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Research Article

Rapid and sensitive detection of fipronil and
its metabolites in edible oils by solid-phase
extraction based on humic acid bonded silica
combined with gas chromatography with
electron capture detection

Solid-phase extraction based on humic acid bonded silica followed by gas chromatography
with electron capture detection was developed to determine fipronil and its metabolites
in edible oil. To achieve the best extraction performance, we systematically investigated a
series of solid-phase extraction parameters. Under the optimized conditions, the method
was validated according to linearity, recovery, and precision. Good linearities were obtained
with R2 more than 0.9996 for all analytes. The limits of detection were between 0.3 and
0.5 ng/g, and the recoveries ranged from 83.1 to 104.0% at three spiked concentrations with
intra- and interday relative standard deviation values less than 8.7%. Finally, the proposed
method was applied to determine fipronil and its metabolites in 11 edible oil samples taken
from Wuhan markets. Fipronil was detectable in four samples with concentrations ranging
from 3.0 to 5.2 ng/g. In China, the maximum residue limits of fipronil in some vegetables
and maize are 20 and 100 ng/g (GB/T 2763-2014), respectively. The residues of fipronil
and its metabolites in commercial edible oils might exhibit some potential threat to human
health as a result of high consumption of edible oil as part of daily intake.

Keywords: Bonded silica / Edible oils / Fipronil / Humic acid / Solid-phase extrac-
tion
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1 Introduction

Fipronil is a phenylpyrazole insecticide, which is commonly
used to resist lepidopterous and orthopterous pests in veg-
etables and coleopterous larvae in soil [1]. The biochem-
ical pathways of classical insecticides are cholinesterase
inhibitors (organophosphates and carbamates) or sodium
channel blockers (pyrethroids). However, some insects have
developed resistance against those chemicals [2]. As the
second generation of insecticides, fipronil acts on the �-
aminobutyric acid (GABA) receptor system as a noncom-
petitive blocker, which prevents the uptake of chloride ions
resulting in excess of neuronal stimulation and death of the
target insects [3]. However, it has been reported that fipronil
exhibits high levels of toxicity against bees and many aquatic
organisms [4]. Furthermore, fipronil can degrade to more
toxic metabolites like desulfinyl, sulfide, and sulfone metabo-
lites through photolysis, reduction, and oxidation processes,
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respectively, as shown in Fig. 1 [5]. Moreover, it has been re-
ported that fipronil sulfone and fipronil desulfinyl are more
active at the mammalian chloride channel than at insect chlo-
ride channels, resulting in the reduction in the selectivity
between insects and humans, thus posting great threat to
humans health [6]. Oil crops and their downstream commer-
cial products like edible oil may contain residues of fipronil
and its metabolites. Considering the high levels of edible oil
consumption in the daily intake, it is significant to develop
simple, efficient, and sensitive method for the monitoring
of the concentration level of fipronil and its metabolites in
edible oils.

Earlier, various methods, like GC with electron capture
detection (ECD) and MS, HPLC–MS have been reported for
the analysis of fipronil and its metabolites in different ma-
trices, such as maize [5, 7], peanut [2], soil [8, 9], vegetables
and fruits [1,4,10–12], rice [13], honey [14–16], pollen [17,18],
sugar [6], and plasma [19,20]. However, earlier studies did not
focus on development of a specific method for the analysis of
fipronil and its metabolites in edible oils. Compared with the
above mentioned sample matrices, the matrix of edible oil is
much more complex due to the high concentration of endoge-
nous compounds, such as triglyceride and tocopherol in the
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Figure 1. Chemical structure of fipronil and its metabolites.

Figure 2. Proposed building block of humic acids.

matrix, which would rapidly decrease the column resolution
efficiency and instrumental detection sensitivity [21–23]. As
can be seen, analysis of fipronil and its metabolites in edible
oils is challenging, and a highly efficient and rapid sample
pretreatment method is badly needed for a satisfactory sepa-
ration of fipronil and its metabolites from edible oil to avoid
high amount of fat residues in the final solution.

