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ABSTRACTS

A ground-breaking discovery of the 20th century is the ecologically sound 
Nanotechnology (NT). It can benefit many industries like for medical 
purposes – drugs (especially for cancer), surgeries, agriculture, cosmetics 
industry, fabrics, in many devices – computers, mobiles, waste material 
management, water treatment, and others. Green NT is a combined effort 
with green chemistry with engineering in modified ways and is investigating 
without distressing human health and the environment. Presently, the chapter 
emphasizes synthesizing green nanoparticles (NPs) and their prospective 
approaches at a multitude of organizations. The valuable part of this green 
revolution is the copious availability of its source, which can mitigate the 
effects of global warming and lessen both food security and productivity. 
Different plants, algae such as Mikania sp., diatoms, Salvinia molesta, 
etc., are used to extract the NPs and are used for variegated environmental 
practices both in and undeviating way or ambiguously. Moreover, those 
green NPs can also alter the metabolisms within plant bodies themselves, 
including oxidative stress, apoptosis-related changes, etc. Comprehensive 
investigations are going on globally for the nanomedicines, and usage of 
green NPs in drug delivery systems (DDS), and this field should acquire 
attention for the sake of more advanced civilization.
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15.1  INTRODUCTION

“Nano” is a Greek term that denotes a little dwarf or minute material with a 
magnitude of 10–9 m [104]. When dealing with the term “nano,” two other 
phrases come up frequently: “nanoscience” and “nanotechnology,” while NT is 
a subfield of nanoscience that specializes in developing devices, components, 
and systems with the smallest unit size possible (1 nm) [95, 138, 153]. NT 
has been used since the time of Democritus in the 5th century B.C. [101]. 
People believed that matter could be split down into numerous indestructible 
essential components, eventually referred to as atoms [152]. In the late 1800s, 
Dmitri Mendeleev and Lothar Meyer constructed periodic tables separately 
[35], widely regarded as the first method for arranging elements according 
to their atomic masses [27]. The 20th century was significant in terms of 
science since it saw the development of nuclear and particle physics and the 
discovery of subatomic particles [76]. NT was used by ancient people from 
the 4th century AD, according to historical records.

The Lycurgus Cup, a roman cage cup made of dichroic glass, is a classic 
example of NT in practice [62]. When the source of light and the observer 
are on the same side, it emits a green color and a bright red color when the 
viewer and the light source are on opposite sides. [67, 156]. This unusual 
effect was caused by two distinct silver (Ag) and gold nanoparticles (Au 
NPs). The green reflection comes from the Ag particles, whereas the red 
comes from the gold (Au). It is said to be the only surviving antique glass-
ware with remarkable optical features [77]. According to medieval European 
artisans, adding gold chloride (AuCl3) to molten glass gave it a reddish tinge 
[133], while silver nitrate (AgNO3) gave it a yellowish tint [60]. During the 
16th to 18th centuries, this method reached its pinnacle, resulting in creating 
some of the most magnificent stained glass in the world [22, 97]. However, 
the craftsmen were unaware of the scientific explanation for these beautiful 
hues at the time. Scientists later revealed that Au and silver nanoparticles 
(Ag NPs) in stained glassware operated as quantum dots (QDs), reflecting 
red and yellow light and enhancing the brilliance of the stained glass [24]. 
During the Renaissance period, around the 15th and 16th centuries, Italians 
employed nanoparticles (NPs) to make pottery. The Au and ruby red lusters 
could be explained by the existence of NPs of Ag, copper (Cu), mercury 
(Hg), and bismuth (Bi) in various proportions in the pottery [118].

Nanotechnology was also widely used in the Islamic world. The Islamic 
culture was also enamored by luster and strove to imitate pottery and art. 
The record states that the earliest luster beautifications were applied to 
glazed pottery in the Caliph’s palace in Samara around 836–883 AD. A 
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variety of metals was discovered during a chemical investigation of Islamic 
lustered potteries, out of which Cu and Ag NPs, in general, contributed to 
the coloration [142]. The ottomans manufactured “Damascus” saber blades 
made of cementite nanowires and carbon nanotubes (CNTs) that provided 
increased stability, toughness, and a sharp cutting edge until the 18th century 
[145]. Michael Faraday made one of the earliest attempts to investigate the 
properties of NPs [128] systematically. He investigated the characteristics and 
behavior of colloidal suspensions of ‘ruby’ Au in great detail, demonstrating 
that Au NP is responsible for various colors in solution [33]. The NT R&D 
Act of 2003 established the idea of NNI.

This chapter is an overview of the use of green NPs in various fields. 
Efforts have been made to have an in-depth overview of the utilization 
pattern and its potential benefits.

