temperature 
optimized at 30 degree Celsius and contact time of around 70 min to get removal effi-
ciency of 93.65% and 51.54% respectively (Rafique et al. 2019). Green synthesis of 
copper nanoparticle is successful in degrading 96% of methyl blue dye from aqueous 
solution under optimize conditions (Sinha and Ahmaruzzaman 2015). Several studies 
conducted on applicability of plant-based nanomaterials for dyes and heavy metal 
pollution, UV–Vis range for dye degradation analysis, and additives etc., have been 
presented in Table 3.

6.2 Heavy Metal Removal from Aqueous Solution 

Adsorption mechanism assisted by electrostatic interaction, complexation and adsor-
bent nature. electrostatic interaction between metal ion and adsorbent are driving 
forces for adsorption process (Sarma et al. 2019). plant mediated nanoparticles 
provide a function group which increases in binding site and form surface complex by 
electrostatic attraction. Adsorbate interaction with adsorbent determines with the help 
of different isotherm include Freundlich isotherm and Langmuir isotherm. Kinetic 
model include pseudo first order reaction and pseudo second order reaction helps 
in determining the type of adsorption on adsorbent along with reaction pathways. 
combination of theoretical and experimental calculation obtained from adsorption 
isotherms and kinetic model explain the efficient removal of heavy metal from the 
water (Al-Senani and Al-Fawzan 2018). Adsorption capacity of silicon nanoparticle 
synthesized from plant extracted Saccharum ravannae, Saccharum officinarum and 
Oryza sativa found to be above 95% for Pb2+ and Ca2+. The adsorption studies 
of Silica nanoparticle is done by optimizing various parameters like pH, metal ion 
concentration, temperature, adsorbent dose and contact (Sachan et al. 2021). The 
adsorption mechanism is understood by various isotherm models like Freundlich 
isotherm and Langmuir isotherm and thermodynamic studies. Iron nanoparticle 
synthesized by using tea extract was irradiated with 60Co gamma radiation. The 
adsorption capacity of Cu2+ ions in aqueous solution before and after radiation was 
observed 81.67% and 97% respectively under optimize condition (Amin et al. 2021).



Plant Mediated Nanomaterials: An Overview on Preparation Strategies … 321

Ta
bl

e 
3 

Ph
yt
on
an
op
ar
tic
le
s 
sh
ow

in
g 
re
m
ov
al
 e
ffi
ci
en
cy
 o
f 
he
av
y 
m
et
al
s 
an
d 
dy
e 
de
gr
ad
at
io
n 
fr
om

 a
qu
eo
us
 s
ol
ut
io
n 

N
an
op

ar
tic

le
H
ea
vy
 m

et
al
/d
ye

U
V
-
V
is
 o
f 
dy
e/
N
P 

(o
bs
.)
 

R
ea
ct
io
n 
tim

e
A
dd

iti
ve
s

pH
Pe
rc
en
ta
ge
 

re
m
ov
al
/o
bs
er
va
tio

n 
R
ef
er
en
ce
s 

Si
lv
er
 n
an
op

ar
tic

le
M
et
hy
le
ne
 b
lu
e 
dy
e

66
0 
nm

/4
20
 n
m

0–
72
 h

–
5.
6 

6.
6 

7.
6 

8.
6 

95
.3
%
 a
t 7

2 
h 
at
 8
.6
 

pH
 

V
an
aj
a 
et
 a
l. 

( 2
01
4)
 

Si
lv
er
 n
an
op

ar
tic

le
C
on
go
 r
ed
 d
ye

SP
R
 b
an
d—

49
8 

(p
ie
-p
ie
) 

33
8(
n-
pi
e)
 

A
t i
nt
er
va
l o

f 
1.
5 
m
in
 u
pt
o 

15
 m

in
 

So
di
um

 
bo
ro
hy
dr
id
e 

–
N
ot
 g
iv
en

K
ol
ya
 e
t a
l. 