SPE is a widely used sample pretreatment method, which
has many advantages over traditional LLE in terms of selectiv-
ity, extracts, reproducibility, and avoidance of emulsion for-
mation [24]. However, traditional SPE sorbents, such as C18

materials, show poor selectivity and only offer hydrophobic
interaction for target compounds. Therefore, it is important
to develop new and high selectivity materials as SPE sor-
bents to enrich and purify fipronil and its metabolites from
edible oils. In our earlier studies, a humic acid bonded sil-
ica (HAS) was used as SPE sorbent to extract benzopyrene
and abamectin from edible oils [25,26]. Owing to its peculiar
structure (shown in Fig. 2), HAS could provide multiple inter-
actions with target analytes, such as chelation, charge-transfer
interactions, hydrophobic interactions, dipole–dipole interac-
tions, ion exchange reactions, and hydrogen bonding [27,28].
As depicted in Fig. 1, the molecules of fipronil and its metabo-
lites contain aromatic ring and some polar groups, thus those

analytes could be captured through above interactions. In
this paper, a GC–ECD coupled with SPE using HAS sorbent
was proposed to determine fipronil and its metabolites in
edible oils. Different parameters affecting the extraction pro-
cess were studied and optimized in detail. To the best of our
knowledge, this is the first time that the specific determina-
tion method of fipronil and its metabolites in edible oils is
developed.

2 Materials and methods

2.1 Chemical and reagent

The humic acid bonded silica (50–74 �m) named as HiCapt
Benzo was purchased from Weltech (Wuhan, China). The
HAS SPE cartridges were packed as follows: A certain amount
of sorbent was packed into a 6 mL polypropylene syringe, and
the material was retained by two polyethylene frits. Then SPE
was performed on a Supelco 12-port model SPE Vacuum
Manifold (Bellefonte, PA, USA). Methanol, acetonitrile, n-
hexane, acetone, dichloromethane, and ethyl acetate (HPLC
grade) were all obtained from Fisher Scientific (USA).

Individual standard solution (1000 �g/mL) of fipronil
was purchased from Agro-Environmental Protection Insti-
tute, Ministry of Agriculture (Tianjin, China). Three fipronil
metabolites (99.99%) were purchased from Laboratories of
Dr. Ehrenstorfer (Augsburg, Germany). The standard stock
solution of fipronil and its metabolites (10 �g/mL) were pre-
pared in methanol and stored at –18�C. The working standard
solutions were prepared daily. The sample solutions were
spiked to the desired concentrations for experiments.

2.2 Apparatus

GC–ECD analysis was performed using an Agilent 6890N
system. The separation was achieved on a fused-silica cap-
illary column (DB–1, 30 m × 0.32 mm id, film thickness
0.25 mm). The oven temperature was programmed at 150�C
for 2.0 min, increased to 270�C at a rate of 6�C/min, and
held for 5.0 min. The injection volume was 1.0 �L and split-
less injection mode was used. Nitrogen (purity 99.999%) was
used as the carrier gas at a flow rate of 2.0 mL/min. Tem-
peratures at injection port and detector were 230 and 320�C,
respectively.

2.3 Sample preparation

A 0.50 g of edible oil sample was exactly weighed into a
10 mL centrifuge tube, and then the test sample was spiked
with known amount of analytes and incubated for 10 min
at room temperature. The oil sample was diluted with 2 mL
of n-hexane and vortexed for 1 min. Then, the mixture was
loaded onto the HAS SPE cartridge which was sequentially
preconditioned with 5 mL of acetone and 5 mL of n-hexane
for condition. After the cartridge has been rinsed with 8 mL
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Figure 3. Effect of the amount of sorbent (A) and the types of loading solvent (B) on the recoveries of fipronil and its metabolites.

of ethyl acetate/n-hexane (30:70, v/v), 2 mL of acetone were
used for elution (at about 1 mL/min) and the eluate was
collected into a centrifuge tube. The collected fraction was
evaporated to dryness under a mild nitrogen stream at room
temperature. The residue was dissolved in 1 mL of n-hexane
and the resulting solution was filtered through a disposable
filter (0.45 �m pore size) for GC–ECD analysis.

2.4 Method validation

The analytical method was validated according to the single
laboratory validation approach [29]. The performance of the
method was evaluated according to linearity, LOD, LOQ, ma-
trix effect, recovery, and repeatability. A blank oil sample was
used to perform the whole method validation process.

3 Results and discussion

3.1 Optimization of the SPE conditions

The optimization of the SPE conditions was conducted on
the blank oil samples spiked with 20 ng/g analytes. Vari-
ous parameters such as amount of sorbent, loading solution,
washing solution, desorption solution were investigated.

