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ABSTRACT 

Nanotechnology is a top priority research area in a plethora of technological and 

scientific fields due to its economic impact and versatile capability. Among 

various applications, water treatment is considered among the most prospective 

utilization of nanotechnology, where a large number of nanostructured materials 

can remediate water using several different mechanistic ways. For achieving 

this, nanomaterials can be combined and modified with active moieties to 

develop different nanocomposites with structural diversity and unique 

physicochemical attributes. In addition, they have also been designed and 

integrated into membranes for improving water treatment performance. In this 

review, we provide an up-to-date overview of various nanostructured materials 

as nanoadsorbents, such as carbon-based nanomaterials, nanocomposites, and 

nanomembranes for remediating pesticide-based pollutants from aqueous 

systems using CNTs. Notably, nanomaterials are capable of efficiently 

removing environmental pollutants given their substantial surface area, high 

absorptive ability, and excellent environmental selectivity and compatibility. 
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Introduction: Nanomaterials in water treatment 

Nanotechnology has become a useful emerging 

technology in the past few decades. Researchers 

have employed nanomaterials to remove pesticides, 

toxic metals, pharmaceutical contaminants, organic 

compounds, and some other types of pollutants 

from the aquatic ecosystem (Ahmaruzzaman, 

2019). Nanoadsorbents are nanoscale particles that 

are made up of inorganic or organic compounds 

and possess high power to adsorb substances on 

themselves. Nanoadsorbents possess certain 

characteristics due to which they can aggregate the 

pollutants with different sizes of molecules, 

hydrophobicity and these characteristics include 

small size, more numerous pores, and the active 

surface of nano adsorbents (Aguilar-Pérez et al., 

2020; Zeb et al., 2020; Aguilar-Pérez et al., 2021; 

Rasheed et al., 2021). They also make 

manufacturing plants to be capable of using raw 

materials without releasing their hazardous freight 

(Pacheco et al., 2006). They have considerable 

pollutant-binding capacities and work 

expeditiously. They can also be regenerated 

chemically after being impoverished (Yang and 

Xing, 2007). Due to their small size, nanomaterials 

show unique characteristics, such as they possess 

much surface area and a large surface-to-volume 

ratio (Hristovski et al., 2007). Such properties of 

nanomaterials, including carbon nanotubes (CNTs), 

metal organic frameworks (MOFs), nanohybrids, 

MXene; graphene, and metallic nanoparticles 

increase their applied potential in different sectors 

of the modern world (Bilal et al., 2020; Zhao et al., 

2021; Zhang et al., 2021; Gan et al., 2022). 

Properties like catalytic potential and high 

reactivity of nanoparticles improve their adsorption 

capacity as a result, they become good adsorbing 

materials than general materials. Due to the huge 

surface area, they possess numerous numbers of 

active sites to interact with various types of 

chemical species. So, nanoparticles are becoming 
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the best alternatives to eradicate the contamination 

from wastewater (Santhosh et al., 2016). In our 

ecosystem, water pollution has become one of the 

most hazardous issues due to many pollutants, 

including pesticides, endocrine disruptive 

estrogens, and others (Bilal et al., 2021; González-

González et al., 2022; Reyes-Calderón et al., 2022). 

Numerous methods such as floatation, flocculation, 

coagulation, electrochemical methods, precipitation 

of chemicals, adsorption, ion exchange, membrane 

filtration, etc., have been developed to remove 

these pollutants. 

Metal nanoparticles possess the property of 

localized surface plasmon resonance (LSPR). With 

the help of this characteristic, these metallic 

nanoparticles can detect a variety of analytes 

(Sabela et al., 2017); also because of this special 

feature the colloidal nanoparticles show a high 

coefficient of extinction due to which they show a 

range of different colors in the visible spectral 

region (Ullah et al., 2018). The properties of the 

nanoparticles depend upon their size and shape. In 

this technique the colloidal NP’s show color change 

with target particles. The most actively used 

nanoparticles for colorimetric detection are AuNPs 

and AgNPs. demonstrates the colorimetric 

detection mechanism using silver (AgNPs) and 

gold nanoparticles (AuNPs). In this process when 

the nanoparticles interact with the shift from well-

spaced colloidal to the accumulated one, which 

graphically detects the pesticides in the sample 

under study. the nanoparticles show specific color 

changes as the silver nanoparticles turn brown-red 

from yellow and, the gold nanoparticle solutions 

show color change from wine red to a dark blue. 

