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ABSTRACT

Zinc oxide nanoparticles were synthesized through green chemistry using lemon extract as
reducing agent. The sensitivity of the synthesized nanoparticles against pesticide residues in water
was determined. The nanoparticles were characterized based on the absorbance. Characteristic
peaks were observed at 281nm and 328nm attributed to the exciton absorption peak and maximum
absorbance that confirmed the size of the product. The nanoparticles were mixed with different
concentration of pesticides in water at varying ratio. The color change was observed in relation to its
sensitivity to the solutions. Evident change in color from pale yellow to colorless were observed for both
400ppb of clothianidin and imidacloprid mixed with ZnO nanoparticles at 1:1 ratio. Absorbance spectra
revealed that there is a difference in the interaction of the two pesticides with ZnO nanoparticles.
However, same visual color change were observed for both pesticides from pale yellow to colorless.
This suggests that the ZnO nanoparticles were not selective as colorimetric detector for clothianidin

and imidacloprid.

Keywords: Colorimetric detection, Zinc oxide nanoparticles, Pesticide residues,
Water pollutant, Nanotechnology.

INTRODUCTION

Pesticide residues occurrence in water
systems is one of the persistent environmental
problems worldwide which also pose great risk to
health and safety. Occurrence of pesticides in water
systems are mainly due to soil erosion and run off
from fields. A review on pesticide residues detection
worldwide based on published researches from
2000 to 2020, revealed that 31 countries including
the Philippines have water systems contaminated

with pesticide residues'. This not only suggests the
need for the regulations regarding pesticide use and
additional systems for water purification but also
the need for continuous monitoring and evaluation
of pesticide residues. The Philippines is considered
as an agricultural country where almost 50% of its
land area is being utilized by agriculture?. As such,
rampant use of pesticides in the country that seeps
to water systems are also evident®*.

Detection of pesticide residues in food and
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water has been the focus of several researches due
to the excessive use of pesticides parallel to the
emergence of resistance of pests to pesticides. It is
a known fact that pesticides have acute and chronic
health risks associated to its exposure and intake.
Pesticide residues in water usually is detected
using sophisticated equipment such as LC-MS
and GC-MS as reflected in the previous studies.
Recent advances in the field of nanotechnology
provided an alternative on the use of nanoparticles
in colorimetric detection of pollutants. Several
methods have been developed with the aim of
simplifying the procedure of detection without the
use of sophisticated equipment. Thus, colorimetric
detector for the detection of pesticide residues
attracted attention for research and innovation.
Colorimetric detection aids in on-site detection of
analyte real-time using the naked-eye. This offers
the advantages of being economical, practical,
with comparable sensitivity and selectivity, and it
does not require a trained technician or specialized
equipment for the detection®®. There are several
methods and strategies involved in the development
of colorimetric sensors. Detection of pesticide
residues based on nanoparticles is one of these.

Nanoparticles have strong extinction
coefficient and localized surface plasmon resonance
(LSPR) that enables it to change color in different
environment. The size changes the surface plasmon
resonance (SPR) of metal nanoparticles. It is the
depiction of changes that occurs in the quantum
scale of the resonance effect created due to the
interaction of conduction electrons of metals’. It is
dependent on the size, the shape or assembly and
the composition of the dispersion medium. This
phenomenon causes the nanoparticles to have a
different optical, chemical and electronic properties
as compared to the bulk material. The SPR serves
as a measuring aid in determining changes in the
refractive index on the surface of the nanoparticle®.
It enables these changes to be visible to the naked-
eye through exhibition of different colors in the
visible region in the electromagnetic spectrum.
Thus, nanoparticles have broad applications as
colorimetric sensors for detection of analyte. Studies
have been conducted in the development of silver
nanoparticles modified with citrate in the detection
of fungicide residues in water, potato and wheat
samples®'® and silver nanoparticles reduced using
sucrose as sensor probe for hydrogen peroxide'.
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Gold nanoparticles have also been developed as
colorimetric sensors for organophosphates'>'® and
malathion™.The color change observed was from red
to grey or purple attributed to the aggregation of gold
nanoparticles in the presence of organophosphates.
Metal oxides nanoparticles have also been used
both for sensing and remediation in the environment
field due to its superconducting properties™. These
nanoparticles tend to have photocatalytic activities
that is being utilized for both sensing and remediation
of pesticide residues. Zinc oxide nanoparticles have
attracted attention worldwide due to its ease of
synthesis and characteristics which can be utilized
in various industries. It was determined to possess
high chemical and thermal stability as well as optical
transparency and luminescent properties'®. Several
studies have been conducted for its antimicrobial'”
and therapeutic activity's. Recently, it was also
determined to have the advantages as source of
zinc for soil as nanofertilizers'®2%2! owing to its
bioavailability and low toxicity in comparison to other
metal oxide nanoparticles. Zinc oxide nanoparticles
also showed significant photocatalytic activity and
affinity to organic dyes?22. ZnO nanoparticles have
been modified with 1-butyl-3-methylimidazolium
tetrafluoroborate for the removal of toxic dyes?.
The same modification on ZnO nanoparticles was
conducted and was determined to be effective
adsorbent of naphthalene and efficient removal
of pesticides®. ZnO nanoparticles have also been
used and determined to be effective as nano-
photocatalyst in the degradation of methyl parathion
and parathion2® and permethrin?’. These are
considered as neurotoxic pesticides. These physical
and chemical properties of zinc oxide nanoparticle
provides it with advantages as a colorimetric detector
application without having harmful threat to living
organisms and posing as a pollutant in the future.

