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A rapid, e�ective, and reliable method for the simultaneous detection of 20 neonicotinoids and their metabolites in infant foods
has been developed using liquid chromatography-tandem mass spectrometry (HPLC-MS/MS). To improve the accuracy and
precision of the method, di�erent extraction solvents, extraction methods, and adsorbents were evaluated to achieve a better
recovery and clean-up e�ect. Under optimized conditions, the samples were extracted with acetic acid acidi�ed acetonitrile/ethyl
acetate by ultrasonication, and then were cleaned with reduced graphene oxide@Fe3O4 (rGO@Fe3O4) and primary and secondary
amine (PSA) through a QuEChERS step. A matrix-matched calibration method was applied for quanti�cation. Relative standard
deviations were all <15% for intraday and interday precision. �e values of limit of detection and limit of quanti�cation were
ranging from 0.02–0.35 μg·kg−1 and 0.1–1.0 μg·kg−1, respectively. �e presented method was applied to the analysis of
real samples.

1. Introduction

Neonicotinoids generally contain three chemical structures:
N-cyanoamidines, N-nitroguanidines, and nitromethylenes
[1]. �ey are often applied as seed treatments, soil appli-
cation, and foliar spraying to translocate to all plant organs
and thus avoid insect damage [1–3]. Since their invention in
the mid-1990s, neonicotinoids have quickly become widely
used, accounting for 25% of the world’s pesticide market [4].
Even though neonicotinoids provide positive results from a
pest control perspective, their residues’ adverse ecological,
environmental, and public health e�ects in pollen, nectar,
crops, fruits, and vegetables should also be reviewed. Recent
studies have indicated that neonicotinoids can a�ect the
acetylcholine levels of honey bees, resulting in paralysis, loss
of orientation and ¢ight ability, and possibly even death
[5, 6]. Due to their systemic mode of action, approximately
73% of pollen and honey collected from beehives contained
at least one neonicotinoid [7]. Furthermore, neonicotinoids

are highly stable in water and soil and cannot be washed o�
before consumption, potentially endangering human health
[3, 8–10]. A lack of toxicological data makes it di§cult to
fully assess how neonicotinoids a�ect human health. Still,
mammalian studies have shown that neonicotinoids can
severely damage the central nervous system and adversely
a�ect reproduction [10–16]. It is worth noting that some
neonicotinoid metabolites are even more toxic than their
parent compounds [10, 15–17]. With the widespread use of
toxic neonicotinoids and their cumulative e�ects, their
deleterious e�ects on infant brain development deserve
special attention [18]. An FDA dietary study clearly stated
that considerable levels of neonicotinoids were detected
about 6–31% frequency among commercial infant foods
[19]. �erefore, it is critical to establish reliable analytical
methods to detect neonicotinoids and their metabolites in
commercialized infant food.

Several analytical methodologies are commonly
employed to detect neonicotinoid residues in food. �ese
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include high-performance liquid chromatography with ul-
traviolet detection (HPLC-UV) [20–23], high-performance
liquid chromatography-mass spectrometry (HPLC-MS)
[24–27], ion chromatography (IC) [28], gas chromatography
(GC) [29], capillary electrophoresis (CE) [30–32], and
nonchromatographic methods [33–37]. Overall, among
these methods, HPLC-MS is themost commonly used, based
on its reliability, sensitivity, and selectivity. While instru-
ment performance is positively correlated with the accuracy
of the results, sample pretreatment techniques have a much
more major impact. It is no exaggeration to say that the
performance of the analytical instrument will be determined
by whether or not it can be fully utilized.

Although numerous studies have been conducted on
neonicotinoid residues in adult foods, little attention has
been paid to infant foods. *is article aimed to develop a
simple, rapid, and efficient QuEChERS method combined
with HPLC-MS/MS to detect neonicotinoids as well as their
metabolites in infant foods. As far as we know, the present
study is the first to simultaneous determination of 20
neonicotinoid insecticides and their metabolites in infant
foods. Various conditions for sample pretreatment, chro-
matographic separations, and mass spectrometric detection
were investigated and optimized. *is established method
was further validated and applied to real samples.

