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Abstract: The application of fipronil for the control of insect pests of different crops is increasing day by day.
As a result, it is inevitable to remain residues of fipronil in the treated crops. Therefore, it is an urgent need to
develop analytical method for the quantification of fipronil. Keeping this view, this study was initiated to
develop and optimize an analytical method for the quantification of fipronil residue using Gas Chromatography
triple quadrupole Mass Spectrometry (GC-MS/MS). A number of experiments has been conducted to select the
parent ion and precusor ion and based on these findings, the analytical method for the determination of fipronil
residue using GC-MS/MS was developed. The linearity of the developed analytical method was very good and
it was 0.999. The optimization of MS/MS parameters has been done properly through direct injection of 100
ug/L standard solution of fipronil.
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1. Introduction

Fipronil is a broad-spectrum insecticide and belongs to the phenylpyrazole chemical group. The use of fipronil
in Bangladesh is increasing day by day. Fipronil disrupts the insect central nervous system by blocking
the ligand-gated ion channel of the y-Amino Butyric Acid (GABA) receptor and glutamate-gated chloride
(GIuCl) channels. This causes hyper excitation of contaminated insects nerves and muscles. The specificity of
this insecticide towards insects is believed to be due to its greater binding affinity to the GABA receptors of
insects, than to those of mammals, and to its action on GluCl channels, which do not exist in mammals. Because
of its effectiveness on various pests, fipronil is used as the active ingredient in flea control products for pets and
home roach traps as well as field pest control for corn, and commercial turf. The widespread use makes its
specific effects of considerable attention (Valerie et al., 2005). This includes ongoing observations on possible
off-target harm to humans or ecosystems as well as the monitoring of resistance development.

To determine pesticide residues in fruits, vegetables and other matrices Gas Chromatography (GC), Gas
Chromatography associated with Mass Spectrometry (GCMS), High Performance Liquid Chromatography
(HPLC), and Liquid Chromatography associated with Mass Spectrometry (LC-MS) are the most commonly
used techniques. In recent years, GC-MS/MS has been used for the determination of pesticide residues in the
extracts of fruits and vegetables as it is an excellent technique which generally reduces the excessive cleanup
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steps, exhibits little chance of false-positive findings, and reduces the analysis time and cost (Hiemstra and Kok,
2007).

GC-MS is a powerful technique that has very high sensitivity, making it useful in many applications. Different
mass analyzers are used in GC/MS, including single quadrupole, triple quadrupole, ion trap, time of flightmass
spectrometry (TOF-MS). In Bangladesh, for the analysis of pesticide residues researchers mostly depends on
Gas Chromatography (Hoque et al., 2022; Hossain et al., 2014; Islam et al., 2021; 2019; 2019a; 2019b; Naharet
al., 2020; Rahman et al., 2021; Prodhan et al., 2018; 2017; 2010; 2009), and in a very few cases the researchers
using LC-MS/MS for the analysis of pesticide residues (Prodhan et al., 2022; 2022a), however, in many of the
countries, they are now using LC-MS/MS for the quantification of pesticide residues (Prodhan et al., 2015;
2015a; 2016; 2016a). On the other hand, a lot of research work has been conducted with mostly
organophosphorus pesticides (Tasnim et al., 2022; 2022a; Parven et al., 2021; Parvin et al., 2021; Hasan et
al.,2017; 2021; Habib et al., 2021; Prodhan et al., 2018a) and synthetic pyrethroid pesticides (Islam et al., 2014;
Prodhan et al.,2023; 2021; 2021a).There are also several research work was found with organochlorine
pesticides (Prodhan et al., 2018b) and carbamate pesticide residues (Kabir et al.,2007; 2008; 2008a). To the best
of our knowledge in Bangladesh, none of the research work has been conducted with fipronil determination
using GC-MS/MS. Therefore, the present study was initiated to develop an analytical method for the
determination of fipronil using Gas Chromatography Triple Quadrupole Mass spectrometry (GC-MS/MS).

2. Materials and Methods
2.1. Ethical approval
This study did not require ethical approval.

2.2. Chemicals and reagents

Reference standard of fipronil was obtained from Sigma-Aldrich (St Louis, MO, USA). GC-MS grade
methanol, MS grade acetonitrile, and chromatography grade water were from Merck (Darmstadt, Germany).
Sodium chloride (NaCl) was purchased from Chem-Lab (Zedelgem, Belgium), anhydrous magnesium sulphate
(MgSOQ,) was from Panreac (Barcelona, Spain), and Primary Secondary Amine (PSA) was from Agilent (Santa
Clara, CA, USA). Formic acid, ammonium acetate and ammonium formate of mass spectrometry grade was
purchased from Fluka (Buchs, Switzerland) via SAF scientific, Bangladesh Limited.

2.3. Preparation of pesticide standard solution

Pesticide standard stock solution of fipronil was prepared separately in acetonitrile at a concentration of 1000
mg/L and stored at -20°C until use. A standard solution of 50 mg/L in acetonitrile containing fipronil was
prepared by adding the appropriate volume in a 50 ml volumetric flask and made to volume by addition of
acetonitrile. An intermediate standard solution of 10 mg/L in acetonitrile was prepared from the standard
solution of 50 mg/L. Then working standard solutions of 0.01, 0.05, 0.1, 0.2, 0.4, 0.8, 1.0, 2.0, 3.0, 4.0, and 5.0
mg/L in acetonitrile were prepared by transferring the appropriate amount from 10 mg/L intermediate standard
solution into eleven separate 10-ml volumetric flasks. All the standard solutions were kept in a freezer at -20°C
until use.