( 2
01
5)
 

Si
lv
er
 n
an
op

ar
tic

le
C
on
go
 r
ed
 d
ye

49
6 
nm

 d
ye
/4
26
 

A
gN

P 
0–
13
 m

in
tu
es

So
di
um

 
bo
ro
hy
dr
id
e 

–
98
.5
 u
pt
o 
5 
cy
cl
es

C
ha
nd

 e
t a
l. 

( 2
02
1)
 

Si
lv
er
 n
an
op

ar
tic

le
Sa
fr
an
in
 O
 

M
et
hy
l r
ed
, 

M
et
hy
l O

ra
ng
e,
 

M
et
hy
l b

lu
e 

(1
0 
m
g/
l)
 

51
9 
nm

 
41
5 
nm

 
46
0 
nm

 
66
4 
nm

 
(A

gN
P-

41
9 
nm

) 

0–
24
 h

–
–

D
eg

ra
da

ti
on

 r
at

e 
co

ns
ta

nt
 

1.
02
 ×

 10
–3
/m

in
 

1.
03
 ×

 10
–3

 

1.
86
 ×

 10
–3

 

1.
44
 ×

 10
–3

 

Jy
ot
i a
nd
 

Si
ng
h 
( 2
01
6)
 

Si
lv
er
 n
an
op

ar
tic

le
B
ri
lli
an
t b

lu
e 

Ta
rt
ra
zi
ne
 

C
ar
m
oi
si
ne
 

62
9 
nm

 
42
0 
nm

 
50
4 
nm

 

R
ea

ct
io

n 
ra

te
 

co
ns

ta
nt

-k
 

0.
20
97
 

0.
00
76
 

0.
04
96
 

So
di
um

 
bo
ro
hy
dr
id
e 

–
–

D
av
id
 a
nd
 

M
ol
do
va
n 

( 2
02
0)

(c
on
tin

ue
d)



322 N. Kumari et al.

Ta
bl

e
3

(c
on
tin

ue
d)

N
an
op

ar
tic

le
H
ea
vy

m
et
al
/d
ye

U
V
-
V
is
of

dy
e/
N
P

(o
bs
.)

R
ea
ct
io
n
tim

e
A
dd

iti
ve
s

pH
Pe
rc
en
ta
ge

re
m
ov
al
/o
bs
er
va
tio

n
R
ef
er
en
ce
s

Si
lv
er
 n
an
op

ar
tic

le
M
et
hy
l b

lu
e 

M
et
hy
l o

ra
ng
e 

50
0–
70
0 

35
0–
55
0 
nm

 
1
m
M

 
5
m
in

 
2 
m
M
–5
 m

in
 

1
m
M

 
5
m
in

 
2
m
M

 
5
m
in

 

So
di
um

 
bo
ro
hy
dr
id
e 

–
27
.1
2%

 
18
.0
8%

 
69
.7
9%

 
42
.1
1%

 

C
ha
nd
ra
 P
au
l 

et
 a
l. 
( 2
02
0)
 

Si
lv
er
 n
an
op

ar
tic

le
H
g2
 +

 de
te
ct
io
n

N
ot
 m

en
tio

ne
d 

(g
iv
en
 a
 g
ra
ph
) 

–
–

pH
-
3–
8 

(n
o 
ef
fe
ct
 

of
 p
H
) 

D
ar
k 
ye
llo

w
 c
ha
ng
es
 

to
 c
ol
ou

rl
es
s 

R
oy
 e
t a
l. 

( 2
01
5)
 

Si
lv
er
 n
an
op

ar
tic

le
D
et
ec
tio

n 
of
 H
g2

+
N
ot
 m

en
tio

n 
(g
ra
ph
 

gi
ve
n)
 

–
–

–
D
ar
k 
br
ow

n 
ch
an
ge
s 

to
 c
ol
ou

rl
es
s 

Ta
ga
d 
et
 a
l. 