2. Materials and Methods

2.1. Materials and Chemicals. *e analytical standards of 20
neonicotinoids and their metabolites, including IMI
(≥99.8%), CYC (≥92.7%), THX (≥99.0%), CLO (≥99.8%),
and FLO (≥99.0%), were purchased from Dr. Ehrenstorfer
Gmbh (Germany); 5-OH-IMI (≥99.7%), DN (≥99.0%), UF
(≥99.0%), and TFNG (≥99.7%) from A ChemTek (USA); 6-
CHL (≥99.0%), ACE (≥99.2%), DM-ACE (≥99.5%), THA
(≥99.4%), IMIT (≥98.0%), DM-CLO (≥98.2%), and DNT
(≥99.9%) from Tan-Mo Technology (China); SUL (≥99.0%)
and TFNA-AM (≥99.8%) from CATO Research Chemicals
(USA); IM-1-4 (≥98.0%) AltaScientific (China). Sorbents,
such as neutral alumina (Alumina-N) was obtained from
Kermel (China); graphitized carbon black (GCB), C18
(ODS), primary and secondary amine (PSA), and amino-
propyl (-NH2) from Biocomma (China); silica mesoporous
SBA-15 (Pore size 6–13 nm), and reduced graphene oxide@
Fe3O4 (rGO@Fe3O4) from XFNANO (China); multi-walled
carbon nanotubes (MWCNT) (≥99%) from Tanfeng Tech
(China); Captiva EMR-Lipid from Agilent (USA). HPLC
grade formic acid, acetonitrile, acetic acid, methanol, and
ethyl acetate were acquired from Merk (USA). Deionized
water was produced using a Milli-Q purification system
(Millipore, USA). Infant foods, including vegetable and fruit
cookies, grain rice cereals, and vegetable purees, were
sourced from a local supermarket.

2.2. Standard Solutions. Individual standard solutions of 20
neonicotinoids and their metabolites were prepared by
separately dissolving the technical grade materials in
methanol. Mixed standard solutions containing each target

compound for this study were prepared in a mixture of
appropriate amounts of the individual stock solutions with
10% aqueous acetonitrile (containing 0.1% formic acid). A
series of working solutions (mixed standard solutions and
matrix-matched standard solutions) were prepared at the
concentration of 0.1, 0.2, 0.5, 1, 2, 5, 10, 20, 50, 100, and
150 ug·L−1. All the stock and working standard solutions
were stored at −20°C until further use.

2.3. Sample Preparation. *e representative sample’s aliquot
(4.0 g, wet weight) was initially weighed and transferred into
a 50mL polypropylene centrifuge tube. *en, it was dis-
solved with 4mL of deionized water and extracted with
20mL of acetonitrile/ethyl acetate acidiified with 0.1% acetic
acid (50/50, v/v). Each extraction process should be vortexed
for 30 s and ultrasonicated for 10min and then centrifuged
at 5000 rpm for 10min. Subsequently, 10mL of the upper
extract was collected, transferred into a 15mL glass tube and
concentrated to dryness under a gentle stream of nitrogen.
*e residues were then redissolved with 1mL of 10%
aqueous acetonitrile (containing 0.1% formic acid) and
treated with 40mg PSA, 30mg rGO@Fe3O4 powder, vor-
texed 1min. Take the upper transparent layer to pass
through a 0.22 um nylon membrane for HPLC-MS/MS
analysis.

2.4. LC-MS/MSAnalysis. A 2040CHPLC (Shimadzu, Japan)
coupled with an 8045 triple quadrupole mass spectrometer
(Shimadzu, Japan) was used for sample analysis. Chro-
matographic separation was performed at 30°C on an
InertSustain AQ-C18 column (2.1mm× 100mm, 3.0 um,
Shimadzu, Japan), in which the mobile phase consisted of
5mM ammonium acetate and 0.1% formic acid in water
(mobile phase A) and 0.1% formic acid in acetonitrile
(mobile phase B). *e following gradient program was
developed by applying 5 uL injection volume and 0.3mL/
min flow rate. Starting with 0–10% B in 0.2min, 10–35% B in
2.8min, 35–75% B in 4min, re-equilibration at 10% B for
0.5min, and held at 10% B in 4.5min.

*e MS/MS detection was performed in multiple reac-
tion monitoring (MRM) mode with positive ESI. Data
collection was monitored using the LabSolution Insight
software (5.91), and the optimized source parameters were as
follows:

Interface voltage of 4 kV
Desolvation line temperature of 250°C
Heat block temperature of 400°C
Nebulizer gas (nitrogen) flow at 3 L/min
Drying gas (air) flow at 10 L/min
Heating gas (nitrogen) flow at 10 L/min

3. Results and Discussion

3.1. Optimization of HPLC-MS/MS Conditions.
Multiresidue insecticides detection in complex matrices
requires effective chromatographic separation and sensitive
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mass spectrometric detection. In this regard, instrument
parameters should be optimized to enhance selectivity and
sensitivity.

