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ABSTRACT

Pesticides are synthetic chemicals that destroy pests and insects, improving vegetation and
damaging the ruling class. Pesticides gain the vegetation; However, the protective use of pesticides
goes against the traditional ethics of Integrated Pest Management (IPM), leading to environmental
concerns. It has been observed that neonicotinoid pesticides and their metabolites can continue
and accumulate in soils. They are freely soluble in water and compulsive, draining into waterways,
and more are found in environmental samples, eventually affecting human well-being. Therefore,
regional instability, the traditional principles, and anthropogenic versus natural origin of conceivably
dangerous title pesticide in soils and water assessment are precariously main to evaluate human
impact. This review article mainly focuses on extensive information about the sample preparation
methods, discovery methods, and the developed systems to samples from various fields of soils

and water to detect the neonicotinoids.

Keywords: Soil contamination, Water contamination, Neonicotinoid pesticides,
Anthropogenic, Sample preparation, Chromatographic techniques.

INTRODUCTION

Neonicotinoids are a category of chemicals
that are amalgamated from evidently taking place
plant compounds with insecticidal properties like
nicotine. Neonicotinoid pesticides are categorized
into three generations: chloronicotine, thionicotine,

and furan nicotine, along with Imidacloprid(IMl),
Acetamiprid (ACE), thiamethoxam (THM),
furosemide(FSM), fluidoximide(FDM), chlorothiazide
(CLO), imipramine, thiacloprid (THA)".

Clothianidin, imidacloprid, thaiamethoxam,
acetamipride, and thiaclopride neonicotinoid

Published by Oriental Scientific Publishing Company © 2018

This is an Open Access article licensed under a Creative Commons license: Attribution 4.0 International (CC- BY). | @ @




RAMACHANDRAIAH et al., Orient. J. Chem., Vol. 38(2), 259-267 (2022)

compounds are licensed for utilization as pesticides
in the UK and EU. Worldwide pesticides collectively
with fertilizers play a crucial position in agriculture
for a significant increase in food production. The
annual worldwide net population growth is eighty
million, but this has been kept. The world population
is anticipated to be nine billion human beings via
means of 2030. Consequently, pesticides are carried
out in modern agricultural practices to satisfy the
demand for food production2. The structure, chemical
formula, molecular weight, and year of introduction
of neonicotinoid insecticides are shown in Fig. 1.
Also, the NEOs' chemical properties (log Koc, Kow,

Table 1: NEOs Chemical properties ((log K
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and Solubility) are shown in Table 1.
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Fig. 1. Structural details of various neonicotinoid
pesticides®

K, and Solubility,)

oc?

Analytical compound Water solubility (mg/L) at 20°C Lipophilicity (log K ) Soil Affinity (log K ) Reference
ACE 2950 0.80 2.3 [4]
CLO 340 0.91 2.08
IMI 610 0.57 2.19-2.90
THA 184 1.26 3.67
THM 4100 -0.13 1.75

The neonicotinoids evolved in the 1980s,
and the primary neonicotinoid, Imidacloprid, was
launched by Bayer Crop Science LLC in the early
1990s. Initially, Imidacloprid was advanced to control
agricultural pests, and bugs have been validated to
be a completely powerful pediculicide in dogs and
cats®8. Their molecular goal is that neonicotinoids
selectively act on insect nicotinic acetylcholine
receptors (NAChRs). Therefore, the synthesis of
neonicotinoids may be considered a milestone and
enables the knowledge of practical residences of
the insect nAChRs’.