15.2  HISTORY OF NANOTECHNOLOGY

Richard Feynman, an American physicist and Nobel Laureate came up with 
“nanotechnology” in 1959. He gave a talk titled “There’s Plenty of Room 
at the Bottom” at the American Physical Society’s annual meeting at the 
California Institute of Technology. The underlined necessity of influencing 
and controlling things on a tiny scale in that lecture. He envisioned building 
a machine that could eventually build smaller machines down to the 
molecular level [39]. His predictions proved true, earning him the title of 
“Father of Modern NT” [59]. After 15 years, in a study published in 1974, 
Norio Taniguchi, a Japanese physicist, was the first to use and define NT 
[46]. After this, there was no looking back, and NT began to increase, and 
its potentials were applied to several disciplines for human benefits. NPs’ 
harmful effects on living systems were caused by their small size, vast 
surface area, and propensity to create reactive oxygen species (ROS) [164]. 
NPs cause inflammatory reactions [38] and induce fibrosis in the living 
system [82]. They also trigger oxidative stress and alter electrochemical 
function [140]. Moreover, NPs suspended in the air due to contamination 
also adversely affect health [49, 141]. Thus, to minimize the harmful effects 
of NPs synthesized through conventional methods, scientists resorted to 
alternative and eco-friendly ways to synthesize NPs. The creation of green 
technology is a significant accomplishment in the realm of NT. Green NT is 
a green technology that incorporates green chemistry and green engineering 
principles, with the term “green” referring to nanomaterials (NMs) derived 
from plants. The key benefits of green NT are enhanced energy efficiency, 
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less waste and greenhouse gas (GHG) emissions, and lower demand for 
non-renewable raw resources. Green NT provides a fantastic opportunity to 
prevent negative consequences before they arise [173]. These can be traced 
the history of green NT back to the National Nanotechnology Initiative 
(NNI) initiated by the United States of America under the leadership of Bill 
Clinton [55]. The NT R&D Act of 2003 established the idea of NNI [135]. 
The NNI had four goals, namely:

•	 Developing and expanding modern age NT R&D;
•	 Promoting the transformation of innovative technology into economic 

and public goods;
•	 Developing and maintaining educational materials and strengthening 

the framework and equipment needed to progress NT;
•	 Boosting the growth of NT in a responsible manner [71].

The fourth goal is ‘sustained’ via green NT by reducing or eliminating 
harmful substances generated during the synthesis of NMs [71]. Presently 
green NPs are synthesized using both plants and microbes. A first-time 
observation by Beveridge and Murray in the 1980s related to the use of AuCl3 
solution to suspend unfixed Bacillus subtilis cell wall. It can observe that 
Au NP was deposited extracellularly on the wall surface [42]. Pseudomonas 
stutzeri AG259, for the first time, was found to produce Ag NPs due to its 
reductive potential [129]. Another investigation states that Pseudomonas 
aeruginosa can generate a range of NPs intracellularly [159]. One of the 
first reports of fungus synthesizing Au NP was through Verticillium sp. [48]. 
Synthesis of palladium NPs was observed in Chlorella Vulgaris for the first 
time [11]. Gardea-research Torresdey’s group initially reported Ag and Au 
NPs at the University of Texas at El Paso in the early 2000s by using the 
Medicago sativa plant. It offered up new and exciting possibilities for NP 
fabrication. In the developing field of nanobiotechnology, their work revealed 
a link between materials science and biotechnology [125]. In a more recent 
study, the potential of Salvia Spinosa to produce Ag NPs was reported [123]. 
Presently there has been an increase in awareness of green NPs, and their 
uses are increasing in several industries.

15.3  GREEN MANUFACTURING PROCESSES FOR BIO-
NANOPARTICULATE MATTERS

The compelling reason behind the production of green nanomolecules is 
that these are both energy-saving and economical techniques considering 
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the crucial circumstances of sustainable development. This technology also 
reduces the production of pernicious waste materials, which will safeguard 
our atmosphere rather than ecosystems. The green NPs are extracted from 
natural sources like plant extracts, algae, bacteria, fungi, yeast, and viruses. 
Here, we are discussing mainly how plant materials are used to manufacture 
green NPs. Plants are a rich source of phytochemicals, biopolymers, proteins, 
nano-cellulose, reducing agents, and metals along with their compounds 
which can draw out from disparate anatomical fragments like a few somatic 
and reproductive areas from the plant body and even by utilizing the whole 
individual.

The entire plant body of aquatic weed Salvinia molesta is used to retract 
the Au NP. After accumulating a specific amount of this particular freshwater 
hydrophyte, the undamaged, developed, and healthy aerial and submerged 
portions of the plant were taken, cleaned properly in normal water, and 
sterilized using saline water. The samples are dried at 105°C before taking 
their weight. About 1 gm of plant material is taken with 100 ml distilled 
water to boil for 5 minutes [2]. The filtration is done with Whatman no. 42 
filter paper and is kept for refrigeration at 4°C [43–45]. The competence 
of the solution is retained for up to 3 days, and it can analyze through 
Reconnoitery experiments. The analytical reagent grade Chloroauric acid 
(HAuCl4) is used to prepare a 10–3 M aqueous Au solution. The brown 
bottles are appropriate to store the produced Au NPs by wrapping them in. 
It needs to be veneered with dark paper. Characterizing of those Au NPs 
is done through various processes like UV-Visible Spectroscopy, studies of 
Fourier Transform Infrared Spectroscopy (FTIR), Energy Dispersive X-Ray 
(EDAX), Selected Area Electron Diffraction (SAED), and Scanning electron 
microscopy (SEM) or Transmission electron microscopy (TEM) [1]. Pistia 
stratiotes also aim for Au NPs extraction in the same way as it has been done 
from Salvinia molesta [9].