2.4. Instrumental analysis

The development of analytical method was accomplished using a Shimadju Gas Chromatography-Tandem Mass
Spectrometry (GCMS-TQ8040). A specific method was developed for the determination of fipronil. The
determination of the analyte was achieved by a Rxi-5Sil MS column (30 m long, 0.25 mm i.d). The injection
volume was 1pL, and the total run time was 41.86 min. The data acquisition was performed using Multiple
Reaction Monitoring (MRM) Mode.

3. Results and Discussion

3.1. Optimization of GC-MS/MS operating conditions

Direct injection was used to obtain the mass spectra and the optimum collision energy for fipronil using a
standard solution of 100 ug/L in MS grade acetonitrile. Several experiments in positive mode and in different
solvents were performed to optimize these parameters for fipronil. Finally, the following parameters were
selected for proper quantification of fipronil (Tables 1 and 2).


https://en.wikipedia.org/wiki/Quadrupole_mass_analyzer
https://en.wikipedia.org/wiki/Triple_quadrupole_mass_spectrometer
https://en.wikipedia.org/wiki/Ion_trap
https://en.wikipedia.org/wiki/Time-of-flight_mass_spectrometry

Asian Australas. J. Food Saf. Secur. 2023, 7 (1) 42
Table 1. The instrument parameters for GC-MS/MS.

Instruments Conditions

GC Condition Injection Temperature: 250 C; Injection mode: splitless; flow control mode: linear velocity.

Column oven temperature: Programmed

MS Condition Interface temperature :250°C°
lon Source temperature :230 C

Table 2. Conditions for column oven temperature for fipronil determination.

Column oven Incremental Rate Temperature ('C) Hold time (min)
('C/min.)
Initial temperature: 70 C - 70 2
25 150 0
3 200 0
8 280 10

3.2. Method development and GC-MS/MS parameters optimization

Direct injection of fipronil standard solution (100 ug/L in acetonitrile) was accomplished to obtain the precursor
ion, product ions, and the collision energy (CE). The chromatogram of fipronil is illustrated in Figure 1. The
chromatogram of fipronil mentioning the parent ion, quantification and confirmation ions are presented in
Figure 2. The calibration curves prepared with different concentrations are presented in Figure 3. The parent
ion, quantification ion, confirmation ion, collision energy (CE) along with the retention time of fipronil are
presented in Table 3.

Chromatogram Fipronil D:\GCMSMS Data'Pesticides Friproml'27-01-20211100 ppb.qgd

Group #1
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Figure 1. Chromatogram of fipronil with a concentration of 100 ug/L.
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Figure 2. Chromatogram of fipronil showing parent ion and precursor ion with a concentration of 100
ug/L.
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ID#:1 Mass:367.00>212.90 Name:Fipronin
f(x)=291.959828*x-1341.592911
r1=0.999610 112=0.999220
MeanRF:194.65 RFSD:87.28 RFRSD:44.84
CurveType:Least Square Method
ZeroThrough:Not Through
WeightedRegression:None

External Standard

TR = Conc. (ppb) Mean Area
[*l:-,o(]—” 1 5.000 530.00
2 10.000 1343.00
3 50.000 12897.00
4 100.000 28037.00
1.0}
0.0

0.0 0.5 1.0
[*¥1072]

Figure 3. Calibration curve of fipronil made with different concentrations ranging from 5 ug/L to 100
ug/L.

Table 3. GC-MS/MS parameters for fipronil determination.

Pesticides RT (min.) Parent ion Quantification CE Confirmation ion | CE
(m/z) ion (m/z) V) (m/z) V)
Fipronil 19.82 367.00 227.90 26 212.90 26

3.3. Preparation of calibration curve

The standard solutions of different concentrations of fipronil was prepared and injected with the suitable
instrument parameters. The samples were calibrated (retention time, peak area, etc.) against four pointed
calibration curve of standard solution of fipronil. Each peak was characterized by its retention time. The
calibration curves prepared with different concentrations ranging from 5 ug/L to 100 ug/L are presented in
Figure 3. The linearity of the calibration curve for fipronil was very good and the co-efficient of determination
was > 0.999.

Now-a-days, food safety is a major concern for the consumers. To ensure the safe food for the consumers, it is
necessary to quantify pesticide residues with an accurate analytical method using GC, GC-MS, GC-MS/MS,
HPLC and LC-MS/MS. However, in case of conventional GC and HPLC, there is a change to produce false
positive and false negative findings. But, using GC-MS/MS and LC-MS/MS, it is possible to minimize both
false positive and false negative findings (Hernandez et al., 2013; Prodhan et al., 2017). On the other hand, it is
difficult to quantify residues at a very trace levels using GC or HPLC. To minimize these problems, GC-MS/MS
and LC-MS/MS is the best option (Hernandez et al., 2013; Prodhan et al., 2018b; Hiemstra and Kok, 2007).
However, in order to analyze pesticide residues researchers mostly depends on Gas Chromatography especially
in the developing countries including Bangladesh (Alam et al., 2023; 2022; Aktar et al., 2017), and in a very
few cases the researchers using LC-MS/MS for the analysis of pesticide residues (Prodhan et al., 2022).
Therefore, a precise quantification method was developed in this study using GC-MS/MS. The linear range was
5 ug/L to 100 ug/L and the linearity of the method was also very good (= 0.999). The findings of the present
study are in a good agreement with Nasiri et al., 2016, where they developed a multi residue analytical method
with GC-MS and found that the linearity of the selected pesticides ranged from 0.996-0.999.

4. Conclusions

In this study, an accurate and efficient analytical method was developed for fipronil residue determination using
GC-MS/MS. The linearity of the developed analytical method was very good and it was > 0.999. The developed
method can be used successfully for the quantification of fipronil residues in different agricultural commodities.
The developed analytical method will assist the analysts to quantify fipronil residues accurately and precisely.
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