It was found that the signals of the 20 neonicotinoid
insecticides were more than five times higher in the ESI
positive ion mode compared to the ESI negative ion mode.
*erefore, the protonated molecular ion (M+H)+ was de-
termined for each analyte and used as a precursor ion. A pair
of product ions with the highest abundance and stability was
selected for confirmation, while the ion with the highest
intensity was used for quantification. *e optimized MS [2]
parameters are shown in Table 1.

*e column type, mobile phase, and gradient elution
program are the main factors influencing chromato-
graphic separation. Neonicotinoids are stable and hy-
drophilic under acidic conditions [38]. *erefore, adding
formic acid to the mobile phase will improve the cor-
responding intensity of the target peaks. As such, a
water- and acid-resistant column, InertSustain AQ-C18,
was chosen. *en, three sizes of columns ((a)
2.1 mm × 50 mm; (b) 2.1 mm × 100mm; (c)
2.1 mm × 150 mm) were tested for separation efficiency of
the neonicotinoids. According to the results, the re-
tention time of (a) was too short, causing the neon-
icotinoids to barely separate from the impurities. In (c),
the retention time is too long, which is time-consuming.
Alternative (b) satisfies both separation efficiency and
time-saving requirements and is preferred. In addition,
the influence of the mobile phase composition on the
mass spectrometry signal is evaluated. It was found that
adding a small amount of ammonium acetate to the
aqueous acidic mobile phase could greatly enhance
neonicotinoids signals and decrease noises. And for the
organic mobile phase in terms of sensitivity, acetonitrile
provides sharper peaks and a higher signal-to-noise ratio

than methanol. Altogether, a InertSustain AQ-C18
(2.1 mm × 100mm) column plus mobile phases (A
(H2O + 0.1% formic acid + 5mM ammonium acetate)
and B (acetonitrile + 0.1% formic acid)) were employed
for chromatographic separation.

3.2. Optimization of the Extraction Solvent. *ree different
solvents and six solvent combinations were examined to obtain
satisfactory recoveries of 20 neonicotinoids and theirmetabolites
in vegetable and fruit cookies.*e experiment was conducted as
described in the sample preparation section, but without a clean-
up step. *e average recoveries of 20 neonicotinoids obtained
with methanol ranged from 27%–70%. As for acetonitrile, they
were from 41%–85%. Ethyl acetate provides the data of 20%–
99%. *us, it seems that acetonitrile and ethyl acetate are better
than methanol for most of the analyte. To further select the best
extraction solvent, six different combinations were experi-
mented. *e combination of solvents improved the analytes’
recovery compared to a single solvent, especially the acetonitrile/
ethyl acetate mixture. In total, the average recovery of the 20
neonicotinoids at acetonitrile/ethyl acetate (V/V)� 1 :1 varied
from 47% to 91%, with relatively favorable results. It is worth
mentioning that adding acid to the extraction solvent improves
the analytes’ recovery. With 0.1% addition, acetic acid was more
effective than formic acid (about 8.2%ormore for 6-CHL, IM-1-
4, THX, and TFNG). Finally, a solvent mixture (acetonitrile/
ethyl acetate (V :V)� 1 :1) with the addition of 0.01% acetic acid
was used as the extraction method to perform the analysis.

3.3. Optimization of the Extraction Method. In this study,
under the conditions of acetonitrile-ethyl acetate (1 :1, v/v)
(with 0.01% acetic acid) as an extractant, the effects of
different extraction method (vortex, oscillation, and ultra-
sonic) were compared. *e results reveal that vortex and

Table 1: Mass spectrometry parameters for the analysis of 20 neonicotinoids and their metabolites.

Analytes Precursor ions (m/z) Product ions (m/z) CE (V) Retention time (min)
IMI 256.1 209.1∗, 175.1 −14, −17 6.25
5-OH-IMI 272.1 225.1∗, 134.1 −15, −41 5.42
6-CHL 158.0 122.0∗, 51.1 −21, −36 6.74
NTP 271.1 126.0∗, 225.0 −26, −16 4.77
ACE 223.1 126.1∗, 56.1 −22, −15 6.40
DM-ACE 209.1 126.0∗, 90.1 −17, −33 5.95
IM-1-4 157.1 126.1∗, 73.0 −15, −44 1.82
THA 253.0 126.1∗, 99.0 −20, −43 7.09
IMIT 262.0 181.1∗, 122.1 −17, −30 6.43
CYC 323.1 151.1∗, 276.1 −22, −15 5.56
THX 292.0 211.1∗, 181.1 −11, −23 5.41
CLO 250.0 169.0∗, 131.9 −10, −14 5.91
DM-CLO 236.0 132.0∗, 113.0 −13, −26 5.63
DNT 203.1 129.1∗, 113.1 −12, −10 3.75
DN 158.1 102.1∗, 57.1 −17, −25 1.51
UF 159.1 102.1∗, 67.1 −13, −18 2.12
SUL 278.1 174.0∗, 154.0 −8, −28 7.15
FLO 230.1 203.0∗, 173.8 −16, −19 7.29
TFNG 249.0 148.0∗, 128.0 −33, −35 4.74
TFNA-AM 191.0 98.1∗, 73.1 −30, −31 3.93
∗Quantitation ion.