Furthermore, the quantitative analysis of the 

concentration of these pollutants is done by using a 

UV/VIS spectrophotometer, and DLS and TEM 

techniques are used for the authentication of the 

process of aggregation. The colorimetric technique 

is considered more sensitive because the 

nanoparticles interact with the target through 

donor-acceptor and ligand exchange reactions, also 

by covalent and hydrogen bonding (Singh et al., 

2020).  

Nanoadsorption attributes 

This is the simplest, easily manageable, 

inexpensive, and efficient method where a solid 

surface is used to adsorb the pesticides (Ali, 2012). 

The adsorption process depends upon surface 

morphology, sorbent’s dose, and size, sorbate’s 

structure, and concentration, temperature, and pH 

(Ali and Gupta, 2006). Many NPs are used as 

adsorbents such as nano zinc oxide, nano titanium 

oxide, and nanochitosans (Tan et al., 2015), which 

enhance the adsorption capacity and efficiency in 

removing the hazardous waste from water. The 

nano adsorbents are subdivided into two major 

categories, carbon-based and non-carbon 

derivatives nano adsorbents. The carbon-based 

nanomaterials like the carbon nanotubes, fullerenes, 

graphene, graphene oxides, and activated carbon 

are considered more efficient and eco-friendlier 

than the other nanoparticles which are metal oxides 

and metal-based adsorbents having no carbon. 

Benefits of carbon derived nanoadsorbants are that 

the activated carbon is easily available through the 

waste agricultural streams, and also through 

biomass sources. These NP’s are cheaper and can 

be used at the nanoscale in adsorption. These 

adsorbents have enhanced adsorption capacity and 

a high rate of adsorption. On the other hand, the 

non-carbon derived nano adsorbents (metals and 

metal oxides) require a long process for their 

production and they are more expensive and are not 

easily available. The adsorption system designed 

for pesticide mitigation deals with some important 

relationships between these pollutant’s residual 

concentrations in solution at equilibrium and 

adsorbed pollutant per unit weight of sorbent. To 

explain this relationship different models are 

proposed. The most important models proposed in 

this field for explaining the results of adsorption are 

Temkin, Langmuir, Hasley, BET, Dubinin- 

Radushkevich, Harkins-Jura model, Redlich- 

Peterson, Lagergren, and intraparticle diffusion 

(Hussain et al., 2021). These models also explain 

different thermodynamic parameters like Gibb’s 

free energy, heat of sublimation, and change in 

entropy. This method is considered as the simplest 

and the useful way which is also used to remove 

organic and inorganic pollutants in water as it 

requires low cost for working, efficient, and also 

versatile for a variety of water systems (Qu et al., 

2013). The nano-adsorbents have several qualities 

that’s why these particles enhance the efficiency of 

the adsorption system, some of these qualities areas 

(Wang et al., 2012), non-hazardous, infinite 

recyclability, desorbability, selectivity towards low 

concentrations, and high adsorption capacity. A 

large variety of nanocomposites like magnetic 

metal-organic composites, adsorbents made of 

carbon, and metal oxides are now being used for 

removing the great amount of co-existing organic 

and inorganic pollutants (Kyriakopoulos et al., 

2006). Carbon-based materials, metal oxide-based 

materials, nanocomposites, etc. are some of the 

types of nanomaterials that are employed to remove 

pesticides from wastewater. 

Carbon-based nanomaterials - multipurpose 

attributes 

Carbon-based nano adsorbents show thermal 

stability and proved themselves as excellent 

adsorbents to remove pesticides, inorganic and 

organic contaminants among various 
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nanomaterials-based adsorbents (Santhosh et al., 

2016). Since the invention of carbon nanotubes 

(CNTs) and fullerene, nanomaterials have 

considerably employed as many effective 

adsorbents as possible but their application on large 

is not on a wide range on economic grounds. So, it 

is a great challenge to design the adsorbents at a 

lower cost. Multi-walled carbon nanotubes proved 

their efficiency with the help of magnetic materials 

for the effective removal of various contaminants 

(Yang et al., 2006). 

