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Abstract Pesticides are deliberately used for controlling

the pests in agriculture and public health, due to which, a

part of it is present in the drinking water. Due to their

widespread use, they are present in both surface and ground

water. Most of the pesticides are resistant to biodegradation

and are found to be carcinogenic in nature even at trace

levels. Conventional methods of pesticide removal are

disadvantageous due to their inherent time consumption or

expensiveness. Nanoparticles alleviate both of these

drawbacks and hence, they can be effectively utilized for

the mineralization of pesticides. To prevent the presence of

nanoparticles in the purified water after mineralization of

pesticides, they need to be incorporated on a support. In

earlier studies, researchers employed activated carbon and

alumina as support for silver nanoparticles in pesticide

mineralization. However, not many studies have been

carried out on polymeric membranes as support for silver

nanoparticles in the mineralization of pesticides (chlor-

pyrifos and malathion). With this in view, a detailed study

has been carried out to estimate the mineralization poten-

tial of silver nanoparticles (synthesized using glucose)

supported on cellulose acetate membrane. It is observed

that the silver nanoparticles can effectively mineralize the

pesticides, and the concentration of nanoparticles enhances

the rate of mineralization.
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Introduction

Pesticides hold a unique position among contaminants

found in water, since they are deliberately used to control

pest in agriculture and public health [1]. Water pollution

due to pesticides is a critical problem in developing

countries. The sources of pesticides in water are runoff

from agricultural fields, industrial wastes and orchards

treated with pesticides [2]. They comprise different clas-

ses such as insecticides, fungicides, herbicides and

rodenticides etc. Due to their lack of high specificity,

pesticides are toxic to many unintended species including

humans.

Because of their widespread use, they leach into surface

and ground water and are therefore present in drinking

water as well. They persist in the environment and pose a

significant health threat especially to humans. Among the

possible effects related to this exposure, genetic damage

has important health implications for the induction of lung

cancer, non-Hodgkin’s lymphoma, pancreatic cancer,

bladder cancer and leukemia [3, 4].

Due to the increased awareness about the risks associ-

ated with drinking water contamination, the allowable

limits are being revised and the permissible limits are

expected to reach molecular levels in the coming years.

Despite the negative perception of the public, pesticides are

still going to be used for many decades to ensure the food

supply for the ever-growing world population [5].
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Therefore, it becomes essential to develop new technolo-

gies which are capable of removing pesticides even at trace

levels.

Earlier methods of pesticide removal include photo-

catalysis [6–9], biodegradation [10, 11], adsorption and

membrane separation [2]. These methods are disadvanta-

geous either due to their time consumption or expensive-

ness. The impacts of nanotechnology are increasingly

evident in all areas of science and technology, including

the field of environmental studies and treatment [12, 13].

Nanoparticles are usually referred to as clusters of atoms in

the size range of 1–100 nm [14].

Nanoparticles exhibit a completely new or improved

properties compared to larger particles of bulk material

and these novel properties are derived due to the vari-

ation in specific characteristics such as size, ionic state,

distribution and morphology of the particles. Nanopar-

ticles exhibit a higher surface area-to-volume ratio with

a decrease in the size of particles [15]. It has been well

established that the metallic nanoparticles such as zero-

valent iron, copper, silver and gold have unique catalytic

activity in the mineralization of halocarbons and other

organic as well as inorganic contaminants. Membrane

plays a pivotal part in water treatment technology as

there is a huge demand for low energy consumption

processes [16]. In addition, the membrane technology

used as a support for the nanoparticles’ dispersion has

great energy advantages, furthermore it decreases the

chemical usage for membrane cleaning and fabrication

cost, as compared to other conventional methods [17–

19]. However, not many studies have been carried out

on cellulose acetate membrane (CAM) as support for

silver nanoparticles (AgNPs) in the mineralization of

pesticides in water. With this in view, a detailed study

has been carried out to estimate the mineralization

potential of silver nanoparticles supported on CAM, and

the critical evaluation of the results is presented in this

paper.

Materials and methods

Chemicals and reagents

Silver nitrate, glucose, diethyl amine, cellulose acetate,

hexane and acetone were purchased from Thomas baker,

India. All the reagents used were of analytical reagent

grade and were used as received. Milli-Q water was used

for the synthesis of silver nanoparticles and double-dis-

tilled water was used for the mineralization of pesticides.

Commercially available pesticides such as chlorpyrifos

(Fig. 1a) and malathion (Fig. 1b) were obtained from local

pesticide shop.

Synthesis of silver nanoparticles using glucose

as reducing agent

To obtain a homogenous solution, 25 mL of 100 mM

AgNO3 and 25 mL of 50 mM glucose were mixed together

and stirred. 25 mL of 115 mM diethylamine was added to

the above solution and stirred vigorously. The color of the

solution was changed to black and then brown. Finally, a

light green colored precipitate was formed. After decanting

and washing repeatedly three times with distilled water, the

precipitate was collected and dried in oven at 50–60 �C [20].