Ag-NPs can be synthesized from Eichhornia crassipes (presently the 
most troublesome aquatic weed). Those particles are both the reductant and 
coating agent within an aqueous medium. Differences in their efficiency are 
also observed according to the NP’s variation in its optical and morphological 
properties [102]. The ultraviolet radiation promotes the percentage of chemical 
reactions combining the Ag molecules and the leaf essence of E. crassipess. 
At the same time, the Plasmon vibrations excite the solution showing color 
variation in various shades of yellow during a concise time duration of 5 
minutes only. The NPs are validated by using UV-visible spectroscopy, TEM, 
X-ray diffraction (XRD) spectrometry, and Energy Dispersive X-ray (EDX) 
[64]. AuNPs also be drawn out from this invasive species.
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The seeds of Salvia Spinosa were taken and sprouted in in-vitro conditions 
to get Ag-NPs [123], Pelargonium graveolens, Salvia officinalis, Lippia 
citriodora, and others can also be used for AuNPs squeezing [36], Eucalyptus 
macrocarpa. Psidium guajava, Terminalia catappa, and others [173]. Some 
plants like cashew nut, neem [17, 19, 40, 87], Aloe vera [173], etc., also 
provide bimetallic NPs (Au-Ag).

Unconventional approaches like water and supercritical carbon dioxide 
are explored as the substituted reaction media of organic solvents [162, 
163]. “Hydrothermal approach” is the most approved technique among [91]. 
The warmed and excited green chemical kinetics are also investigated for 
elevating nano-molecules and plating critical articles [3]. Moreover, the 
absorbed sunshine [175], microwave power is also utilized to manufacture 
NPs [111]. There are some biosynthesis techniques are mentioned below.

15.3.1  MICRO-EMULSION TECHNIQUE

It is a resourceful procedure as it helps to manage particle’s different char-
acteristics like its expanse, shape, architecture, and consistency [58, 122] by 
providing variation in its occurrence like water-in-oil (W/O), bicontinuous 
structure, sponge phase, and through various dispersed phase emulsions 
[94]. Two main models are focused on their working principle: i) LaMer 
diagram and ii) the thermodynamic stabilization of the particles [81]. It 
can also induce various types of NPs like metals, metal oxides (MO), iron 
oxide (Fe2O3.FeO), colloidal silver chloride (AgCl), nanocrystalline titanium 
dioxide (TiO2), aluminum oxide (Al2O3), and many others by using this 
method [12, 14, 21, 57, 83, 183].

15.3.2  ADDITIVE MANUFACTURING METHOD

These 3D printing techniques are more advantageous in terms of time 
efficiency, requirements, money-saving, and acquiescence, using for 
fabrication and biomedical industry at a greater magnitude during recent 
times [172]. A practical model can even mitigate the expenditure, pollution, 
and energy by 170–593 billion US dollars, 130.5–525.5 metric tons, and 
2.54–9.30 joule respectively, within 2025 [47]. Discrete practices are 
involved within this technique as per requisite or for which purpose it is 
used. The advanced 3D nano-plasmonic architectures’ peer-group printing 
deploys the spatial nanometer resolution through electron-stimulated 
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responses within the direct-write fabrication of 3D metallic nano-designs 
while the tissue engineering is applying 2-photon-based nanofabrication 
process with self-restrained electrospinning [79].

15.3.3  NANOSUSPENSION METHOD

Many botanical medicines show its limitation regarding molecular mobility, 
assimilation rate, water solubility, and lesser in vivo capacity. Nanosuspension 
is an excellent applied method to solve this problematic issue of herbal drug 
production and delivery system [66]. The sonification is done to solvate the 
prepared plant solution like seeds of Coriandrum sativum (2.5 g) with the 
acetone and ethanol mixture (15 ml) at 3:1 proportion only for 60 seconds, 
followed by administering that mixture to different polyvinyl alcohol 
solutions. The produced NPs are finally kept cool to –18°C, and the lyophilizer 
is operated to make the desired one into dry dust [100].

In addition to that, other ways such as Rotary-evaporated film ultra-
sonication method, Ionic Gelation method, Emulsion Solvent Evaporation, 
Dialysis method, Rapid prototyping, Sol-Gel technology, etc., and sometimes 
an integrated approach are also used to generate the green NPs. We need to 
concentrate on supplemental turning out of these particles during a short 
time and with profitable strategies.

15.4  USE OF NANOPARTICLES IN VARIOUS DOMAINS

15.4.1  AGRICULTURE

Currently, agriculture is dealing with some significant challenges, standing 
out to be an intervening factor for this sector. Drastic climate changes decrease 
soil fertility, macro and micronutrient deficiency, and excessive usage of 
fertilizers and pesticides.