In insects, those receptors are positioned
totally in the central nervous system. Mammalian
tissue additionally carries more than one nAChRs
subtypes, and those are shaped through combos of
9a, 4B, v, and € subunits differently®. Fipronil and
neonicotinoids have an excessive vapour pressure,
values starting from 2.8x10® and 0.002 mPa at 25°C.
The low ability for volatilization of those materials
means during spray applications and will be found
in the only gaseous form for a short period. Even
though desorption was reduced at low temperatures
and low pesticide concentrations, Imidacloprid
sorption was favourably related to the soil's natural
matter and mineral clay content material. The

solubility of neonicotinoids in water is determined
by the temperature & pH of the water, the pH of
water, and the physical state of pesticides used.
For example, at 20°C and pH 7, thiacloprid and
nitenpyram have solubility's ranging from 184 mg/L
(moderate) to 590.0 mg/L (high).®

The physiochemical traits of neonicotinoids,
in terms of water solubility, P, and k_,, confer
systemic characteristics enabling them to be
absorbed and translocated within all plant tissues
and are continual and neurotoxin'®. As per the
Environmental Protection Agency (EPA) guidelines,
neonicotinoids are categorized as Il and Il
magnificence toxicity agents'. Generally, at field-
sensible ranges of pollution, neonicotinoids and
fipronil have a poor impact on a wide variety of
non-target invertebrates physiology and survival in
terrestrial, aquatic, marine, and benthic habitats.
Neonicotinoids are used to treat seed, so NIN's taken
by plants that are attractive to pollinators, including
Oil Seed Rape (OSR), maize, and sunflowers. In the
field, thiamethoxam is metabolized to clothianidin®.
Some bees have very catholic tastes and are not
likely to feed most effectively on vegetation treated
with neonicotinoids. Hence, the risk to be populations
from neonicotinoids noticed'.

ow’
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However, neonicotinoid pesticides are very
functional agents for improving food production rates.
Still, the non-targeted pests, aquatic animals, and
birds are affected by the residue of neonicotinoids
in soil and environmental samples. Various studies
reported that the plant's average absorption of
active ingredients of insecticides is about 20%
depending on plant type and size; subsequently, the
remaining 80% of bulk ingredient is speeded over
the environment'®.

Imidacloprid neonicotinoids display
the impact on white-tailed deer and fawns with
noticeably excessive concentration of Imidacloprid
in spleen and genital organs additionally tended
to be smaller and much less healthy'. The
higher toxicity of neonicotinoid insecticides, such
as N-(6-chloropyridin-3-ylmethyl)-2-nitro imino
imidazolidine (Imidacloprid), to bugs than to
mammals is owing in part to target site selectivity
on the nicotinic acetylcholine receptors (nAChRs)
identified'-'°. Imidacloprid is a neonicotinoid
insecticide that focuses on the nervous system by
blocking acetylcholine receptors. It is considered
non-poisonous to humans, however unintended
inhalational exposure to Imidacloprid can cause
severe gastrointestinal symptoms as well as
breathing problems?.

Contamination of soil by neonicotinoids

For more than a decade, it was observed
that neonicotinoids have been linked to environmental
and food contamination. Literature reveals that NEOs
have been found in soil, surface water, dust, pollen,
vegetable plants, fruits, tea, human hair, honey,
and other places?'-?”. In addition, neonicotinoids
are being used as insecticides to replace organo
phosphorus and carbonate insecticides, and their
use is likely to rise internationally’.

Pesticide residues of several pesticides
were found in 83 percent of the tested agricultural
soil, and 58 percent carried multiple residues,
indicating that soil is contaminated with pesticides
and their metabolites. Multiple pesticide residues in
the agricultural soil environment appear to be the
rule rather than the exception?'.

However, the amount of neonicotinoid
pesticide residue is not the same for the longest
time, and this was dependent on several factors like
the type of soil, type and quantity of the compound,
organic matter content, sunlight, temperature, and
groundwater circulation shown in Figure 25.

SITE CONDITIONS
 Depthto ground water « Water solubility
o Sunlight * Half life
* Temperature * Distribution coefficient
* Geological conditions

SOILTYPE
* Organic matter content
= Soll PH
« Soil permeability
« Soil texture

GEMENT PRACTIC

MANAGEME!
+ Application methods.
* Pesticiderates & timing

Factors
affecting the
amount of
NEOs in soil

Fig. 2. Factors affecting the amount of NEOs in
the soil (Reconstructed from™

In arecent European Union research, three
hundred seventeen agricultural topsoil samples
were tested for 76 pesticide residues. The only
neonicotinoid studied, imidacloprid, was discovered
in 7% of EU topsoil samples, with a maximum
concentration of 0.06 mg/kg?'. An investigation
reported, that the accumulation of NEOs in the soil
profile rose with the age plants' cultivation. This age
had a significant role in regulating the overall amount
of NEOs in the soil profile. In a large-scale field
research conducted across the whole Swiss lowland
agricultural area, it was discovered that practically
all soils are contaminated by NEO insecticides,
primarily IMI NEO?. During the investigation of
soils of five areas in Tianjin, China, six NEOs were
identified, with ACE, IMI, and THX being the most
commonly detected NEOs?.