Green synthesis involves the use of
organic materials or less toxic alternative to
chemicals in the synthesis of a product. Plant
materials such as stem, leaf, root, fruit and seeds
extract have been utilized for green synthesis of
nanoparticles due to its economical advantage
in addition to its environmental viability in large
scale production?®. Several nanoparticles have
been synthesized utilizing this advantages of green
synthesis such as the synthesis of magnesium oxide
nanoparticles using Tridax procumbens and Myristica
fragrance® and cupper oxide nanoparticles using
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lllicium verum and Pollianthes tuberosa extracts
as anticancer agent®. However, the efficiency of
green synthesis is dependent on it optimization due
to variations caused in changes in temperature,
pH and incubation time for the synthesis®'. Green
synthesis of ZnO nanoparticles is usually confirmed
by the appearance of a yellowish mixture. Several
studies have been conducted in synthesizing ZnO
nanoparticles using extracts from NPs synthesized
from extracts of lllicium verum®, Agathosma
betulina, Moringa oleifera, Pongamia pinnata,
Plectranthus amboinicus, Nephelium lappaceum
and Calatropis gigantea.

The study explores the characteristics
of zinc oxide (ZnO) nanoparticles as a less toxic
alternative for detecting pesticide residues in water.
It includes the characterization of ZnO, sensitivity
to different pesticide concentration and selectivity
based on absorbance changes. The study is
limited to determination of the sensitivity and
selectivity of zinc oxide nanoparticles against the
two pesticides commonly used in the production
of palay. Particularly, the study focused only on
the determination of two active ingredients of the
pesticides, Clothianidin and imidacloprid.

MATERIALS AND METHODS

Chemicals and equipment

Zinc oxide (ZnO) and other chemical
reagents were used without any further purification.
Distilled and deionized water was used as the solvent
to prepare all the solutions.

A Perkin Elmer Lambda 365 UV-Vis
Spectrophotometer was used for the characterization,
sensitivity and selectivity studies.

Synthesis and Characterization of Zinc oxide
Nanoparticles

Zinc oxide nanoparticles was synthesized
using the optimized conditions determined by
Hossain et al.,®® where lemon (Citrus limon) extract
was used as reducing agent. The lemon fruits were
cut into pieces and dried at 60°C for 10 horus. The
dried lemon pieces were then osterized to obtain
powder. The powder was mixed with distilled water
at a ratio of 100 mL per 1 g of lemon powder.
The suspension was stirred continuously using
a magnetic stirrer at 60-70°C for 4 hours. The
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suspension was allowed to cool at room temperature.
It was then filtered using Whatman No. 1 filter paper.
The extract was used as reducing agent for the
synthesis of the nanoparticles.

About 4.07 g of ZnO was dissolved in 10 mL
of ethylene glycol and diluting using distilled water
to 100 mL. The solution was mixed with the lemon
extract with 1:1 ratio gradually at room temperature
for 4 h until a colloid was observed. The colloid was
diluted with distilled water with 1:10 ratio prior to its
characterization.