( 2
01
7)
 

G
ol
d 
na
no

pa
rt
ic
le

To
xi
c 
m
et
al
 r
em

ov
al
 

Pd
 

C
d 

C
u 

Fe
 

N
i 

C
o 

M
n 

Z
n 

Pb
 

A
bs
or
pt
io
n 
ca
pa
ci
ty
 

of
 a
ds
or
be
nt
 u
se
d 
in
 

aq
ue
ou
s 
so
ln
. o

f 
to
xi
c 
m
et
al
 w
as
 

de
te
rm

in
ed
 b
y 
ba
tc
h 

m
et
ho
d 

12
0 
m
in

–
5 6 6.
5 

R
em

ov
al
%
 

63
.4
6 

60
.2
0 

51
.5
0 

68
.2
0 

42
.1
8 

23
.4
7 

21
.6
2 

35
.3
7 

75
.7
6 

B
ar
an
 e
t a
l. 

( 2
02
0b
)

(c
on
tin

ue
d)



Plant Mediated Nanomaterials: An Overview on Preparation Strategies … 323

Ta
bl

e
3

(c
on
tin

ue
d)

N
an
op

ar
tic

le
H
ea
vy

m
et
al
/d
ye

U
V
-
V
is
of

dy
e/
N
P

(o
bs
.)

R
ea
ct
io
n
tim

e
A
dd

iti
ve
s

pH
Pe
rc
en
ta
ge

re
m
ov
al
/o
bs
er
va
tio

n
R
ef
er
en
ce
s

Sn
O
2 
na
no

pa
rt
ic
le

Ph
ot
od
eg
ra
da
tio

n 
of
 

R
hB

 
R
em

ov
al
 o
f 
he
av
y 

m
et
al
 C
o 
+ 

2 

55
3.
5/
37
0–
37
5 
nm

19
0 
m
in
 

60
 m

in
 

–
7 >
7 

>
8 

91
.7
%
 

A
ds
or
pt
io
n 
ca
pa
ci
ty
 

93
.6
%
 

Fo
rm

at
io
n 
of
 s
ol
ub

le
 

hy
dr
ox
yl
 c
om

pl
ex
 in

 
ex
ce
ss
 o
f 
O
H
 

C
ob
al
t h

yd
ro
xi
de
 

st
ar
te
d 
to
 p
pt
 f
ro
m
 a
q.
 

So
l. 
&
 a
ds
or
pt
io
n 
w
as
 

im
po

ss
ib
le
 

E
br
ah
im

ia
n 

et
 a
l. 
( 2
02
0)
 

Z
er
o 
va
le
nt
 ir
on
 

na
no

pa
rt
ic
le
 

A
ds
or
pt
io
n 
of
 C
r(
V
I)

–
30
 m

in
 

90
 m

in
 

O
en
ot
he
in
 B

–
A
ds
or
pt
io
n 
ef
fic
ie
nc
y 

98
.1
%
 

71
.9
%
 

M
ad
ha
vi
 

et
 a
l. 
( 2
01
3a
) 

M
ag
he
m
ite

 
na
no

pa
rt
ic
le
 

R
em

ov
al
 o
f 
he
av
y 

m
et
al
 in

 fl
y 
as
h 

Pb
 

C
d 

–
1
h
 

24
 h
 

1
h
 

24
 h
 

–
7

85
.5
6%

 
90
.8
5%

 
67
.8
%
 

C
on

c.
 R
ea
ch
ed
 b
el
ow

 
th
e 
de
te
ct
io
n 
le
ve
l o

f 
IC
P-
O
E
S 
(n
ot
 

de
fin

ed
) 

Y
ad
av
 a
nd
 

Fu
le
ka
r 

(2
01
8a
)

(c
on
tin

ue
d)



324 N. Kumari et al.

Ta
bl

e
3

(c
on
tin

ue
d)

N
an
op

ar
tic

le
H
ea
vy

m
et
al
/d
ye

U
V
-
V
is
of

dy
e/
N
P

(o
bs
.)