Wind erosion from contaminated soil may
cause neonicotinoids to drift off target. These provide
information on non-target species risk analysis
models in maize agro ecosystems?. In diverse soil
types, the movement of neonicotinoid pesticides
(clothianidin and thiamethoxam) applied as a maize
seed dressing or pre-emergence spray application
was studied. Guttation liquid measurements were
used to characterize uptake of these in plants
sprouting from coated seeds?.

Only 5% of the neonicotinoid active
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ingredient in insecticides is taken up by agricultural
plants, with the rest dispersing into the environment.
The European Food Safety Authority (EFSA) was
involved with assessing the risks of clothianidin,
imidacloprid, and thiamethoxam and their influence
on bees®. B. Kumari et al., claimed that 80% of
soil and groundwater samples collected from
paddy-cotton, sugarcane fields, and tube wells in
fields surrounding Hisar, Haryana, India, contained
neonicotinoid residues beyond regulatory
limits®'. Based on projected half-lives >150 days,
neonicotinoid insecticides may be persistent in
the soils examined. In general, one of the physical
characteristics that determine the low-sorption
co-efficient of neonicotinoids in the soil is soil
organic carbon?,

Two systemic neonicotinoid pesticides
transfer from the soil into the pollen and nectar of
squash flowers. In nectar, the concentration range
is 13-17 ppb, while pollen has a concentration range
of 21-22 ppb®*34, Vertebrates are less vulnerable
than arthropods; in birds and mammals, a modest
number of prepared seeds can cause direct fatality®.
The capacity of active substances to elute in sandy
soil was associated with their water solubility,
demonstrating that thiamethoxam eluted 30 percent
faster than clothianidin®.

Contamination of water by neonicotinoids

Because neonicotinoids have such a long
half-life within soils and are water-soluble, they can
deposit and flow into surface and groundwater. So
there's a link between bird losses and the presence
of neonicotinoids in water®, and they also damage
fisheries, lowering yields dramatically. The structure
and function of aquatic ecosystems are being
impacted by the collapse of many invertebrate
populations, mostly due to the ubiquitous presence
of waterborne residues and the severe chronic
toxicity of neonicotinoids®’.

The finding of neonicotinoid residues in
surface water systems up to 225 g/L%, is cause for
concern because aquatic invertebrates are important
members of many fresh water bodies, and some
species are highly vulnerable to neonicotinoids®.

Neonicotinoids are toxic to aquatic and grassland
invertebrates and disrupt local ecosystems at very
low levels in the environment®.

Methods for the determination of neonicotinoids
in soil and water

For the evaluation and quantification of
neonicotinoids in title samples, several procedures
have been developed. The analytical method
chosen has a significant impact on the quality and
accuracy of the results. Regardless of the method
utilised, there are three main phases that must be
completed before evaluation: extraction, separation,
and detection, and it is shown in Figure 3.

+ LLEmethod,

+ GPCmethod,

+ SPEmathod,

+ MSDP, DSPD method
+ QuEChERS method

+ Optimization,
; + ANOVA,
Analytical Bo

Techniques

Sample
Preparation

* AirDrieing Extraction &  + Goms, Data Analysis
+ Seiving, Grining Clean-up ¢+ GC-IS,
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+ Initial Characterization of soil + LC-NMRS, LC-ISand CE-MS

Fig. 3. Steps involved in residue analysis of
NEOs in environmental samples

Sample preparation

The sample preparation stage is critical
to the entire process, yet it is also the most time-
consuming and labor-intensive phase. Furthermore,
most errors occur during this stage, endangering the
results. The primary purpose of sample preparation
is to maximize solvent extraction and enrichment of
target analytes while reducing interferences during
analysis. Sample preparation and enrichment of
the target chemicals are crucial because numerous
contaminants are found in title samples at low
amounts. The initial stage is to extract substances
using a variety of organic solvents, either alone or
in combination.