Carbon nanotubes (CNTs): These are taken as 

many different structures as possible of carbon and 

one of the allotropes of carbon elements. These 

carbon nanotubes are made up of cylindrical shapes 

that roll up in tube form. CNTs are divided into two 

categories i.e., Single-walled CNTs (SWCNTs) and 

Multi-walled CNTs (MWCNTs). Single-walled 

CNTs consist of a single roll-up of graphene sheets 

while multi-walled carbon nanotubes consist of 

multiple roll-ups of graphene sheets (Mubarak et 

al., 2014; Santhosh et al., 2016), as shown in Figure 

1. CNTs contain the excellent capability of sorption 

and have high sorption efficiency than general 

activated carbon, which is in the granules or 

powdered form, that possess intrinsic limitations 

like an active site on the surface and have an 

activation energy of sorption (Santhosh et al., 

2016). It has been realized after studying vast, that 

capacity of adsorption of carbon nanotubes relies 

on two main things that are nature of sorbate that is 

being used and its surface functional group. For 

example, the quantity of carboxylic acid, phenolic 

acid, and lactonic acid on the surface favor 

adsorption of polar compounds (Wang et al., 2008), 

while un-functionalized carbon nanotubes like 

polycyclic aromatic compounds have excellent 

adsorption capacity to adsorb non-polar compounds 

(Stafiej and Pyrzynska, 2008). SWCNTs exhibit a 

strong attraction to adsorb many organic 

compounds as they have massive surface area. 

However, the high cost in the application of 

SWCNTs is a disadvantage in adsorption 

technologies. But as compared to SWCNTs, 

MWCNTs are low in cost but they have one 

disadvantage that they possess low adsorption 

capacity which decreases their potential 

applications. Scientists modified the multi-walled 

CNTs in such a way that they can modify the 

adsorption capacity of MWCNTs for a variety of 

organic compounds. MWCNTs can also improve 

by doing the selective functionalization process 

(Singh et al., 2018). 

 
Figure 1. Structural and characteristic 

representation of (a) SWCNTs and (b) MWCNTs. 
Created with BioRender.com and extracted under 

premium membership. 

The different types of contaminants such as 

pesticides can be removed from aqueous systems 

using CNTs as adsorbents (Chen et al., 2011; 

Taghizade Firozjaee et al., 2018). In the agricultural 

field, the most used organophosphorus pesticide is 

diazinon. It can easily reach the surface water and 

groundwater damaging the plant and animal 

biodiversity. The eradication of diazinon pesticides 

from water with the help of MWCNTs was studied. 

It was concluded from the study that diazinon 

pesticides can be efficiently removed from aqueous 

systems using MWCNTs as adsorbents (Dehghani 

et al., 2019). Using multiwalled carbon nanotubes, 

the removal of one of the other organophosphorus 

pesticides such as malathion from aqueous 

solutions has been studied. Various factors were 

kept in view while removing the maximum amount 

of malathion pesticides such as pH, temperature, 

time of contact, amount of nano adsorbent, and 

pesticide to get better results. It was shown that for 

the 100% removal of malathion, the concentrations 

of pesticide and malathion were 0.5 g/L and 6 

mg/L, respectively. The results of this experiment 

confirmed the 100% removal of malathion 

pesticides from water using optimized conditions 

(Dehghani et al., 2017). 

The eradication of dichlobenil and diuron from 

polluted water was reported using muti-walled 

carbon nanotubes. They followed the Polanyi 

Manes model and showed high adsorption on 

nanotubes at pH 6. The adsorption of both diuron 

and dichlobenil on the oxidized multi-walled 

carbon nano adsorbents from the water was studied. 