R
ea
ct
io
n
tim

e
A
dd

iti
ve
s

pH
Pe
rc
en
ta
ge

re
m
ov
al
/o
bs
er
va
tio

n
R
ef
er
en
ce
s

Ir
on
 b
as
ed
 

na
no

pa
rt
ic
le
 

R
em

ov
al
 o
f 
C
r 
(V

I)
 a
nd
 

C
u 
(I
I)
 w
he
n 
co
-e
xi
st
ed
 

to
ge
th
er
 

C
r 
(V

I)
 a
nd
 C
u 
(I
I)
 

pr
es
en
t s
ep
ar
at
el
y 

R
em

ov
al
 e
ffi
ci
en
cy
 o
f 

C
r 

C
u 
(I
I)
 

Pb
 (
II
) 

Z
n 
(I
I)
 

– – 
1
h
 

T
 =

 28
8 
K
 

T
 =

 30
8 
K
 

–
5

C
r 
(V

I)
-
58
.9
%
 

C
u 
(I
I)
-3
3%

 
C
r 
(V

I)
 =

 74
.2
%
; C

u 
(I
I)
 =

 45
.2
%
 

C
u-
26
.8
%
 

C
r-
50
.7
%
 

C
u-
40
.8
%
 

C
r-
62
.6
%
 

C
r 
= 

fr
om

 7
5.
1%

 to
 

50
.8
%
 

C
u 
28
.3
%
 to

 6
4.
2%

 
44
.8
 

21
.5
 

31
.4
 

10
.8
 

A
jit
ha
 e
t a
l. 

( 2
01
5)
 

Z
er
o 
va
le
nt
 S
ilv

er
 

na
no

pa
rt
ic
le
 

C
ad
m
iu
m
 r
em

ov
al
 f
ro
m
 

aq
ue
ou
s 
so
lu
tio

n 
–

40
 m

in
–

6
85
%
 

75
.5
%
 

A
l-
Q
ah
ta
ni
 

( 2
01
7)
 

Z
er
o 
va
le
nt
 ir
on
 

na
no

pa
rt
ic
le
s 

R
em

ov
al
 o
f 
C
r 
(V

I)
 

fr
om

 a
qu
eo
us
 s
ol
ut
io
n 

T
V

-F
e 
(h
ig
he
r%

 
re
m
ov
al
) 

U
D
-F
e 

R
D
-F
e 

A
ds
or
pt
io
n 

ca
pa
ci
tie

s 
46
6 

46
2 

45
3.
7 

1–
10
 

1–
10
 

30
 m

in
 

–
2–
9

91
.7
5%

 
60
.9
5%

 
97
.5
%
 

97
.1
%
 

96
.9
4%

 

Fa
zl
za
de
h 

et
 a
l. 
( 2
01
7)
 

Si
lv
er
 n
an
op

ar
tic

le
s

C
hr
om

iu
m
 r
em

ov
al

35
0 
nm

–
A
ct
iv
at
ed
 

ca
rb
on
 

–
A
bs
or
bi
ng
 p
at
te
rn
 w
as
 

ir
re
gu
la
r 

Sa
m
ro
t e
t a
l. 

( 2
01
9)



Plant Mediated Nanomaterials: An Overview on Preparation Strategies … 325

Iron oxide nanoparticles synthesized from Ramalina sinesis extract was successfully 
able to remove lead and cadmium by following Langmuir adsorption isotherm and 
Freundlich adsorption isotherm respectively also both removal follows second order 
kinetic model with removal capacity of 82% for lead and 77% for cadmium under the 
pH ranges between 4 to 5 and initial ion concentration was 50 mg/l with 70-degree 
temperature in 1 h (Arjaghi et al. 2021). 