In this scenario, Green NT has an immense role in uplifting the present 
agricultural systems [4]. NPs have varied applications in the field of agri-
culture, namely pesticides delivery [113], delivery of nutrients [72], biofer-
tilizer formulation [146], supplying genetic materials for crop improvement 
[177], and plant disease management [178]. The declining awareness of the 
farmers and overuse of chemicals is taking hard on Agriculture Industry. 
The commonly used NPs used here include Ag, nano-aluminosilicates [34], 
Titanium oxide [92], and CNM [108].
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The use of nanopesticides has inconspicuously increased crop produc-
tivity [130]. A stable nano-pesticides-Biofenthrin using polymer stabilizers 
like polyvinyl pyrrolidone, polyvinyl alcohol, and polyacrylic acid, has been 
successfully formulated [88]. Nanosilica is obtained from various shell walls 
of diatoms [99] which can be potentially treated as pesticide [37].

NPs for disease management with specific antimicrobial properties 
prevent microbial infestations. To name a few, cobalt and nickel ferrites [148], 
Cu NPs exhibit strong anti-fungal properties [63]. Chitosan NPs, Zinc oxide 
(ZnO), and silica are quite effective against the viral diseases-Mosaic virus for 
Tobacco, Potato, and Alfalfa [165]. NT is also coming up with a good enhance-
ment in the field of Agriculture with nano-fertilizers. Nano-fertilizers are 
made from different plant parts encapsulated with NM [158]. Different forms 
of nano-fertilizers are available in the form of Nitrogen(N), Phosphorus(P), 
Calcium(Ca), Magnesium(Mg), and Potassium(K), Manganese(Mn), etc. 
[19]. Bio fertilizers-based nano-fertilizers are equally effective for crop 
development programs as they positively interact with microbes and organic 
compounds, making the latter bioavailable to plants [143]. In one such study, 
the effects of PGPR containing nano-biofertilizers towards fatal fungal and 
bacterial pathogens within the rhizosphere of the leguminous crops [61].

Nanobiotechnology has also revolutionized the field of seed technology. 
Seed quality is a significantly measurable attribute of Agriculture, and it 
comprises the entire genetic complement of the crop. Studies from recent 
literature have shown that NPs have increased germination, vigor, and 
quality of seeds like groundnut, onion, lettuce, spinach, tomato, etc. For 
faster germination, CNTs penetrate more deep seed layers and support water 
up taken by them [151].

Nano-biosensors are another domain of NT that has revolutionized 
farming systems to a great extent. NPs like Au, Ag, Si, Pt are commonly used 
as biosensors [29, 30]. Fluorescent Silica NPs associated with antibodies can 
identify the presence of plant pathogens like Xanthomonas axonopodis pv. 
Vesicatoria [139]. Au NPs can be used to detect hidden infection of brown 
rot of potato [131]. Besides the application of nano-biosensors, nanobiotech-
nology has a conspicuous role in the field of Agriculture. Nanobiotechnology 
is amalgamating molecular and cell biology leading to the development of 
outstanding crop varieties [74]. To revolutionize sustainable Agriculture 
NT, we need to prioritize the aspect of controlled green synthesis of NPs, 
the interaction of NPs with the plant system, and its adverse side effects on 
different environmental conditions [32]. Focusing on the right policies for 
developing a sustainable Agri-nanotechnology is of utmost priority, which 
includes the formulation of specific guidelines by the Food Safety and 
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Standards Authority, collaborative research for developing a better research 
system, proper evaluation for biosafety of NPs, and most importantly, 
educating farmers about this novel strategy.

15.4.2  FABRICS

The textile industry has a high dependency resource rate globally as it 
exploits considerable amounts of energy, water, and various hazardous 
chemicals. The current situation has induced some issues regarding the 
sustainability of textiles due to major answerability on the environment. So, 
researchers have come up with the best possible alternative for the long-term 
sustenance of the textile industry. Currently, green chemistry has emerged as 
an effective tool for keeping this industry sustainable. Green chemistry has 
exceptionally contributed to the development of alternative biodegradable 
chemicals which can be used as washing and wetting agents. Out of several 
NP synthesis techniques, the green synthesis technique stands out to be most 
effective in controlling particle size and morphology.

In comparison to other conventional techniques, this technique is rela-
tively amicable. Papaya peel-derived Ag NPs pose a practical example in 
developing fabrics due to their potential antibacterial activity [30]. The 
remarkable deceleration in reaction time with fruit peel extract led to signifi-
cant results that have enabled NP biosynthesis to give a tough competition 
with any other strategies for forming NPs that are more reproducible [149]. 
According to a recent study, biosynthesized Ag NPs from Acalypha indica 
leaf extract were coated over cotton fabric [51]. Besides, the Ag NPs coated 
cotton fabric flaunted significant antimicrobial activities [52]. Amongst 
the different metal oxide NPs used in textile finishing, silver oxide (Ag2O) 
has speculated more sustenance, especially for outstanding antimicrobial 
properties. Papaya peel-derived Ag NPs, have been amalgamated into fabric 
processing, and the manufacturers are providing textiles free from ruination 
by microbes [5]. These once again proves an extraordinary green revolution 
in NT for a better textile industry tomorrow.