The absorbance of the synthesized ZnO
nanoparticles was determined using Perkin Elmer
Lambda 365 UV-Vis Spectrophotometer. The
absorbance at wavelength 250 to 500nm at 0.5nm
resolution and scan rate of 120nm/minute was
obtained.

Sensitivity and Selectivity of Zinc oxide Nano-
particles

The two most commonly used pesticides
for palay in the region were used in the sensitivity
studies. active ingredients are clothianidin and
imidacloprid. Different concentrations of each
pesticides were prepared using distilled water as
solvent in accordance with the reported United
States Environmental Protection Agency (US EPA)
toxic dose as presented in Table 1.

Table 1: Concentrations of pesticides used for the
sensitivity studies

Pesticide  US EPA toxic dose Concentrations used
Clothianidin 320ppb 200, 250, 300, 350, and 400ppb
Imidacloprid 283ppb 200, 250, 300, 350, and 400ppb

*ppb = parts per billion

The pesticide solutions were mixed with
ZnO nanoparticles with 1:1 ratio. Changes in the
absorbance of the ZnO nanoparticles and the
initial spectra of the pesticide were determined
by scanning the absorbance at wavelength 200 to
500nm at 0.5nm resolution.

RESULTS AND DISCUSSION
Zinc oxide Nanoparticles Synthesis and

Characterization
Zinc oxide nanoparticles were synthesized
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through green synthesis approach using lemon
extract as reducing agent. The use of lemon extract
offered the advantage of using a non-toxic and
readily available reducing agent. Based on the review
study of Basnet et al.,** (2018), the polyphenols
such as the tannins, glycosides, and flavonoids
present in the plant extract forms complex with zinc
ions precursors reducing zinc ions to be in zero
valency. Consequently, the hydroxyl groups in the
polyphenols causes the occurrence of hydrolysis
reactions leading to the formation of zinc hydroxide.
Zinc oxide nanoparticles result from the calcination
and decomposition reactions that occurs afterwards.
Lemon peels extract is determined to be rich in
phytochemicals including carbohydrates, alkaloids,
tannins, oils, proteins, cardiac glycosides, steroids,
phenols, flavonoids and amino acids®-.

The absorbance spectrum of the
synthesized ZnO nanoparticles was obtained thru
UV-Vis spectrophotometer from 300 to 500nm as
shown in Figure 1.
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Fig. 1. Absorbance spectrum of ZnO nanoparticles

The characteristic peak of ZnO nanoparticles
at 328nm confirmed its size in the nanometer range.
Another peak was observed at 281nm. This peak
can be considered as an excitonic absorption peak
which occurred due to ZnO nanoparticles that lie
below the band gap wavelength®. It can be gleaned
that the several small absorption peaks are evident
aside from the two normal absorption peaks of
ZnO nanoparticles. This is due to the polydispersed
nature of the sample which closely resembles a
suspension. A side peak at around 362nm was also
evident in the spectrum. The side peak is due to the
intrinsic band-gap absorption of the nanoparticles
upon its electron transitions from the valence band
to the conduction band?®#3°. These transitions due to
band gaps are characteristics of ZnO nanoparticles
that are absent in other nanoparticles.
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Sensitivity of ZnO Nanoparticles to Pesticides

Sensitivity studies of the ZnO nanoparticles
was conducted using different concentrations of
pesticides commonly used in the rice fields. The
pesticides used contained two different active
chemical; clothianidin and imidacloprid.

Clothianidin solutions with concentration
ranging from 200 to 400ppb were prepared and
were mixed with ZnO nanoparticles at 1:1 ratio.
The appearance as obtained from a Huawei Leica
smartphone with a white background was shown in
Figure 2.
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Fig. 2. Clothianidin and ZnO nanoparticles at 1:1 ratio

The color of the solutions ranges from pale
yellow to almost colorless at increasing clothianidin
concentration. Without a white background, the
change in color cannot be seen clearly. Visible color
change was observed at the solution with highest
clothianidin concentration (Figure 3).

- -~ nd -

A

Fig. 3. Difference in color of solutions at 1:1 ratio of (A)
pure ZnO nanoparticles with distilled water and (B)
ZnO0 nanoparticles with 400ppb clothianidin

Thus, visible limit of detection was
determined at around 400ppb. This value is higher
than the EPA determined toxicity limit of clothianidin
for chronic exposure which is 320ppb. This suggests
that the limit of detection of ZnO nanoparticles still
needs to be improved for application in colorimetric
field testing.