Factor Affecting Removal of Heavy Metal 

Biomass concentration 

Increase in biomass concentration results in increases in number of metal binding sites 
hence increase adsorption efficiency. Lead, zinc and chromium removal efficiency 
increases from 94.35% to 100%, 44% to 36.9% and 55% to 81.9% respectively, 
when concentration of biomass changes from 0.2 g to 2 g (Chandra Sekhar et al. 
2003). At very high concentration of biomass, metal removal efficiency decreases 
because of the reduction average distance available for absorption sites due to the 
aggregation of biomass. Copper uptake efficiency decreases from 85 to 58%. With 
increased biosorption concentration from 0.5 g/l to 2 g/l (Chandra Sekhar et al. 
2003). From comparative studies, we can conclude that low biomass concentration 
results in decreased biosorption efficiency. With increase in dosage of zerovalent 
iron nanoparticle from 0.5 g/l to 2.0 g/l, the removal efficacy of Cu, Zn, Cr and Pb 
was increased from 76%, 14% 51% and 78% to more than 80% in both Zn and Pb 
followed by complete removal of Cu and Cr within 30 min. higher pH was obtained 
at higher biomass concentration for the removal of heavy metal like Zn, Pb, Cr and 
Cu (Chen et al. 2008). Since metal removal occurs at the surface of the nanoparticle, 
the maximum removal of heavy metal become unchanged. Also, removal efficiency 
of heavy metal is inversely proportional to the initial metal ion concentration under 
a constant biomass concentration. Magnetite concentration was increased from 1 g/l 
to 4 g/l in order to increases the removal efficiency of hexavalent chromium from 
29.1% to complete removal (Ataabadi et al. 2015). 

pH 

The important factor is pH, affecting the chemistry of metal ions and biosorbent by 
influencing their solubility as well as toxicity. Metal uptake related to complexation 
chemistry of metal ion and behaviour of function group present at the surface of 
the plant. The carbonyl group of biomolecule provide a negative charge at acidic 
condition due to which an electrostatic interaction occurs between two cationic which 
results in biosorption of metal. At low pH, H + ions are occupied in the active sites of 
adsorption, with increases in pH these sites become free and available for the heavy 
metal on the surface of adsorbent. In the pH range of 3–7 there is slight increase in 
removal process of heavy metal like Cr(VI) removal favoured at low pH due to the 
positive charged surface of nanoparticle at low pH attract the negative charge anions 
as a result an electrostatic attraction occurred (Weng et al. 2016b). Also, at some point
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adsorption sites become independent of pH change indicating saturation point which 
is attributed to formation of hydroxyl complex in excess of OH ion, depends upon the 
type of heavy metal that is to be removed and the surface of nanoparticle. Adsorption 
capacity increases with increases in pH until it attains a maximum biosorption at 
optimum pH because further increase in pH will result in precipitation of metal. 
Addition of NaOH and HNO3 leads to increment and reduction of pH respectively. 
Studies have been be conducted over silver nanoparticle synthesis from different 
plant extract like neem leaf, sun dried leaf of neem, neem bark, mango leaf, sun 
dried leaf of mango, green tea and pepper seed extract selectively sense heavy metal 
like mercury, lead, zinc, cobalt and zinc over a wide range of pH from initial pH and 
highest pH that maintains acidic and basic environment respectively. At initial pH 
4, mercury was detected by neem bark synthesized silver nanoparticle but it was not 
detected when increasing the pH up to 9 rest other metal like cobalt and nickel was 
detected (Karthiga and Anthony 2013). 

Temperature 

Higher temperature increases the solubility of metal ion in water, therefore biosorp-
tion of these metal ions become difficult. Temperature depends upon the type of chem-
ical reaction occurring between biosorbent and metal ion. Metal removal efficiency 
decreases with increase temperature for exothermic biosorption as the absorption of 
the molecule becomes easier and when temperature rise, desorption of the molecule 
take place. Sorption of lead and cadmium by Caladium bicolor biomass is affected 
between 30 to 80 degrees Celsius. Increase in temperature results in weak attractive 
forces between bisorbent and bisorbate, thinning of the outer boundary layer which 
help the metal ion which lead to decreases in sorption. Lower temperature helps in 
enhancing the activation energy and solubility of chemical to increase the rate of 
the reaction. Uptake of lead ion to biosorbent by peanut shell effectively remove 
66% of lead at 20 degrees Celsius. Removal efficiency decreases with increase in 
temperature from 20 degree Celsius to 40 degree Celsius showed exothermic biosorp-
tion (Taşar et al. 2014). In zinc oxide nanoparticle, increase in temperature from 30 
to 70-degree result in increase in adsorption capacity of lead from 16.19 mg/g to 
19.96 mg/g (Azizi et al. 2017) whereas increase in temperature from 288 to 308 K 
results in higher adsorption of Cr (VI) and Cu (II) on the surface of iron nanopar-
ticle (Weng et al. 2016b). Interaction between available sites of the absorbent with 
absorbate efficiently increases the removal rate from 73.8% to 100% of the toxic 
hexavalent chromium with increase in temperature from 25 degrees Celsius to 40 
degrees Celsius respectively (Ataabadi et al. 2015). Therefore, temperature depends 
upon the nature of the process. 