15.4.3  COSMETICS

Cosmeceuticals are now the fastest-growing ancillary of the personal care 
industry with promising economic growth-besides, immense benefits of 
NPs. The two most crucial tools – liposomes [127] and niosomes [25] 
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play the roles of delivery vehicles in the cosmetic industry. Structures like 
solid lipid NPs and nanostructured lipid carriers have proven superior to 
liposomes [150]. Moreover, nanostructured lipid carriers are prospective as 
next-generation cosmetic delivery agents that can enhance skin hydration, 
bioavailability, and biostability of the agent and occlusion in a more controlled 
manner [109, 120]. Nanocrystals and nanoemulsions are also pioneers in 
the cosmetic industry [176]. Dendrimers which are nanosized and radially 
symmetric molecules with a homogeneous structure continues to be one of 
the vital necessities of cosmeceuticals. Several patents have been filed for 
the same [1, 18]. ZnO NPs – a major constituent of all sunscreens block 
ultraviolet rays minimizing the white coating on the skin [157]. Ivy plants 
generate most of the NPs used in sunscreens. Based on current research 
surveys, ivy NPs are more effective than oxide NPs in preventing ultraviolet 
rays [179]. All skin creams utilize proteins from stem cells to inculcate anti-
aging properties [157]. These proteins are coated with liposome NPs which 
merge with the skin membrane, thereby allowing delivery of the proteins. 
Skincare lotions are just an amalgamation of nutrients condensed in NPs 
in liquid suspension, leading to nanoemulsion formation. The smaller size 
of NPs allows the better penetration into the skin [73] when compared to 
particles in conventional emulsions, thereby enriching the skin layer with 
maximum nutrients.

15.4.4  WATER POLLUTION MANAGEMENT

In the present scenario, water quality and water availability have been found 
as one of the main obstacles that the human race is confronting. Water 
contamination is caused by various factors, including discarding of garbage, 
oil spillages, see page of different fertilizers, weedicides, insecticides, manu-
facturing spin-offs, fossil fuels extraction, and burning [80]. In this circum-
stance, NT presents an eclectic array of abilities and technologies to enhance 
the attribute of prevailing environs [136]. NT possesses three critical uses in 
the spheres of natural environs [182], such as (Figure 15.1):

•	 Remediation and decontamination of polluted substances;
•	 Perceiving and recognition of contamination; and
•	 Preclusion of contaminations.

NMs possess more excellent responsiveness, capability, and a perceptive-
ness for heavy metals and other impurities. The reason for utilizing NMs is the 
elevated receptiveness, heftier exterior interaction, and enhanced clearance 



Green Nanotechnology: The Novel and Emerging Strategy 	 427

ability. Several NMs have been used to treat water pollutants [183], such as 
CNTs, biopolymers, zerovalent iron (ZVI), self-assembled monolayers, etc.

FIGURE 15.1  Key uses of NT in water pollution control.

The pumping and treating approach were applied to mitigate water 
pollutants till 1998. An alternative approach to mitigate water is through 
applying a permeable reactive barrier (PRB). It cleanses sub-surface 
groundwater. In addition to that, it mitigates devoid of the necessity to bring 
in the water towards the surface. PRBs are utilized to cleanse contaminants, 
for instance, chlorinated hydrocarbons (HCs), aromatic N2 compounds, 
Polychlorinated biphenyls (PCBs), insecticides, and chromates [183]. The 
use of PCBs is costly. But it observed that some ZVI, i.e., zerovalent metals 
such as Fe, purported to be a filtering substance of PBR, can manage or 
ease hazardous toxins present in the water in massive amounts [70]. The 
tiny unit size establishes nano-Fe, which is proficient in multipurpose usage 
intended for remedial reasons. Usage of nano-iron along with the PRBs has 
been shown efficient. Other metals like Zn might replace Nano-iron, and Sn 
can lessen impurities like Fe. Even two metal alloys, i.e., Fe and FeNi–Cu 
are engaged to vitiate C2HCl3 (Trichloroethene) [115].
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Ferritin, a Fe-containing protein that is present in plants and animals. It can 
convert Fe atoms into ferrihydrite NPs. In visible daylight or solar radiation, 
ferritins can reduce toxic metals and chlorocarbons [124]. There are countless 
other examples of NT applications in water treatment in addition to the methods 
illustrated before., such as Self-Assembled Monolayers on Mesoporous Silica, 
dendrimers (SAMMS), Single Nanoparticle Enzymes (SEN), etc. [183].

In Recent Times, Green, and biologically synthesized NPs have been 
reconnoitered for sewage remediations, treatment works, etc., accompanied 
by other water decontamination tools to diminish or eradicate the hazardous 
tainted components present in water reserves [155]. However, the magnitude 
of regulations, steadiness, accretion, and alleviation are yet regarded as 
constant encounters for commercial usages of biogenic NPs in alleviating 
overflows of water contaminants. There are three nanocomponents such 
as (1) nano-adsorbents, (2) nano-catalysts, and (3) nano-films which are 
playing essential roles in exclusions of heavy metals [170] along with the 
dilapidation of organic, inorganic, radioactive, and therapeutic contaminants, 
nitrogen compounds), nitrate (NO3

–), Phosphate (PO4), and other hazardous 
dyes [10, 11, 85, 181].