In addition, some processes incorporate a
clean-up step after extraction to eliminate interfering
species before moving on to the analysis. The type
of separation will influence sample preparation and
the quantitative procedures used. Table 2 summarise
the various extraction and detection techniques for
the estimation of NEOs in soil and water samples.
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Solid Phase Extraction (SPE)

Herbicides were extracted using the
SPE technique®. The principle of SPE is to retain
selected substances on sorbents before eluting
them with appropriate solvents. The extraction
and clean-up operations are merged into a single
step, resulting in clean extracts and lower solvent
usage than the liquid-liquid extraction method; they
are evaluated directly by Liquid Chromatographic
technique. In the analysis of complicated matrices,
the relative speed, simplicity, resilience, and
consumption of a low volume solvent alternative. For
neonicotinoid pesticides, this method was chosen
many researchers*3%4142,

Liquid- liquid extraction

For the measurement of neonicotinoids in
samples, liquid-liquid extraction (LLE) is the most
commonly employed extraction and purification
procedure. Large sample volumes and hazardous
solvents are usually used in LLE. The extraction
performance varies depending on the solvent and
aqueous medium ratios utilised in the extraction
technique. When a large amount of solvent is
utilised, interferences can co-extract and impair the
recovery of the target molecules. For the study of
imidacloprid in soil, liquid extraction worked better
at greater concentrations than soxhlet extraction*'.
The greatest results were obtained using a mixture
of two solvents in the ratio of Acetonitrile to water
(20:80, v/v), with no extra clean-up required.

QuEChERS

Study*? devised the QUEChERS (Quick,
Easy, Cheap, Effective, Rugged, and Safe)
technique with least interference. This might be
adopt in any laboratory due of its simplicity. Many
difficult analytical procedures being often used in
prior procedures are replaced by easier ones in the
QUECHhERS multiresidue approach. The extraction
of target compounds by salting out with magnesium
sulphate (MgSO,), acetonitrile, and sodium chloride
(NaCl), as well as dispersive solid-phase extraction
(DSPE) with anhydrous magnesium sulphate and
primary secondary amine (PSA), is extremely
effective for the removal of organic acids from
samples*. The QUEChERS method's first employed
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for pesticides in soil*>. The technique has been
used to determine neonicotinoids in title samples
in recent years. The modified QUEChERS method
was used to determine the properties of the sample
and neonicotinoids. For the title samples evaluation
and quantification, the QUEChERS technique was
utilised by various researchers?*.

Separation and detection

To separate and quantify neonicotinoids
in soil samples, a variety of analytical approaches
have been applied. Due to the low concentration
of these sample matrix and the complexity of the
matrix, analytical procedures with high selectivity
and sensitivity are required*®. SPE, DLLME,
liquid-liquid extraction, and QUEChERS extraction
are the analytical methodologies and cleanup
techniques for determining neonicotinoid pesticides
in soil and water at trace level*’. As published
in numerous research papers®°4-%' Completely
chromatographic analytical methods, such as
gas chromatography (GC) and high-performance
liquid chromatography (HPLC), are the most
popular analytical methods for pesticide residues
in agricultural and environmental media. Non-
volatile and thermally unstable materials should
be identified via liquid Chromatography.