Cellulose acetate membrane preparation incorporated

with AgNPs

Each membrane was prepared using 50 mL of 12 wt%

cellulose acetate dissolved in acetone. After the complete

dissolution, required quantity of AgNPs was added and

kept in the magnetic stirrer to obtain homogenous solution.

The homogenous viscous solution thus obtained was casted

on a clean and dry glass plate using a doctor blade (gap

0.625 mm). The film was air dried for 30 s. Further, it was

immersed in ethanol for 20 min and taken out for the

mineralization process [21].

Extraction of pesticide using hexane

After the treatment of various concentrations of pesticide

solution with AgNPs, 75 mL of hexane was added to

500 mL of the treated water. It was mixed well and kept for

30 min for the separation into layers of hexane with pes-

ticide and water. The hexane with the extracted pesticide

was kept out for evaporation of hexane till the final volume

was up to 3–4 mL. It was made up to 10 mL with hexane

and used to find out the absorbance value using UV–Vis-

ible spectroscopy [22].

Mineralization of pesticide using CAM incorporated

with AgNPs

Required concentrations of pesticide solutions (1, 2 and

3 mg/L) were prepared. Cellulose acetate membrane

incorporated with various AgNPs concentration (100, 200,

300, 400 and 500 mg) was used for every 250 mL of

pesticide solution. The membrane was dipped into the

Fig. 1 Structure of a chlorpyrifos and b malathion
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pesticide solution and at every 20 min interval the con-

centration of pesticides was examined.

Pesticide estimation

The estimation of chlorpyrifos and malathion was done by

measuring the absorbance peak at 292 and 267 nm,

respectively [23]. 3.5 mL aliquots of the solution were

taken out at equal time intervals (20 min) for analysis using

UV–Visible spectroscopy and the solutions were poured

back after measuring the absorbance.

Results and discussion

AFM analysis

To determine the topological nature of synthesized silver

nanoparticles, the sample was coated as a thin film on glass

slide for Atomic Force Microscopy (AFM) analysis and the

surface was scanned in an area of 5 9 5 lm2. Figure 2

depicts the AFM image of silver nanoparticles at different

magnifications. It can be observed from the figure that the

brighter field represents the silver nanoparticles due to its

high modulus as compared to the modulus of cellulose

acetate. Further, it can be noted that the silver nanoparticles

are spherical in nature and are of uniform size. The size of

the silver nanoparticles was measured using ImageJ soft-

ware and was found in the range of 60–75 nm.

Mineralization of chlorpyrifos using CAM incorporated

with AgNPs

It is well known that both chlorpyrifos and malathion

belong to organophosphorothioate pesticides. On

interaction of these pesticides with AgNPs, pesticide

undergoes mineralization during which the metal changes

into metal salt [23]. Figure 3 depicts the time-dependent

mineralization process of chlorpyrifos at different con-

centrations of silver nanoparticles. The rate of minerali-

zation was found to be increasing with AgNPs

concentration. This is due to the fact that, degradation of

chlorpyrifos takes place with the formation of AgNP-S

surface complex therefore, with increase in concentration

of nanoparticles in the support, active surface area was

found to be increasing and hence, at different AgNPs

concentrations, the decrease in time for mineralization

process was observed. These observations are consistent

with the results reported in the literature. The detailed

degradation pathway of chlorpyrifos is mentioned else-

where [24].

Fig. 2 AFM images of AgNPs,

a 5 9 5 lm2 and

b 770 9 770 nm2
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Mineralization of malathion using CAM incorporated

with AgNPs

Figure 4 depicts the time-dependent mineralization process

of malathion at different concentrations of silver nanopar-

ticles. For a particular concentration of malathion, the time

taken for the mineralization process decreases, as the Ag-

NPs concentration increases. This is because as the nano-

particle concentration is increasing, the number of active

sites is also increasing and hence, rate of mineralization

becomes faster. So, the decrease in time for mineralization

process at different AgNPs concentrations was observed.

Complete mineralization of pesticides was observed,

this is because on degradation of pesticides the oxidation

state of silver remains unaltered. To measure the effec-

tiveness of nanoparticles, time taken for complete miner-

alization of pesticides at different concentrations of AgNPs

was compared. However, for the sake of brevity, the results

of the pesticides for 2 mg/L concentration, only, are pre-

sented in the Fig. 5. It can be observed from the figures that

for both chlorpyrifos and malathion, the time consumption

pattern was comparatively the same.

Conclusion

Silver nanoparticles are proved to be novel, highly efficient

in removing the pesticides. And the method of preparation

of AgNPs is found to be economical. Silver nanoparticles

were synthesized using glucose as a reducing agent and

incorporated on cellulose acetate membrane. The silver

nanoparticles’ concentration and pesticide concentration

influence the mineralization time. Time required for min-

eralization of both chlorpyrifos and malathion having

concentration of 3 mg/L was observed as 300 and 160 min

when 100 and 500 mg of AgNPs incorporated on cellulose

acetate membrane, respectively. Hence, it can be con-

cluded that silver nanoparticles do not discriminate dif-

ferent pesticides and can be effectively used for the

removal of pesticides in the rural areas where the pesticide

contamination is prevalent.
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