Initial metal ion concentration 

Adsorption capacity increases with initial metal ion concentration. When all binding 
sites occupied with metal result in increase in concentration slope. There would be 
decrease in adsorption rate with further increasing the concentration of metal ion 
as all the obtainable nanoparticle sites are filled. Removal efficiency of chromium 
is 86% with initial iron concentration 30 mg/l. increase in iron concentration up to
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150 mg/l result in deduce the adsorption efficiency from 86 to 70% (Al-Qahtani 
2017). 100 mg/ml is the concentration of metal ion where the removal efficiency of 
chromium is highest that is 42.37%. Further increasing the metal ion concentration up 
to 200 mg/ml, the removal efficiency of chromium decreased from 42.37% to 33.75% 
as all available site occupied which result in closing of the pores and hence metal ion 
preventing penetrating deep into adsorbent pore (Shaik et al. 2020b). Zerovalent iron 
nanoparticle effectively remove hexavalent chromium with adsorption efficiency of 
98.1% observed within 30 min when initial metal ion concentration is 200 mg/ml. 
adsorption efficiency decreases to 71.9% with increase in metal ion concentration 
up to 400 mg/ml (Madhavi et al. 2013b). 

Contact time 

Contact time indirectly effects the rate of adsorption and the data was analysed by 
kinetic models namely pseudo first order and pseudo second order model. It has 
similar affect as of initial metal concentration, biosorption increases with increase 
in contact time. When all the binding sites become fully saturated, the reaction 
become independent of time. Cadmium removal from aqueous solution carried 
out at optimum contact time of 40 min. over that time, no further increase in 
cadmium removal efficiency (Al-Qahtani 2017). Absorption capacity of hexavalent 
chromium decreases from 98.1% to 72.9% with increase in contact time of 30 min 
to 90 min (Madhavi et al. 2013b). Maghemite nanoparticle effectively remove lead 
and cadmium from fly ash with respect to time. The removal process observed upto 
0 to 24 h. It has been observed that initially, 85.56% of lead is removed and cadmium 
removal was not defined by ICP-OES. After 2 h, 67.8% removal of cadmium was 
detected followed by detection of 90.85% lead at 24 h (Yadav and Fulekar 2018b). 
Most of the adsorption site are occupied initially that’s why it attains an equilibrium 
and removal percentage does not increase rapidly. 

6.3 Desorption Analysis 

Desorption studies refer to the removal of absorbed metal from the surface of 
absorbent. There are various types of desorbing agents including tap water, sodium 
hydroxide, hydrochloric acid, deionized water, sulphuric acid, ammonium hydroxide, 
potassium hydroxide. For example, the desorption efficiency of HCl and H2SO4 is 
very high in removing the Cr (VI) and Pb (II) ions respectively from the adsorbent. It 
was found that adsorbent exhibited good removal efficiency of chromium and lead up 
to five consecutive cycles (Bayuo et al. 2020). Sodium hydroxide is considered best 
for the removal of chromium up to five consecutive cycles as its desorption efficacy 
reduces from 98 to 89% after the fifth cycle (Al-Haddad et al. 2020). Chromium 
desorption from red peanut skin synthesized iron nanoparticle was done by using 
16 M hydrochloric acid and distilled water as desorbents. Iron nanoparticle dried by 
vacuum under 40 degrees Celsius and 60 degrees Celsius as well as air dried at room 
temperature. Maximum chromium efficiency that is 100% within 1 min was achieved
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by vacuum dried at 60 degrees Celsius then followed by vacuum dried iron nanopar-
ticle at 40 degrees Celsius. It has been hypothesized that with increase in temperature 
of vacuum drying, reduction of radius of iron nanoparticle occurred due to which 
at higher temperature chromium removal occurred more rapidly. Minimum removal 
efficiency was 90% in 4.5 h given by air dried iron nanoparticle due to formation of 
ferrosoferric oxide (Pan et al. 2019). Bimetallic silver- copper nanoparticle at zinc 
oxide surface efficiently able to degrade rhodamine B to leuco rhodamine B dye and 
Congo red dye within 12 s and 9 s respectively up to five consecutive cycles because 
after that leaching of metal started which can be determined by ICP-AES (Manjari 
et al. 2020). 