Liquid chromatography

Liquid chromatography is a very sensitive
and selective method?®. The most generally used
techniques are liquid chromatography with mass
spectrometry detector and random MS. However
LC with other detectors has also been employed,
such as UV and diode array detector (DAD), which
have lower sensitivity and selectivity than LC-MS.
Neonicotinoids can be detected at low quantities in
complicated matrices using liquid chromatography
and tandem mass spectrometry. This technique
boosts sensitivity, minimise matrix interference,
and adds structural data. The ions of interest are
exclusively examined by the spectrometer in MS
with multiple reactions monitoring (MRM) mode.
Quantification of neonicotinoids in soil and water
was also done using ultra high-performance liquid
chromatography with random mass spectroscopy
(UHPLC-MS/MS)®2,
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CONCLUSION

The primary and ultimate object of the
review article was on trends in neonicotinoid
pesticide determination methodologies by different
researchers by following standard protocols.
The current trend in neonicotinoid insecticide
determination is very accurate and sensitive multi-
residue analysis by LC technique coupled with MS
or MS/MS as a detector. Various pre-treatment and
detection approaches are being established, which
has tremendously reduction in analysis time, sample
size, and interference with respect to sample matrix.
However, the extraction and detection technology of
choice remains the classic extraction and detection
system combined with mass for ultra quantification.
These procedures, however, are time-consuming
and costly. But, these constraints must be overcome
in the near future in order to produce a cost-effective
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and environmentally acceptable technology that
can identify a large number of pesticides in a single
run at lower limits than the maximum residual
levels. The literature review reveals that numerous
extremely sensitive procedures for determination
of neonicotinoids and their metabolites in title
samples have been developed in recent years
which helpful to the upcoming researchers to
enhance the quantification methodologies at very
low concentrations.

ACKNOWLEDGMENT

This research did not receive any specific
grant from funding agencies in the public, commercial,
or not-for-profit sectors.

Conflict of interest
The author declare that we have no conflict
of interest.

REFERENCES

1. G.-F. Pang, Introduction chapter: Analytical
Methods for Food safety by mass
spectrometry, Science direct., 2018.

2. B. and G.S. Damia Barcelo, USA.

3. E. Watanabe, Journal of ChromatographyA., 2021,
1643, DOI: 10.1016/.chroma. 2021. 46 2042.

4. C.A. Morrissey, P. Mineau, J.H. Devries, F.
Sanchez-Bayo, M. Liess, M.C. Cavallaro, K.
Liber, Environment International., 2015, 74,
DOI: 10.1016/j.envint.2014.10.024.

5. W. D. Kollmeyer, R. F. Flattum, J. P. Foster, J.E.
Powell, M.E. Schroeder, S.B. Soloway., 1999.

6. D. Goulson, Journal of Applied Ecology.,
2013, 50, DOI: 10.1111/1365-2664.12111.

7. P. Jeschke, R. Nauen, M. Schindler, A. Elbert,
Journal of Agricultural and Food Chemistry.,
2011, 59, DOI: 10.1021/jf101303g.

8. Dejan milatovic ramesh ¢ guptha, antiparasitic
drugs., 2019.

9. S. w Page., 2008.

10. N. Simon-Delso.; V. Amaral-Rogers.; L.P.
Belzunces.; J. M. Bonmatin.; M. Chagnon.; C.
Downs.; L. Furlan.; D.W. Gibbons.; C. Giorio.;
V. Girolami.; D. Goulson.; D.P. Kreutzweiser.;
C.H. Krupke.; M. Liess.; E. Long.; M. Mcfield.;
P. Mineau.; E.A. Mitchell.; C.A. Morrissey, D.
A. Noome.; L. Pisa.; J. Settele, J.D. Stark.;
A. Tapparo.; H. Van Dyck.; J. Van Praagh.;
J. P. Van Der Sluijs.; P.R. Whitehorn.; M.
Wiemers, Environmental Science and

Pollution Research., 2015, 22, DOI: 10.1007/
$11356-014-3470-y.

1. B. Buszewski, M. Bukowska, M. Ligor, I.
Staneczko-Baranowska, Environmental
Science and Pollution Research., 2019, 26,
DOI: 10.1007/s11356-019-06114-w.