15.4.5  WASTE MATERIAL MANAGEMENT

Wastewater is the spinoff of various water utilities such as domestic utilizes, 
such as bathing, cleaning utensils, washing clothes, and cleaning out the toilet. 
In addition, water coming out from the industries is also regarded as waste-
water treatment. Although developed drainage systems were well before the 
18th century, wastewater disposal is a relatively new activity. Wastewater or 
sewage treatment is the procedure and skill applied to eliminate many of the 
impurities to make sure sturdy environs that help suitable civic wellbeing [8]. 
Controlling wastewater involves managing wastewater to keep the environs 
safe for the public’s monetary, societal, political comprehensiveness, and 
healthiness [96].

Nowadays, NT is considered a critical practice to treat wastewater 
to detect and exclude several contaminants [12]. The usage of NT in 
managing wastewater is achieving impetus worldwide due to the exclusive 
characteristics of NMs and higher congeniality amongst the accessible 
typical treatment processes for treating wastewaters [107]. Different nano-
technological approaches like photo-catalysis, nano-filtration, adsorption, 
and oxidation of electro-chemicals encompass different various technical 
domains (Figure 15.2).
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FIGURE 15.2  Different components of green nanoparticles used in waste material management.

NPs are utilized as adsorbents, nanosized zerovalent ions, or nano-
filtration membranes, causing the amputation of pollutants from wastewater 
[114]. While NPs used as catalysts for oxidation of photo-chemical results in 
the obliteration of impurities present. Nanoscale materials are utilized to treat 
wastewater. Nanoscale materials consist of four classes [168]: dendrimers, 
metal-containing NPs, zeolites, and carbonaceous NMs.

Nanotechnology also uses dendrite polymer materials in wastewater treat-
ment and purification. Dendrite polymers comprise random hyperbranched 
polymers, dendrigraft polymers, dendrons as well as dendrimers [41]. 
Dendrimers vary in shapes and size ranges 2–20 nm [171]. It has been observed 
that dendrons with a multi-functional mainstay form a dendrimer structure. 
Dendron-enhanced ultrafiltration techniques having poly-amido-amine 
Dendrimers combining with Ethylene Diamine (present as core molecules) 
and amine (NH2) group’s (at the terminal end) can produce Cu++, which reduces 
toxic components of wastewater [31, 32]. Ag-NPs show elevated antimicrobial 
activity [168].

NPs of oxides of metals, namely TiO2, ZnO, and cerium dioxide (CeO2), 
which possess greater reactivity and photolytic properties than others, can 
cause the purification of wastewater [75]. Magnesium and Magnesium oxide 
(MgO) NPs are inhibitory to Gram-positive and Gram-negative bacteria 
[161]. Pd/Fe3O4 nano-catalysts have also been observed to treat wastewater 
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processes [56]. Zeolites are utilized to remove heavy metals present in 
wastewater like – Cr3+, Ni2+, Zn2+, Cu2+, and Cd2+ from the wastewaters [7]. 
Carbon NPs, nanotubes, nano-diamonds, and nanowires are act as sorbents 
and possess higher capability and specificity, intended for organic solutes 
present in the wastewater. They are steady, having inadequate receptiveness 
used as potent antioxidants [171].

15.4.6  MEDICAL TRENDS

It is essential to be explored more to protect human life from undesirable 
health-related disorders. Green NT ensures greater feasibilities in the 
medical field, significantly influencing the drug delivery system (DDS) and 
surgery-associated affairs. Including all the green NPs, the Ag and Au NPs 
are explored chiefly yet. Despite an emerging area, the boon of NT assists our 
medical system in several realistic ways. Massive investigations are going 
on for variegated algal, plants, and bacterial species. We can extract copious 
NPs showing antimicrobial properties and can be used for other medical 
purposes. It should be anticipated that different sources for varying NPs 
gaining and those NPs are essential to fight against diseases. So, biodiversity-
rich countries like India, Brazil, Mexico, and others should invest more to 
invent convenient NPs which will be availed for the betterment of human 
civilization. The nano-material and nano-devices are currently employed at 
a noteworthy scale in nano-medicinal trends, which are presently [86] by 
dividing into distinct groups from first to fourth generation nanosystems. 
The last generation’s achievements have paved the path of human organs 
renewal [93]. Even though the procedure is overpriced and tedious, the 
newly invented nano-drug molecules help to increase the shelf life, perme-
ability, and mitigate the virulence [26]. Ag-NPs and Au NPs are also used in 
gene delivery systems [91]. The versatility, like recognition, distribution of 
well-planned remedy, etc., is the principal focus of these types of nano-drug 
delivery systems [84, 132, 134, 180]. The impenetrable anti-cancerous drug 
Sorafenib can be used via nano-carriers [166].

The newly advanced cartilage adjustment nano-materials like stainless 
steel, bioactive bone cement, titanium alloy, calcium phosphate apatite, etc., 
are more biocompatible, contributing to better chances for limb implanta-
tions [86], and those can even be handled particulars from outside via the 
internet or exterior operators [116].