They showed the pseudo 2nd order kinetic model 

and also the Polanyi Manes model. The adsorption 

of these pesticides was high because of the large 

surface area and high pore volume of the oxidized 

MWCNTs (Deng et al., 2012). These modified 

nanotubes were used as solid-phase extraction nano 

adsorbents for the investigation of seventy-eight 

different residues of pesticides. These pesticides 

were then undergone detection through gas 

chromatography and mass spectrometry after 

extraction (Hou et al., 2014). The removal of 8 
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different types of organophosphorus pesticides 

from the water was investigated using MOF-ZIF-8/ 

magnetic MWCNTs. Based on adsorption 

isothermal models, the characterization and 

adsorption capacity of MWCNTs were noted (Liu 

et al., 2018). The extraction of carbamate pesticides 

with the help of carbon nanotubes modified with 

liquid ionic polymer by using the same type of 

extraction method (Hou et al., 2014). The carbon 

nanotubes were used as adsorbents for the removal 

of dicamba from water because it is acidic. The 

detection limit of dicamba was analyzed as 2 

micrograms per liter in river water in favorable 

conditions. The efficient detection of metasulfuran 

and chlorosulfuran in aqueous solutions was 

studied with the help of capillary electrophoresis 

and MWCNTs under optimized conditions 

(Springer and Lista, 2010). The SWCNTs were 

investigated to have high adsorption capacity as 

compared to MWCNTs and other nanosized metal 

oxides such as alumina, zinc oxide, and titanium 

oxide for methyl phenoxy acetic acid herbicide 

from the water. The results showed that the 

adsorption method was exothermic and fast and 

followed the pseudo 2nd order kinetic model (De 

Martino et al., 2012). Indeed, carbon nanotubes 

possess contain a high potential as efficient 

adsorbents for removing pesticides and other 

contaminants from an aquatic system, but their 

practical use is restricted due to their relatively high 

cost.  Chemically functionalized CNTs are not toxic 

but raw carbon nanotubes contain some toxicity 

because of the presence of a metal catalyst. 

Therefore, there is a need to do more research for a 

practical and economic solution for practicing 

carbon nanotubes in contaminated water treatment 

(Santhosh et al., 2016). 

Graphene-based nanomaterials: a unique 

allotropic form of carbon named graphene was 

examined by the researchers which can also be used 

for the removal of pesticides (Santhosh et al., 

2016). These graphene-based materials have 

brilliant electrical, mechanical, and thermal 

characteristics with excellent 2-D structures. It is 

made up of multi-layers of atomic carbon 

(Shahryari-ghoshekandi and Sadegh, 2014).  

Graphene-based materials are extensively used for 

the past few decades for the removal of pollutants 

from the environment. They possess many 

advanced properties which help in increasing the 

efficiency of the methods used for the purification 

of the ecosystem (Santhosh et al., 2016). Many 

researchers work on the oxides of graphite, as they 

are used as the cheap initiators for the production of 

nanomaterials based on graphene. Because of their 

unique character, these nanomaterials are used in 

different fields of science. The structure of their 

oxides highly resembles the layered structure of 

graphite. Both of them only differ in the carbon 

atom plane as there is the extreme saturation of 

groups containing oxygen atoms in the case of 

graphite oxides. Under normal ultra-sonication, 

these oxides exfoliate underwater. These sheets 

having one or a few more carbon atom layers will 

form graphene oxides. Nowadays, graphene and its 

oxides are considered more useful adsorbents for 

the removal of toxic contaminants from water 

(Kyzas and Bikiaris, 2015). 

The graphene-based adsorbents are considered the 

best treatment for wastewater and also the ideal 

replacement for CNT’s. Their use as an adsorbent 

provides many benefits as compared to CNTs (Rao 

et al., 2007; Stafiej and Pyrzynska, 2007; Zhao et 

al., 2014). The first advantage is that the graphene 

material with a single-layer structure specially 

designed for the adsorption in plants mainly 

consists of 2 basal planes. While on the contrary, 

the inner walls of CNTs are not accessible by the 

adsorbate.  Secondly, the graphene its oxides, and 

reduced oxides can be prepared easily through 

chemical exfoliation of graphite, even in the 

absence of any metal crystal and complicated 

apparatus. Resultantly, the graphene material that is 

formed has no catalytic wastes, and also this 

manufacturing step doesn’t need purifications 

(Zhao et al., 2011). Graphene oxides are used for 

the mitigation of the pesticides present in water. 