3.1.1 Optimization of the amount of sorbent

The sorbent is the core of SPE, and the amount of sorbent sig-
nificantly affects the extraction efficiency of target analytes.
Due to the complex matrices of edible oil, which is competi-
tive with target analytes for adsorption sites in SPE process,
cartridges packed with different amounts of HAS sorbents
were evaluated according to the extraction efficiency of tar-
get analytes. As shown in Fig. 3A, with the amount of HAS
ranging from 100 to 500 mg, the recoveries of four analytes
demonstrated an upward trend; while the amount of mate-

rial was further increased to 1000 mg, the recoveries did not
change significantly. Therefore, 500 mg of HAS was selected
in the following experiments.

3.1.2 Optimization of the sample loading conditions

Since the viscosity of oil samples is very large, it is neces-
sary to select an appropriate solvent to dilute oil samples
for extraction of target analytes by HAS-based SPE method.
Dichloromethane, n-hexane and ethyl acetate were investi-
gated in this study. The results are demonstrated in Fig. 3B.
Ethyl acetate was not suitable as loading solvent due to its
high polarity and the recoveries of all analytes were below
30%. When dichloromethane was used as loading solvent,
the recoveries of fipronil and fipronil sulfone were about
90% while the recoveries of fipronil desulfinyl and fipronil
sulfide were also below 30%. As to n-hexane, the recoveries
of all analytes were shown to be greater than 80%. Therefore,
n-hexane was selected for further experiment.

3.1.3 Optimization of the washing conditions

After sample loading, it came to the washing procedure which
was essential, especially for the oil samples with complex sam-
ple matrices, because it would seriously disturb the detection
of target analytes. The washing step should meet the demands
that the matrix interferences should be removed to the max-
imum extent while the loss of target analytes should be con-
trolled as much as possible. Therefore, different proportions
of ethyl acetate to n-hexane were tested as the cleanup solu-
tion. The results are shown in Fig 4A. With the content of ethyl
acetate increasing from 10% to 30%, the recoveries of four an-
alytes decreased gradually; when the content of ethyl acetate
was higher than 30%, the recoveries decreased rapidly, es-
pecially for fipronil desulfinyl and fipronil sulfide. As shown
in Fig. 1, compared with fipronil and fipronil sulfone, the
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Figure 4. Effect of the proportion of washing solvent (the content of ethyl acetate, v/v) (A), the volume of washing solvent (B) and the types
of desorption solvent (C) on the recoveries of fipronil and its metabolites.

molecules of fipronil desulfinyl and fipronil sulfide have not
S=O groups, resulting in lower hydrogen bonding interac-
tions between HAS adsorbent and two fipronil metabolites.
It is easier to elute fipronil desulfinyl and fipronil sulfide from
HAS adsorbent by ethyl acetate than fipronil and fipronil sul-
fone. Thus, ethyl acetate/n-hexane (30:70, v/v) was chosen as
washing solution. We further optimized the volume of wash-
ing solution from 2 to 10 mL. As shown in Fig. 4B, the recov-
eries of fipronil and its metabolites have no obvious change
with the volume of washing solution increasing from 2 to
8 mL. And when the volume of washing solution was 10 mL,
there was an obvious reduction in the recoveries of fipronil
and its metabolites. Therefore, 8 mL ethyl acetate/n-hexane
(30:70, v/v) was considered to be the ideal washing solution
for the high recoveries of fipronil and its metabolites and for
the removal of interferences to the greatest extent.

3.1.4 Optimization of eluting solvents

The eluting conditions were further optimized. Different sol-
vents such as methanol, acetonitrile and acetone were tested

as eluents for the investigation of eluting efficiencies of
fipronil and its metabolites. As shown in Fig. 4C, about 100%
recoveries of fipronil and its metabolites could be achieved
using those three solvents as eluents. Considering that ace-
tone was much easier to concentrate for next analysis, acetone
was selected as the eluting solvent. The effects of eluent vol-
umes on the recoveries were also investigated. We found that
2.0 mL acetone was enough for the effective elution of fipronil
and its metabolites from HAS cartridge.

To sum up, the optimal SPE conditions were as fol-
lows: 500 mg amount of HAS, n-hexane as loading solvent,
8 mL ethyl acetate/n-hexane (30:70, v/v) as washing solution,
2.0 mL acetone as eluting solvent. Figure 5 shows the typical
chromatograms of fipronil and its metabolites for blank and
spiked oil samples and standard solution under the optimized
SPE conditions. No interferences from sample matrices were
observed after SPE pretreatment.