7 Challenges and Future Prospects 

Nanoparticles have been successfully found active in remediating the waste water but 
at the same time, they also face some critical challenges in their synthesis. Since we 
discussed the green synthesis of nanoparticle, first of all there is need for the selection 
of appropriate plants which are rich in phytocompounds like polyphenol, flavonoids, 
terpenoids, alkaloids etc. Identification of particular biochemical compound present 
in the plant that acts as a reducing capping and stabilising agent of the nanoparticle 
is also necessary. After selection of suitable plant with exact targeted active phyto-
chemical compound, the selection of suitable metal precursor is needed. Nanopar-
ticles have small size and larger surface area due to which they have more inter-
action sites available on their surface with cells. This gives several toxic biological 
responses. Smaller the size of the nanoparticle, greater the toxicity attributed with 
it. Toxicity of nanoparticle depends upon various parameters including structure, 
shape, hydrophilicity, composition, concentration, reaction temperature and surface 
chemistry. The toxicological effects of nanoparticle affect humans and environment. 
Acute and chronic toxicity occur upon oral exposure of several metal nanoparticles. 
Due to their small size, some nanoparticles pass the blood brain barrier which may 
lead to dangerous neural diseases. Reuse of nanoparticles is another challenge. 

Nanotechnology is establishing in every field, be it agricultural engineering, drug 
delivery, X-ray imaging, dentistry, cosmetics or other environmental aspects. From 
past studies, we can conclude that nanoparticle synthesis by traditional methods 
requires heavy machine equipment and toxic chemicals with complex handling 
which is a very costly procedure. To overcome these disadvantages, we moved to 
green synthesis of nanoparticles from plant, algae, bacteria and fungi. This chapter 
presents an insight into nanoparticle synthesis from plant extract. Exact mechanism 
of the targeted biochemical process occurs at cellular level for increased production 
of nanoparticle, which can be discovered in further studies. More studies can 
be carried out on capping agents which prevent the further reaction aggregation 
and result in providing stability for a longer period of time. We have to expand 
the area of the sources of nanoparticle synthesis so that they can be synthesized 
from waste materials like algae and several other plants which are cheap, easily
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available and suitable. Very limited studies have been carried out on the toxicity 
of phyto-nanoparticles. We need to develop several strategies for detoxification of 
green nanoparticles. Research cannot be restricted to water pollutant removal only. 
We can explore new opportunities in the environmental air purification also, to 
reduce the amount of particulate matter (PM), ozone, sulphur, etc. 

8 Conclusion 

Pollutants such as heavy metal and various organic or synthetic dyes contaminate the 
water bodies leading to water pollution thus creating many problems related to human 
and animal health and affecting the environment. Therefore, there is an immediate 
requirement of water treatment. Phyto-nanotechnology holds an enormous potential 
to remediate wastewater as it offers inexpensive, eco-friendly and efficient way. In 
this chapter, we have discussed the various types of plant synthesized nanoparticles 
which can be used to remediate wastewater. The exploration of biotechnological 
prospects for nanoparticles synthesis at industrial scale remediation of wastewater is 
needed. The article concludes that phytonanoparticles can be a potential, inexpensive 
and ecofriendly agents for environmental pollution remediation. 
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