Journal of Chemistry 3



ultrasonic were superior to oscillation of the three prepa-
ration procedures. To accomplish a relatively good extrac-
tion, two minutes of vortexing and ten minutes of sonicating
were sufficient and extending the extraction duration did not
increase the recovery of neonicotinoids. In terms of mul-
tisample processing, the ultrasonic extraction method ap-
pears to be more favorable. After ten minutes of sonication,
the average recovery of the 20 neonicotinoid insecticides
ranged from 52% to 92%.

3.4. EvaluationofDifferent Sorbents forDispersive Solid-Phase
Extraction Clean-Up in the QuEChERS Method.
Developing a simultaneous multiclass residue analysis ap-
proach requires the extraction and cleaning of pesticides
with various physicochemical properties under the same
conditions. For this purpose, a modified QuEChERS ap-
proach was used in this work since the SPE method could
not identify both 20 neonicotinoids and their metabolites
simultaneously. Given the breadth of available sorbents as
alternatives to the clean-up step, this study examined the
adsorption capability of nine commonly used sorbents
(including alumina-N, GCB, C18, PSA, -NH2, EMR-Lipid,
rGO@Fe3O4, MWCNT, and SBA-15) for 20 neonicotinoids
and their metabolites. It was found that GCB, MWCNT, and
SBA-15 were not suitable for the clean-up sorbent because of
the severe adsorption of certain neonicotinoid insecticides.
*e average recoveries of 20 analytes in blank vegetable and
fruit cookies after being treated with 50mg of the rest six
sorbents (alumina-N, C18, PSA, -NH2, EMR-Lipid, and
rGO@Fe3O4) were calculated. Clearly, rGO@Fe3O4 shows
the best clean-up effect for all the 20 analytes and provides
recoveries from 83%–103%. It is, however, not very practical
to use rGO@Fe3O4 alone for pigment purification, and the
addition of PSA can overcome this difficulty. Using PSA plus
rGO@Fe3O4, the mass sensitivity of 20 analytes to be
measured was improved by 15%. Different doses (20mg,
30mg, 40mg, 50mg, and 60mg) were compared based on
the color shades of vegetable and fruit cookie extracts (1mL)
after the PSA treatment. With an increasing dosage of PSA,
the color of the solution became lighter, and once the dosage
reached 40mg, it was no longer changing. As a result, the
PSA amount was set to 40mg, and various dosage of rGO@
Fe3O4 (20mg, 30mg, 40mg, 50mg, and 60mg) were added
to form a clean-up combination to optimize the purification
method. Once the rGO@Fe3O4 amount was increased from
20mg to 30mg, there was a slight increase in the recoveries
of the 20 analytes. In comparison, increasing the amount
from 30mg to 60mg resulted in an insignificant difference.
In summary, PSA+ rGO@Fe3O4 (40mg+ 30mg) was cho-
sen as the sorbent for the QuEChERS method, and the
average recoveries of the 20 analytes ranged between 78%
and 99%.

3.5.Matrix Effects (ME). *e slope of the solvent calibration
curve and the matrix-matched blank extract calibration
curve were used to determine the ME, according to the
equation: ME (%)� ((the slope of the matrix-matched cal-
ibration curve – the slope of the solvent standard calibration

curve)/the slope of the solvent standard calibration curve)×

100. *is study evaluated the matrix effects of 20 neon-
icotinoids and their metabolites in three common infant
foods (vegetable and fruit cookies, grain rice cereals, and
vegetable purees). Based on the results, the highest ME value
was assigned to grain rice cereals, followed by cookies and
then the purees. By and large, most insecticides demon-
strated strong matrix enhancement (>25%), with IMIT and
DN even exceeding 200%. In order to compensate ME,
matrix-matched calibration standards were used for
quantification.