Furthermore, the lot-to-lot reproducibility of HAS SPE
sorbents was investigated to access the feasibility of the
method for routine analysis. Three batches of the HAS sor-
bents were used to extract fipronil under the optimized
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Figure 5. GC–ECD chromatograms of a blank oil sample (A), a
20 ng/g standard solution of fipronil and its metabolites (B) as
well as a blank sample spiked with fipronil and its metabolites at
the concentration of 20 ng/g (c) under the optimized SPE condi-
tions. Peaks: 1. fipronil desulfinyl; 2. fipronil sulfide; 3. Fipronil; 4.
fipronil sulfone.

conditions. The extraction recoveries of three batches of
the HAS sorbents were 104.0, 98.3, and 106.2%, indicating
the good batch reproducibility of HAS sorbents.

3.2 Method validation

3.2.1 Matrix effect

Matrix effect was always observed in GC analysis due to the
adsorption of the analytes or matrix components on the ac-
tive sites in the injection port. Matrix effect could be deter-
mined by the following equation: matrix effect (%) = (peak
area of matrix standard–peak area of solvent standard) ×
100/peak area of solvent standard. As shown in Table 1, the
matrix effects of fipronil and its desulfinyl, sulfide, and sul-
fone metabolites were 1.3, 1.2, 3.0, and 0.4%, respectively.
The result indicated that matrix effects of all analytes are very
weak, and SPE process can effectively remove the matrices of
edible oil samples.

3.2.2 Linearities and sensitivity

In current study, matrix-matched calibration solutions spik-
ing in blank sample solutions at six concentration levels from
1 to 500 ng/mL were prepared to avoid the matrix effects.
The calibration curves were established by plotting the peak

areas of the analytes versus the concentrations of analytes.
LODs and LOQs were calculated as the concentrations cor-
responding to a signal of three and ten times the SD of the
baseline noise, respectively. As listed in Table 1, fipronil and
its metabolites showed good linearity with R2 above 0.9996.
The LODs and LOQs were found to be in the range of 0.3–0.5
and 1.0–1.6 ng/g, respectively.

3.2.3 Recoveries and repeatability

Recoveries were investigated in spiked oil samples at three
different concentration levels of 10.0, 50.0, and 200.0 ng/g.
The recoveries were determined by comparing the calculated
amounts of analytes in the samples (using calibration curves)
with the spiking amounts. The repeatability of the method
was assessed by determining the intra- and interday RSDs
at three concentration levels. As listed in Tables 2 and 3, the
recoveries at three different concentration levels of 10.0, 50.0,
and 200.0 ng/g ranged from 83.1 to 106.0%, and intraday and
interday RSDs were all below 8.7%. Those results indicated
that the proposed method was suitable for routine analysis.

3.2.4 Comparison with the previous methods

To the best of our knowledge, there was no reported special
determination method of fipronil and its metabolites in edi-
ble oils. Due to the abundant lipid matrices in edible oils, the
matrix of edible oil is much more complex compared with
other agricultural products, which makes the sample prepa-
ration process of edible oil very difficult. The comparison in
the terms of performance of our newly developed method
with the previous reported methods in recent years for the
determination of fipronil and its metabolites in food matri-
ces are illustrated in Table 4. Recoveries, LODs, and RSDs
of our method are satisfactory, and better than most other
studies. Furthermore, an effective one-step process of extrac-
tion and cleanup of fipronil and its metabolites in edible oils
was achieved with an HAS-based SPE in this work, and the
required time for sample preparation of our method was only
about 15 min, much less than that of reported methods, in
which multi-step extraction and cleanup were necessary. The
experimental and comparative results well indicated that our
proposed method may be used to effectively monitor fipronil
and its metabolites in edible oils.

Table 1. Linear dynamic range, R2 value, limit of detection (LOD), limit of quantification (LOQ), and matrix effects of fipronil and its
metabolites in edible oils

Analytes Linear dynamic range (ng/g) R2 value LODs (ng/g) LOQs (ng/g) Matrix effects (%)

Fipronil desulfinyl 1.0–500 0.9996 0.3 1.0 1.2
Fipronil sulfide 2.0–500 0.9997 0.5 1.6 3.0
Fipronil 1.0–500 0.9999 0.3 1.0 1.3
Fipronil sulfone 2.0—500 0.9999 0.5 1.6 0.4
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Table 2. Average recoveries and RSDs of fipronil and its metabolites spiked in edible oils via GC-ECD analysis (n = 4)

Analytes 10 ng/g spiked level 50 ng/g spiked level 200 ng/g spiked level

Recoveries (%) RSD (%) Recoveries (%) RSD (%) Recoveries (%) RSD (%)