Imidacloprid solutions with concentration
ranging from 200 to 400ppb were prepared and
were mixed with ZnO nanoparticles at 1:1 ratio.
The appearance as obtained from a Huawei Leica
smartphone with a white background was shown
in Figure 4.
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Fig. 4. Imidacloprid and ZnO nanoparticles at 1:1 ratio

The color of the solutions ranges from pale
yellow to almost colorless at increasing imidacloprid
concentration. Similar to that of clothianidin, without
a white background, the change in color cannot be
seen clearly. However, the change in color is more
gradual in comparison to clothianidin. Visible color
change was observed at the solution with highest
imidacloprid concentration (Figure 5).

e
Fig. 5. Difference in color of solutions at 1:1 ratio of (A)
pure ZnO nanoparticles with distilled water and (B) ZnO
nanoparticles with 400ppb imidacloprid
The visible limit of detection was determined
at around 400ppb. This value is higher than the EPA
determined toxicity limit of imidacloprid for chronic
exposure which is 283ppb. This suggests that the

limit of detection of ZnO nanoparticles still needs to
be improved for application in colorimetric field testing.

Selectivity studies of ZnO nanoparticles

As based on the color change observed
for both pesticides, it can be noted that the ZnO
nanoparticles is not selective for it provided similar
change from pale yellow to colorless for both
pesticides. This non-selectivity observed was further
confirmed by analyzing the absorbance spectra of
the samples.

The change in color can be explained upon
looking at the changes in the absorbance spectrum
of ZnO nanoparticles upon addition of clothianidin
(Figure 6).

As can be seen in Fig. 7, evident change in
part of the absorbance spectra of ZnO nanoparticles
occurred upon addition of 400ppb of clothianidin.
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The characteristic excitonic absorption peak at 281
nm disappeared. This suggests that the positively
charged electron hole created due to the absorption
of energy that causes the electron to move from
the valence band to the conduction band was
placed with possibly an electron from clothianidin.
This further suggests that the electronic properties
of the nanoparticles will also change. While the
disappearance of the pale yellow color may be
attributed to the decrease in the absorbance of the
solution at 420 to 450nm.

The change in color can be explained upon

looking at the changes in the absorbance spectrum
of ZnO nanoparticles upon addition of imidacloprid

(Figure 7).
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Fig. 6. Absorbance spectra of ZnO nanoparticles (orange)
and ZnO nanoparticles with 400ppb of clothianidin (blue)

0.6
04

0.2

0 1
2o 300 | 350/ 100 150 500

Absorbance

0.2

0.4

0.6

08 Wavelength, nm

—Zn0 np+400ppb imidacloprid —Zn0 np

Fig. 7. Absorbance spectra of ZnO nanoparticles (blue) and
ZnO0 nanoparticles with 400ppb of imidacloprid (green)

It can be gleaned that even if the change
in color for both the pesticides was from pale yellow
to colorless, the change in absorbance spectra
were not exactly similar. The exciton absorption
peak at 281nm was still evident in the case of ZnO
nanoparticles mixed with imidacloprid. The peak
however, prominently decreased in absorbance. The
results suggest that the positively charged electron
holes were still present. This may be attributed to the
larger structure of imidacloprid in comparison with
clothianidin (Figure 8).
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(a) (8}
Fig. 8. Chemical structure of (A) imidacloprid
and (B) clothianidin

Moreover, it can be gleaned from the
structures that imidacloprid has only 2 rotatable
bond count which is lower than the 4 rotatable
bond count for clothianidin. This implies that the
structure of clothianidin may twist more readily and
squeeze into the holes in the nanoparticles better
than imidacloprid.

However, despite the difference in
the interaction of the two pesticides with ZnO
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nanoparticles, the absorbance spectra of the samples
at 420 to 450nm were the same. Hence, the change
in color observed was the same for both. In terms of
colorimetric detection using the naked-eye, the ZnO
nanoparticles were not selective against the two
pesticides used in the study. Thus, modification of
the nanoparticle may be explored to develop a more
selective colorimetric detector. Other confirmatory
analyses such as the use of IR, XRD, SEM techniques
may also be conducted for future studies.
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