The assemblage of more particles diagnoses the tumor site, while 
magnetically operating diatom frustules also facilitate the transportation of 
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tiny anti-cancerous particles. Frustule modifications with different natural 
and inert bio granules ameliorate its service by making it an advanced nano-
structured appliance. Nano-carriers such as obtained from diatoms help to 
reach most of the target site within the affected area of the human body, 
automatically reducing the chemical dosages [166]. It (Au nanoshells) can 
destroy tumors gradually through chemotherapy. The PH-specific NPs are 
more effective for that kind of treatment. Platinum NPs are also taken to cure 
cancer in various parts of the human body [121]. Au NPs and Ag NPs from 
pollen solution of Phoenix dactylifera create good impacts for MCF-7 type 
of cancer in the mammary gland treatment by destructing units related with 
the apoptosis and triggering the disease all over the body [15] while Nostoc 
and Anabaena sp. Colonies’ extracted Ag NPs are used as anti-cancerous 
agent [20]. The human infected cells of Leukemia (lymphoblastic Leukemia 
mainly) can be obstructed by applying those Ag NPs [137]. Desertifilum 
sp. also permits Ag NPs to inhibit a higher level of different colon, liver, 
and breast cancer cell lines propagation at competent concentrations 
[54]. Un-uniformed shaped ZnO nanoparticles (ZnO NPs) from Ziziphus 
nummularia leaves (distilled portion) reduces the possibility of cervical 
cancer at the rate of more than 50% [117] and the combination of 80 µg ml–1 
including large granular lymphocytic cells of murine in ZnO NPs of Laurus 
nobilis leaves check the spreading of the mutant cancerous cells [174].

In addition to cancer, DDS is also concentrated to cure nerve diseases 
such as Alzheimer’s, etc., primarily Human Immuno-deficiency Virus (HIV) 
infection [93]. Discrete metallic and its oxides NPs are like iron oxide (Fe2O3.
FeO), ZnO, platinum (Pt), Cu, etc., from plant materials are popular in DDS 
[112]. The antimicrobial activity of copper oxide NPs is used both as a 
surface disinfectant and injury bandage [53]. The dopamine-modeled Fe2O3.
FeO NPs from diatoms lead to a far better drug carriage system, including 
around 22 weight percentage drugs stacking potentiality and safer for drugs 
more than two weeks [90]. AuNPs from Lippia citriodora, Salvia officinalis, 
and others serve as equalization and reducing mediums [36] and carry 
antibiotics [144]. The combined particles of ZnO NPs from Anabaena sp. 
with shinorine work as innocuous sunscreen service [54]. A more significant 
antioxidant influence than other nutritious phytochemicals like citric acid is 
found from the Au NPs of freshwater algae – Phormidium sp. Furthermore, 
green Au NPs from Phormidium sp. and Coelastrella sp. are applied for 
bio-labeling and detecting deoxyribonucleic acid (DNA) [106]. Establishing 
the electro-ballistic hydrogen peroxide (H2O2) biosensors by glassy carbon 
electrode requires zinc nanoparticles (Zn NPs) as observed from Corymbia 
citriodora [184].
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Ag-NPs from the water hyacinth stalk and Synechococcus sp. offer anti-
microbial activities against a few gram-positive and negative bacteria like 
Staphylococcus aureus, Pseudomonas fluorescens, E. coli, etc. [167]. Those 
NPs hinder the membrane penetration, cellular respiration by allocating 
sulfur protein, dispersing the electrochemical procedure of ATP synthesis, 
and fracturing the outer cell wall membrane [50, 89, 103].

The antimicrobial activities denote those highly responsive components 
with a greater surface area, allowing them to bind more with the bacterial 
surface receptors by their ligands [28].

Au NPs from Euphorbia hirta and Annona muricata have antibacte-
rial characteristics, while Ag NPs from Jasminum auriculatum [13] and 
Melia azedarach leaves [69] behave as antifungal agents. It can also treat 
dermatological lesions, inflamed injuries, blisters with Ag NPs within a 
lesser duration, and layering the contact eye lenses. Moreover, Ag NPs have 
immense power to balance the shear bonds, making them appropriate for 
use in both dental and orthopedic transplantation [110]. A diabetic sufferer 
would get a remedy with strong microbicidal effects of Ag NPs of Anabaena 
sp. It performs against some drug-resistant micro-organisms like Klebsiella 
pneumonia, etc. [154]. The existence of phytochemicals like amino acids, 
flavonoids, etc., of Zn NPs from the liquid solution of Barleria gibsoni leaves 
offers reducing and defensive methods [147]. It can even treat the unhealed 
ulcers with Strychnos nux-vomica’s Zn NPs due to its excessive restorative 
feature giving decreased immunosuppressive responses [160].

The remedy for DNA and other cellular damages can do customized drug 
therapy with the help of somewhat lengthy but advanced green NT. Nanoro-
bots are already invented, and these can be used in different surgeries that 
would be without any scars within the body and 1,000 times more accurate 
than the present serrated scalpel [6].