Fipronil desulfinyl 94.9 8.5 94.7 9.9 94.6 5.4
Fipronil sulfide 86.3 1.7 83.1 11.2 83.4 5.8
Fipronil 106.0 11.4 104.0 19.7 100.6 9.3
Fipronil sulfone 85.1 7.1 90.8 8.6 96.2 7.9

Table 3. Method precisions at three different concentrations for determination of fipronil and its metabolites in edible oils

Analytes Intraday precision (RSD, %; n = 4) Interday precision (RSD, %; n = 3)

10 ng/g 50 ng/g 200 ng/g 10 ng/g 50 ng/g 200 ng/g

Fipronil desulfinyl 8.7 2.3 2.1 4.7 0.6 5.6
Fipronil sulfide 5.1 4.0 2.7 4.6 2.2 8.7
Fipronil 3.2 2.6 3.4 3.3 4.2 6.2
Fipronil sulfone 5.9 0.9 1.9 1.2 2.6 4.0

Table 4. Comparison of method performance with the previous method for detection of fipronil and its metabolites

Sample Preparation Detection LODs Time for sample Recoveries RSDs Reference
methods techniques (ng/g) preparation (min) (%) (%)

Green pepper QuEChERS UPLC-MS/MS 5 >30 80.2–112.0 3.6–8.2 [12]
Corn QuEChERS UPLC-MS/MS 0.5–2.5 >25 82.4–104.6 1.2–9.4 [5]
Vegetables and fruit QuEChERS GC-MS 10* >25 86.0–112.0 <10.2 [1]
Sugar QuEChERS GC-MS 5* >40 87.5–108.5 0.2–5.3 [6]
Peanut QuEChERS UPLC-MS/MS 0.3 >15 66.0–116.0 �19.0 [2]
Maize liquid–solid

extraction,
liquid–liquid
partitioning, SPE
cleanup

GC-ECD 0.3–0.5 >50 83.0–106.0 �8.9 [7]

Rice Extraction with
acetone and
dichloromethane,
d-SPE cleanup

GC-ECD 3 >180 85.0–94.3 1.1–4.3 [13]

Okra Extraction with EtOAc
and d-SPE cleanup

UPLC-MS/MS 1 >20 80.0–107.0 Not mentioned [10]

Oil SPE GC-ECD 0.3-0.5 About 15 83.1–106.0 0.9–8.7 This work

*LOQ value.

3.3 Application of the proposed method for

determination of fipronil and its metabolites in

commercial edible oil products

The proposed HAS-based SPE coupled with GC–ECD
method was successfully applied to the trace analysis of
fipronil and its metabolites in eleven kinds of vegetable oils
from markets in Wuhan, including two rapeseed oils, two rice
oils, two blend oils, two sesame oils, one peanut oil, one soy-
bean oil, one corn oil. Fipronil ranging from 3.0 to 5.2 �g/kg
was detectable in one rice oils, two blend oils and one corn oil
samples. Multiple reaction monitoring (MRM) acquisition

mode in GC–MS/MS system (Shimadzu GCMS-TQ 8030)
was used for confirmation of structural identity of fipronil.
Two confirmative ion pairs of fiprobil are 366.90>212.90 and
366.90>254.90. The residues of fipronil were confirmed in
four samples by GC–MS/MS method. Fig. 6 showed typi-
cal chromatograms of a positive oil sample in GC–ECD and
GC–MS/MS.

4 Concluding remarks

In this study, the feasibility of SPE based on HAS sorbent
coupled to GC–ECD for quantitative determination of fipronil
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Figure 6. GC–ECD (A) and GC–MS/MS (B) Chromatograms of a positive edible oil sample.

and its metabolites in edible oils was demonstrated. The sam-
pling, washing, and eluting conditions and the amounts of
sorbent were optimized to remove the matrix interferences
as much as possible and obtain high recoveries of target ana-
lytes. Under the optimized conditions, the proposed method
was validated according to linearity, LOD, LOQ, matrix effect,
recovery, and repeatability. Recoveries of analytes spiked at
three different concentration levels were between 83.1 and
106.0% with intraday and interday RSDs below 8.7%. Then
the proposed method was applied to determine fipronil and its
metabolites in 11 kinds of vegetable oils and the detection re-
sults were confirmed by GC–MS/MS. Fipronil ranging from
3.0 to 5.2 �g/kg was detectable in four edible oil samples.
In China, the maximum residue limit (MRL) of fipronil in
some vegetables and maize is 20 and 100 ng/g (GB/T 2763-
2014), respectively. Due to high consumption of edible oil
by humans, the residue of fipronil and its metabolites in the
commercial edible oils might has some potential threat to
human health.
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