12.  L.W. Pisa.; V. Amaral-Rogers.; L. P.
Belzunces.; J. M. Bonmatin.; C. A. Downs.;
D. Goulson.; D.P. Kreutzweiser.; C. Krupke.;
M. Liess.; M. Mcfield.; C.A. Morrissey.; D.A.
Noome.; J. Settele.; N. Simon-Delso.; J. D.
Stark.; J. P. Van Der Sluijs.; H. Van Dyck.;
M. Wiemers, Environmental Science and
Pollution Research., 2014, 22, DOI: 10.1007/
$11356-014-3471-x.

13. R. Nauen.; U. Ebbinghaus-Kintscher.;
V.L. Salgado.; M. Kaussmann.; Pesticide
Biochemistry and Physiology., 2003, 76, DOI:
10.1016/S0048-3575(03)00065-8.

14.  Department for Environment Food and Rural
Affairs, Defra Report., 2013.

15. D. Pietrzak.; K. Wator.; D. Pekata.; J. Wojcik.;
A. Chochorek.; E. Kmiecik.; J. Kania, Journal
of Environmental Science and Health -
Part B Pesticides, Food Contaminants,
and Agricultural Wastes., 2019, 54, DOI:
10.1080/03601234.2019.1574173.

16. E.H. Berheim.; J.A. Jenks.; J.G. Lundgren.;
E.S. Michel.; D. Grove.; W.F. Jensen,
Scientific Reports., 2019, 9, DOI: 10.1038/
s$41598-019-40994-9.



17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

RAMACHANDRAIAH et al., Orient. J. Chem., Vol. 38(2), 259-267 (2022) 266

N. Zhang.; M. Tomizawa.; J.E. Casida.;
Journal of Medicinal Chemistry., 2002, 45,
DOI: 10.1021/jm010508s.

K. J. A. Rodrigues.; M.B. Santana.; J. L. M.
Do Nascimento.; D. L. W. Picanco-Diniz.; L.
A. L. Maués, S. N. Santos.; V. M. M. Ferreira.;
M. Alfonso.; R. Duran.; L. R. F. Faro.;
Ecotoxicology and Environmental Safety.,
2010, 73, DOI: 10.1016/j.ecoenv.2009.04.021.
K. A. Ford.; J. E. Casida.; Chemical Research in
Toxicology., 2006, 19, DOI: 10.1021/tx0601859.
A. Kumar.; A. Verma.; A. Kumar.; Egyptian
Journal of Forensic Sciences., 2013, 3, DOI:
10.1016/j.ejfs.2013.05.002.

V. Silva.; H. G. J. Mol.; P. Zomer.; M. Tienstra.;
C. J. Ritsema.; V. Geissen.; Science of
the Total Environment., 2019, 653, DOI:
10.1016/j.scitotenv.2018.10.441.

A. Schaafsma.; V. Limay-Rios.; T. Baute.; J.
Smith.; Y. Xue.; PLoS ONE., 2015, 10, DOI:
10.1371/journal.pone.0118139.

M. Mértl.; B. Darvas.; A. Vehovszky.; J.
Gyori.; A. Székacs, International Journal of
Environmental Analytical Chemistry., 2017,
97, DOI: 10.1080/03067319.2017.1370090.
A. S. Huseth.; R. L. Groves.; PLoS ONE.,
2014, 9, DOI: 10.1371/journal.pone.0097081.
E. Ueno.; H. Oshima.; |. Saito.; H. Matsumoto.;
Y. Yoshihiro.; H. Nakazawa.; Journal of ACAC
International., 2004, 87, DOI: 10.1093/
jaoac/87.4.1003.

M. Farouk.; L. A. E. A. Hussein.; N. F. EIAzab.;
Analytical Methods., 2016, 8, DOI: 10.1039/
cb6ay01161f.

C. Sivanandha Reddy.; S. Kulavardhana
Reddy.; G. V. S. Reddy.; Rasayan Journal
of Chemistry., 2018, 11, DOI: 10.7324/
RJC.2018.1122077.

S. Humann-Guilleminot.; £. J. Binkowski.; L.
Jenni.; G. Hilke.; G. Glauser.; F. Helfenstein.,
2019, DOI: 10.1111/1365-2664.13392.