The adsorption of pesticides through graphene and 

its oxides has been studied. The results greatly 

explained the interactions between pesticides and 

graphene nanomaterials. The adsorption capacity of 

graphene ranges from 600-2000 mg/g against 

various pesticides. The eradication of assiduous 

halocarbon pesticides from aqueous systems was 

also studied (Sen Gupta et al., 2015). The 

adsorption of various pesticides is done through π- 

π bonding of graphene nanomaterials with aromatic 

compounds (Björk et al., 2010; Smith and 

Rodrigues, 2015). To enhance the adsorption 

capacity of pesticides, graphene nanomaterials can 

be combined with other different materials (Liu et 

al., 2013; Mahpishanian et al., 2015). The 

graphene-coated with silica can be used as an 

effective adsorbent to remove the residues of 

organophosphorus pesticides (Liu et al., 2013). By 

functionalizing magnetic graphene oxide with 

aminoguanidine, graphene-based nano adsorbents 

had been prepared for the effective removal of 

chlorpyrifos pesticide from agricultural 

contaminated water (Mahdavi et al., 2021). 

Similarly, another graphene-based adsorbent was 

synthesized by functionalizing it with magnetic 

NPs of iron oxide for the eradication of glyphosate 

(N- phosphonomethyl glycine) herbicide from the 

water. The adsorption capacity for glyphosate was 

noted to be 46.8 mg/g and followed pseudo 2nd 

order and Langmuir model (Santos et al., 2019). 

The composite materials are formed by the mixing 
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of the nanosheets of graphene and its oxides. The 

metal oxides and graphene oxide composites are 

unique and act as efficient adsorbents in the 

mitigation of pesticides. In summary, Figure 2 

shows carbon-based nano adsorbents to treat 

environmental pollunats of emerging concern.  

 
Figure 2. Carbon-based nano adsorbents to treat 

environmental pollunats of emerging concern. 
Created with BioRender.com and extracted under 

premium membership. 

Nanoparticles and nanocomposites 

The efficiency of nanoparticles in real wastewater 

treatment can be improved by permeating them into 

matrices particularly polymers to achieve 

nanocomposite adsorbents (Pan et al., 2009). 

Nanocomposite has their application in the wide 

sector including water purification. The removal of 

pesticides can be improved by modifying the 

magnetic properties of nanoparticles by using 

functionalized polymer (Bhaumik et al., 2011a). 

Polypyrrole-based nanocomposite has been widely 

used (Bai et al., 2015). To formulate a magnetic 

polypyrrole nanocomposite, it is coated onto Fe3O4. 

These magnetic materials can be easily separated 

by applying an external magnetic field and need no 

other additional process. Polypyrrole magnetic 

nanocomposite coated with Fe3O4 is described to 

act as an efficient adsorbent (Bhaumik et al., 

2011b). The researcher proposes a method for 

manufacturing cross-linked nanocomposite films of 

polyvinyl alcohol that are intermixed with 

functionalized multi-walled carbon nanotubes at 

varying concentrations. As multi-walled carbon 

nanotubes have some drawbacks such as poor 

surface chemistry, nonflexibility, poor water 

solubility, and their failure to form film composite 

by themselves, to overcome these limitations they 

are modified by mixing them with polyvinyl 

alcohol so that their applications in the environment 

can be enhanced and improved. So, after mixing, 

both form hydrophobic films which can capture 

pesticide, bacteria, and fungi from wastewater with 

good recyclability. 

It is reported that bentonites and their modified 

nanocomposites can efficiently remove inorganic 

pesticides from drinking water. They proved to be a 

better adsorbent as compared to existing 

commercial adsorbents in most cases.  As they are 

present in nature abundantly so it makes them low 

cost, green, non-toxic adsorbents so they can be 

widely employed for the mitigation of various 

pollutants and thus providing pure drinking water 

for developing and developed (Pandey, 2017). 

Nanosized tungsten (WOx) is a multifunctional 

material and has many structures such as nano-

plates, nanowires, hollow nano-spheres, 

hierarchical flowers and nano-discs (Zhang et al., 

2017). To eradicate pesticides from contaminated 

water, hierarchical porous ZnO-Al2O3 composites 

were used as adsorbents. The efficiency of the 

ZnO- Al2O3 composite depends on its composition 

and microstructure. These composites show higher 

adsorption performance as compared to pure ZnO 

and Al2O3. Hierarchically porous nickel-iron 

layered double hydroxide (NiFe-LDH) was also 

reported as an effective adsorbent. The researcher 

prepared the nanocomposite based on acrylic acid 

monomer and sodium alginate with varying 

concentrations of xonolite or calcite by irradiating 

with gamma rays. These nanocomposites were 

characterized by employing different techniques 

such as Scanning electron microscopy, transmission 

electron microscopy, thermogravimetric analysis, 

and Fourier transform infrared spectroscopy. The 

calcite and xololite were added to enhance the 

swelling capacity of hydrogel nanocomposite. This 

prepared nanocomposite was employed for the 

effective eradication of methomyl pesticides. The 

study reveals that the removal of methomyl by 

using the above nanocomposite is pH-dependent. 