Few common plants’ leaves like Rosa Officinalis, Cynodon dactylon, 
Azadirachta indica, etc., are used to yield non-contaminating, money, and 
power-saving, and somewhat pure green CNTs [169]. Those are advantageous 
for their greater capacity of drug uptake, higher conductivity, and lightweight. 
It shows lower side effects after chemotherapy and can distinguish between 
normal and malignant cells. An undeviating mechanism for hitting the target 
site in the mammalian cells during the treatment gives a well-advised recovery 
through cytoplasmic transportation of the payload [78, 105]. The blood-brain 
barriers always block the path by which the drug can reach out to the tumors, 
but CNTs can go there and heal it [16]. The CNT is a convenient option for 
applying the drug for cancer treatments (drug delivery) in lymphatic organs. 
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Hence, it can assume that the empirical approach of green NT will gradually 
design a revolutionary era in medical history.

15.5  CHALLENGES

The classical designs are trying to substitute with the additive processes 
for green NPs manipulations. Additive manufacturing is restricted to its 
small range of few polymers and metal powders only. The labyrinthine 
plan of action of that green biogenesis creates it incurious [68]. Inconsistent 
Ph, temperature, reducing agents, reagents’ concentration, reaction, and 
incubation time are followed according to the material and architectural 
configuration of NPs. For example, Ag nano-molecules can be found at room 
temperature from Myristica fragans fruit pericarp while Au NPs demand 
90°C, coerced from the same organ of Terminalia berillica. In addition, 
leaves are the only benign source for NPs extraction as it does not affect 
any plant as much as after removing any other body parts like roots, fruits, 
etc. [23]. Lack of knowledge is another primary concern. It cannot utilize 
the end products solely. Many high-priced and harmful products require to 
obtain the particles, and the target for cost efficiency cannot be achieved 
[172]. It cannot also be judged the harmful impacts of few NPs still now. 
The unpleasant consequences are there when the nano-herbicides, pesticides, 
or fertilizers are applied. Apoptosis, stress sensitivity, and different physi-
ological metabolisms are disrupted in Asian Rice plants by Au NPs and Ag 
NPs [98]. Much better communication and understanding have to be shared 
among researchers, administrators, industries, and workers to replete the gap 
area regarding those disadvantages [173]. It is an emerging area on a global 
scale, so a lot more investigations are necessitated for transversing and 
aiming this area expertly. Moreover, there is a lack of proper infrastructure 
and laboratories for the experiment as it is still mainly in the demonstrative 
phase. The training purposes demand few expenses too, including some 
wastage due to uncertainty in its knowledge [65].

15.6  FUTURE PROSPECTS

Green NT can be crowned as the significant Industrial Revolution that 
supports sustainable solutions to varied Global issues [119, 126]. The 
primary consideration that makes NT a promising future is utilizing the least 
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energy and most minor use of toxic compounds. Many innovations so far in 
this field have proved to be of great importance for the future. Besides, these 
discoveries indeed impose a positive impact on the global economy.

Some well-developed innovations include greener cars where the vehicles 
can run on non-fossil fuel energy instead of hydrogen fuel. Even there can 
be prospects of consuming fossil fuels by using nanocomposites (NCs), 
and also tire innovation can be made using different NMs. Green NT can 
promise a better future for the paper and packaging industry where cellulose 
can be involved in paper production. The use of nanotubes for transport and 
electronic applications has become an essential requirement of today and 
will be a necessary tool in the future as they bear high strength, low weight, 
low density, and are cost-effective [185].

Green NT opens another door of a globally important concept called 
“Green Economic” that is highly dependent on sustainable development. The 
conceptualization of the Green Economy has been established by the United 
Nations Environment Program (UNEP). This new concept of the green 
economy is expected to improve human wellbeing. The Green economy can 
play a significant role in changing society on a Global platform keeping 
Environment and Economy as two interfaces. At this juncture, Green NT has 
an influential role in assembling the precise functioning of NT, plant science, 
and chemistry and coming up with revolutionized products for mankind.

15.7  SUMMARY

The human population is taking a peak globally, and as a consequence, it 
is impacting our sustainable resources. In this scenario, Green NT has a 
crucial role to play as it can envisage sustainability. The principles of green 
chemistry influence the life cycle of nano-products, starting from design to 
disposal. It can be a novel strategy for humans and the environment that can 
revolutionize large-scale nano-synthesis procedures. The parameters on which 
green chemistry stands upon include reduced toxicity, biodegradable, and 
cost-effectiveness. It mainly aims to exploit the different properties of NMs. 
These solutions can reduce the renewable Energy source and improve power 
delivery systems to provide a better ecosystem and livelihood conditions. 
Green NT, an emerging technology, might meet particular challenges that 
include technical barriers, proper utilization of NMs, and regulatory policies 
for synthesis. The amalgamation of NT and green chemistry is gradually 
taking the right shape with technological advancements and can be considered 
a sustainable future of nano-synthesis. Undoubtedly, green nano-products 
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are based on clean energy applications. Moreover, the conjunction of plant 
sciences and NT has immense potential to evolve an attractive symbiosis 
between the green revolution and NT with realistic prospects. Thus, green NT 
should not refrain from providing only green solutions instead of adopting 
and adapting “green” in terms of overall human safety and healthcare. This 
tactful deliberation can magnify environmental and social wellbeing, health 
concerns, and cost savings, thereby maximizing the possibilities of future 
speculation and sustainability of this promising technological field.
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