Y. Zhou.; X. Lu.; B. Yu.; D. Wang.; C. Zhao.; Q.
Yang.; Q. Zhang.; Y. Tan.; X. Wang.; J. Guo.;
Science of the Total Environment., 2021, 782,
DOI: 10.1016/j.scitotenv.2021.146803.

T. J. Wood,.; D. Goulson.; Environmental
Science and Pollution Research., 2017, 24,
DOI: 10.1007/s11356-017-9240-x.

B. Kumari.; V. K. Madan.; T. S. Kathpal.;
Environmental Monitoring and Assessment.,

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

2008, 136, DOI: 10.1007/s10661-007-9679-1.
E. Dankyi.; C. Gordon.; D. Carboo.; V. A.
Apalangya,.; |I. S. Fomsgaard.; Journal
of Environmental Science and Health-
Part B Pesticides, Food Contaminants,
and Agricultural Wastes., 2018, 53, DOI:
10.1080/03601234.2018.1473965.

K. A. Stoner.; B. D. Eitzer.; PLoS ONE., 2012,
7, DOI: 10.1371/journal.pone.0039114.

S. D. Stewart.; G. M. Lorenz.; A. L. Catchot.;
J. Gore.; D. Cook.; J. Skinner.; T. C. Mueller.;
D. R. Johnson.; J. Zawislak.; J. Barber.;
Environmental Science and Technology.,
2014, 48, DOI: 10.1021/es501657w.

M. Mértl.; O. Kereki.; B. Darvas.; S. Klatyik.;
A. Vehovszky.; J. Gyri.; A. Székacs.;
Journal of Chemistry., 2016, 2016, DOI:
10.1155/2016/4546584.

C.A. Hallmann.; R. P. B. Foppen.; C. A. M. Van
Turnhout.; H. De Kroon.; E. Jongejans.; Nature.,
2014, 5711, DOI: 10.1038/nature13531.

F. Sanchez-Bayo.; K. Goka.; D. Hayasaka.;
Frontiers in Environmental Science., 2016, 4,
DOI: 10.3389/fenvs.2016.00071.

A. Code.; S. Hoyle.; S.H. Black.; A. Blevins.;
Xerces Society., 2016.

B.Z. Bradford.; A.S. Huseth.; R.L. Grovesi.;
PLoS ONE., 2018, 13, DOI: 10.1371/journal.
pone.0201753.

Y. H. Yu.; Z. G. Ding.; W. M. Chen.;
Chromatographia., 2010, 72.

N. S. Moghaddam.; M. P. Zakaria.; D. Omar.; K.
Sijam.; Soil and Sediment Contamination., 2012,
21, DOI:10.1080/15320383.2012.71 2071.

M. Anastassiades.;S. J. Lehotay.; D. étajnbaher.;
F. J. Schenck.; Journal of AOAC International.,
2003, 86, DOI: 10.1093/jaoac/86.2.412.

S. Baskaran.; R.S. Kookana.; R. Naidu.;
Journal of Chromatography A., 1997, 787,
DOI: 10.1016/S0021-9673(97)00652-3.

E. Watanabe.; Insecticides-Advances in
Integrated Pest Management., 2012, DOI:
10.5772/28032.

C. Lesueur.; M. Gartner.; A. Mentler.;
M. Fuerhacker.; Talanta., 2008, 75, DOI:
10.1016/j.talanta.2007.11.031.

H.C. Liang.; M.T. Hay.; Water Environment
Research., 2011, 83, DOI: 10.2175/106143
011x13075599870414.

R. Burovi.; T. Dor.; Pesticides in the Modern
World-Trends in Pesticides Analysis., 2011.



48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

RAMACHANDRAIAH et al., Orient. J. Chem., Vol. 38(2), 259-267 (2022) 267

Y. Zhou.; X. Lu.; X. Fu.; B. Yu.; D. Wang.; C.
Zhao.; Q. Zhang.; Y. Tan.; X. Wang.; Analytica
Chimica Acta., 2018, 1016, DOI: 10.1016/].
aca.2018.02.047.