The summary of various types of nanomaterials for 

the removal of pesticides is given in Table 1. 

Nanomaterials/ 

composites 
Pesticides  Adsorption/removal amount  References  

Iron oxide 

Organochlorine 

pesticides 

 

Adsorption capacity of; 

Lindane= 10.2 mg/g 

Aldrin= 24.7 mg/g 
Endrin= 33.5 mg/g 

Dieldrin= 21.3 mg/g 

Removed in less than 20 minutes  

(Rahmanifar and Dehaghi, 
2014) 

Zero valent metals(ZVI)s  

 

Imidacloprid and 

Thiamethoxam 

Removal efficiency more than 90% 

 
(Lopes et al., 2008) 

Titanium oxide  Dicofol Removed in 2 hours completely  (Yu et al., 2008) 

CNTs  Atrazine More than 90%  (Yan et al., 2008) 

Alumina  Fenitrothion, diazinon Removal capacity within 24 hours of (Armaghan and Amini, 
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  fenitrothion= 57% 
diazinon= 90% 

2012) 

ZnO 
Permethrin 

 

Almost 99% of pesticide is removed 

at neutral pH 
(Dehaghi et al., 2014) 

Iron oxide organophoposrous Almost 80% (Shen et al., 2007) 

Iron-palladium bimetal 

nanoparticle  

Organochlorine 

lindane 

Removed efficiently about 100 % in 

reduction method  
(Joo and Zhao, 2008) 

Alumina  

 

Dimethyl methyl-

phosphonate  
Adsorption capacity= 775 µg/g  (Mitchell et al., 2004) 

Iron metal  
Dichloro-diphenyl 

trichloroethane 
Completely degraded  

(El-Temsah and Joner, 

2012) 

Cu metal  Endosulfan Destroyed 100% in water  (Rani and Shanker, 2018) 

Titanium oxide 
 

Dichlorvos 
 

100 % eradicated  (Gomez et al., 2015) 

Copper oxide- chitosan  Malathion  Almost 99.9 % removed  (Rani and Shanker, 2018) 

Ti- Fe oxides  parathion methyl  approx. 70% (Henych et al., 2015) 

Iron- zeolite  Carbamate Completely removed  (Tomašević et al., 2010) 

Manganese oxide parathion methyl Degraded 90% in 2 hours  (Šťastný et al., 2016) 

Gold- titanium oxide  chloridazon In 30 minutes, 50% eliminated (Rani and Shanker, 2018) 

Table 1. Various nanomaterials used for the removal of toxic pesticides. 

Nanomembranes and filtration 

The methods of filtration nanomembranes (NMs) 

are also extremely efficient in removing pollution 

from water bodies including the mitigation of 

bioproducts, organic wastes, inorganic ions, and 

pesticides (Zhang et al., 2018). Nanofiltration is in 

demand as it includes the production of advanced 

nanofiltration membranes (NFMs) via layer-by-

layer modification, plasma treatment, photo 

grafting, and interfacial polymerization in 

coordination with the nanoparticles. These 

membranes can be divided into further categories 

depending upon the material used for their 

production. They may be organic like organic 

polymer-based nanomembranes. These are usually 

made up of synthetic polymers like 

polyamidoamine, polyacrilonitrle, polyethersulfone, 

and polyurethanes (Liu et al., 2014). Some of them 

are manufactured by using natural polymers like 

chitosan, and cellulose acetate. However, they can 

also be inorganic like graphene-based, zeolites, 

SiO2 nanomembranes (Pedrosa et al., 2019). Pre-

filtration and other post-treatments are required 

along with the treatment of drinking water with 

nanofiltration and nanomembranes., however, they 

are not used in routine for water treatment as are a 

bit expensive. Their efficacy depends upon their 

pore size, weight, polarity, hydrophobic and 

hydrophilic nature and types of components used in 

their preparation (Rivera-Utrilla et al., 2013), so, 

organic polymers are now integrated with the 

inorganic membranes to improve their functionality 

(Bonné et al., 2000; Tepuš et al., 2009).  

In a study on NFMs, four types of polyamides NMs 

were evaluated for the filtration of atrazine and 

dimethoate where both pesticides have been 

declared as the health concern by WHO. The best 

results were found for NF90 exhibiting a retention 

rate of 95% for atrazine and 85% for dimethoate 

(Ahmad et al., 2008). In another report, Nano-

filtration was employed to separate glyphosate from 

saline wastewater (Song et al., 2013). A thin film 

composite poly piperazine amide nanomembrane 

was synthesized and evaluated to check the effect 

of trimethylamine and results demonstrated that 

their addition enhanced the rejection of diazinon, 

and water permeability improved from 95.2% to 

98.8% (Karimi et al., 2016). In another study, 

controlled spherical ZrO2 NPs were employed to 

synthesize yttria-stabilized ZrO2 NFM efficiently 

fabricated with nanoparticles using reverse 

micelles-mediated sol-gel method to mitigate 

carbofuran from water with a proficient 

permeability of 3.9-4.2 L/m2/h for purified water, 

removal efficiency of 89% and reusability after 

alkali wash and low-temperature calcination (Qin et 

al., 2020). Two negatively charged organic NFMs 

(NF and OPMN-K) membranes were synthesized 

for the elimination of simazine, atrazine and diuron 

in humic acid presence where the outcome 

demonstrated that NF membrane provided more 

retention of pesticides in comparison with the 

OPMN-K membrane due to its smaller molecular 

cut-off (Saleh et al., 2020). Similarly, atrazine and 

simazine were evaluated for removal from different 

water samples such as river water, tap water and 

distilled water by nanofiltration by using four types 

of membranes where results showed that the 

rejection of atrazine in all cases was higher than 

simazine and was also higher in river water and tap 

water as compared to distilled water (Zhang et al., 

2004). In a prominent study, a thin film 

nanocomposite membrane holding oleic acid 

treated silica NPs was synthesized through 

polymerization on polysulfone asymmetric 

membrane for the mitigation of prometryn, 

propazine and atrazine from water sample. 

Rejection and water flux studies were performed 

what revealed that addition of modified SiO2 

increases water flux and provides the best rejection 

among all membranes. Prometryn having largest 

size had maximum rejection at 99% and propazine 
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had the lowest rejection (84.4–90.2%) due to higher 

dipole moment (Rakhshan and Pakizeh, 2015).  

Conclusions 

In summary, carbon nanotubes possess high 

hardness, mechanical and thermal stability, large 

surface area, corrosion resistance and high 

reactivity. Nanocatalysts, nano adsorbents, and 

nanomembranes are all three ways that are 

efficiently used for the removal of pesticides during 

wastewater treatment. The adsorption technique is 

considered the most useful and efficient technique 

to mitigate the pesticides and purify the wastewater 

by using the NPs. Most of the nano adsorbents now 

can eliminate 80% of the pesticides in a short 

interval of time. The most important parameters in 

the determination are the economic status, 

efficiency, and versatile nature of the adsorbent and 

activated carbon, Iron, and titanium dioxide are 

considered as the best nano adsorbents. As some 

pesticide contaminants and carbamates still need 

extensive study and a proper solution so it is 

suggested that for future the development of 

biopolymers based nanobiocomposites should be 

promoted to encourage eco-friendly, efficient and 

cheap nanocatalysts using green chemistry. As 

there is an urgent need to have a thorough 

comprehension of the multiple ways that lead 

towards the acute toxic effects of nanoparticles on 

vertebrate organisms, particularly humans.  In that 

case, to get rid of the acaricidal and insecticidal 

impact of botanical and microbial products that are 

employed as capping and reducing agents, we can 

replace them by green fabrication process, which 

relies on some particular compounds like stearic 

acid, zein, and β-caryophyllene, which because of 

variation in tested green reducing agent, allows us 

to get rid of such results which are difficult to 

reproduce.  
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