E. Dankyi.; C. Gordon.; D. Carboo,
I.S. Fomsgaard Science of the Total
Environment., 2014, 499, DOI:10.1016/j.
scitotenv.2014.08.051.

F. Dong.; X. Liu.; L. Cheng.; W. Chen.; J. Li.; D.
Qin.; Y. Zheng., Journal of Separation Science.,
2009, 32, DOI: 10.1002/jssc.200900338.
G.-G. Ying.; R.S. Kookana.; Journal of
Environmental Science and Health, Part B-
Pesticides, Food Contaminants, and Agricultural
Wastes., 2004, 39, DOI: 10.1081/pfc-200030808.
M. Hu.; J. Qiu.; H. Zhang.; X. Fan.; K. Liu.;
D. Zeng.; H. Tan.; Journal of Agricultural and
Food Chemistry., 2018, 66, DOI:10.1021/acs.
jafc.8b04186.

Z. Wang.; J. Chen.; T. Zhan.; X. He.; B. Wang_;
Ecotoxicology and Environmental Safety., 2020,
189, DOI:10.1016/j.ecoenv.2019. 110002.

C. Pook.; I. Gritcan.; Environmental Pollution.,
2019, 255,D0I:10.1016/.envpol.2019. 113075.
M. M. McManus.; R. P. Oates.; S. Subbiah.;
D. Klein.; J. E. Canas-Carrell, Journal of
Chromatography A., 2019, 1602, DOI:
10.1016/j.chroma.2019.05.035.

C. Hao.; D. Morse.; X. Zhao.; L. Sui.; Rapid
Communications in Mass Spectrometry.,
2015, 29, DOI: 10.1002/rcm.7381.

C. Hao.; M. R. Noestheden.; X. Zhao.; D.
Morse.; Analytica Chimica Acta., 2016, 925,
DOI: 10.1016/j.aca.2016.04.024.

W. Wang.; Y. Li.; Q. Wu.; C. Wang.; X. Zang.;
Z. Wang.; Analytical Methods., 2012, 4, DOI:

50.

60.

61.

62.

63.

64.

65.

66.

67.

10.1039/c2ay05734d.

T. Sultana.; C. Murray.; S. Kleywegt.; C.D.
Metcalfe, Chemosphere., 2018, 202, DOI:
10.1016/j.chemosphere.2018.02.108.

E. Watanabe.; K. Baba.; H. Eun.; Journal of
Agricultural and Food Chemistry., 2007, 55,
DOI: 10.1021/jf063140m.

J. M. Bonmatin.; D. A. Noome.; H. Moreno.; E.
A. D. Mitchell.; G. Glauser.; O. S. Soumana.;
M. Bijleveld van Lexmond, F. Sdnchez-Bayo,
Environmental Pollution., 2019, 249, DOI:
10.1016/j.envpol.2019.03.099.

R. Kachangoon.; J. Vichapong.; Y.
Santaladchaiyakit.; S. Srijaranai.;
Microchemical Journal., 2020, 152, DOI:
10.1016/j.microc.2019.104377.

J. M. Bonmatin.; E. A. D. Mitchell.; G.
Glauser.; E. Lumawig-Heitzman.; F. Claveria.;
M. Bijleveld van Lexmond.; K. Taira.; F.
Sanchez-Bayo.; Science of the Total
Environment., 2021, 757,D01:10.1016/j.
scitotenv.2020.143822.

M. Menon.; R. Mohanraj.; W. Sujata.;
Bulletin of Environmental Contamination
and Toxicology., 2021, 106, DOI: 10.1007/
s00128-021-03233-4.2.

E. Watanabe.; N. Seike.; Journal of Agricultural
and Food Chemistry., 2021, 69, DOI: 10.1021/
acs.jafc.0c06327.

R. Rasool.; B. K. Kang.; K. Mandal.; Journal
of AOAC International., 2021, 104, DOI:
10.1093/jaoacint/qsab053.

S. Hintze.; Y. S. B. Hannalla.; S. Guinchard.;
D. Hunkeler.; G. Glauser.; Journal of
Chromatography A., 2021, 1655, DOI:
10.1016/j.chroma.2021.462507.