3.6. Linearity, Limit of Detection (LOD), and Limit of
Quantification (LOQ). A matrix-matched standard solution
(grain rice cereals) was used to test the linearity of each
insecticide. Calibration curves were constructed by plotting
the insecticide/IS peak area ratios against the concentration
of the corresponding calibration standards at several dif-
ferent levels (0.1–150 ug·L−1) (6 replicates per level). For all
20 analytes, regression lines with coefficient of determina-
tion (r2) above 0.99 were obtained. LODs and LOQs of the
present method correspond to the signal-to-noise ratios of 3
and 10, respectively.

3.7. Accuracy and Precision. A recovery rate experiment was
conducted to test the method’s accuracy. Blank samples were
spiked with two levels (1.0 and 10 μg·kg−1) following 6
replications to determine the recovery rate. *e method’s
precision was calculated as the relative standard deviation
(RSD) of the six samples spiked at three concentration levels.
As can be seen in Table 2, the intraday average recovery of all
pesticides ranges from 64%∼108% (vegetable and fruit
cookies), 72%∼105% (grain rice cereals), and 71%∼107%
(vegetable purees), with LOD (0.02–0.35 μg·kg−1) and LOQ
(0.1–1.0 μg·kg−1). *e interday recoveries were from 69%∼
106% (vegetable and fruit cookies), 71%∼107% (grain rice
cereals), and 71%∼103% (vegetable purees) (Table 3). Good
repeatability is demonstrated with RSD<15.0% for all ana-
lytes (Tables 2 and 3). *e results mentioned above indicate
themethod’s simplicity, efficiency, and reliability, as it can be
used to identify 20 neonicotinoids and their metabolites in
infant foods simultaneously.

3.8. Analysis of Real Samples. Although China does not yet
have a national standard detection method for neon-
icotinoid pesticides in infant foods, the national standard
method for neonicotinoid pesticides in fruits and vegetables
(GB/T 20769–2008) would be an ideal control method for
comparison with ours [39]. *e established method and GB/
T 20769–2008 method were applied to test fifteen samples of
infant foods collected from local supermarkets (5 kinds of
cookies, 5 kinds of cereals, and 5 kinds of purees) in order to
ascertain the accuracy of the method. Both methods have
detected acetamiprid in one cookie sample and thiame-
thoxam in one puree sample. As shown in Table 4, each
sample was tested 6 replicates, no significant difference can
be found between the results of the two methods. *is
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Table 2: Recovery rates of all target compounds spiked in three different matrices at two different concentrations (intraday n� 6).

Analytes

Vegetable and fruit cookies Grain rice cereals Vegetable purees
1.0 μg·kg−1 10 μg·kg−1 1.0 μg·kg−1 10 μg·kg−1 1.0 μg·kg−1 10 μg·kg−1

Recovery
(%)

RSD
(%)

Recovery
(%)

RSD
(%)

Recovery
(%)

RSD
(%)

Recovery
(%)

RSD
(%)

Recovery
(%)

RSD
(%)

Recovery
(%)

RSD
(%)

IMI 74 12.7 98 5.2 81 7.3 100 6.9 83 9.3 97 5.7
5-OH-
IMI 79 6.5 78 12.2 78 8.6 86 9.7 80 11.9 86 9.7

6-CHL 75 7.3 104 3.9 69 13.1 86 11.6 71 12.7 84 6.8
NTP 76 11.2 97 7.5 78 10.1 87 8.2 81 8.5 83 8.5
ACE 64 8.4 90 3.5 80 6.8 82 9.5 84 6.1 81 9.5
DM-
ACE 76 11.3 100 7.2 91 8.4 75 7.6 89 7.2 75 10.3

IM-1-4 77 13.3 83 4.5 73 9.7 72 14.6 81 11.3 77 10.0
THA 76 11.2 86 6.6 88 9.2 100 8.5 90 9.5 92 9.0
IMIT 70 11.9 94 6.5 74 10.2 105 9.9 80 11.1 101 6.3
CYC 80 10.6 93 7.4 84 10.1 104 6.8 91 6.3 101 8.2
THX 76 10.6 73 11.0 88 10.1 76 7.5 95 8.7 78 13.0
CLO 70 13.4 99 7.0 80 11.8 105 8.5 82 10.9 107 4.2
DM-
CLO 76 11.7 101 5.2 89 5.1 72 11.2 92 10.9 72 14.1

DNT 84 8.9 73 8.5 72 10.2 73 6.8 78 9.4 77 10.6
DN 82 10.1 91 7.3 81 11.1 82 11.1 83 9.0 72 14.1
UF 64 14.6 88 10.0 77 8.1 99 7.6 84 8.9 101 5.2
SUL 79 8.1 76 7.3 79 4.5 73 12.2 75 11.0 89 6.5
FLO 73 13.3 97 5.6 85 8.7 98 9.4 94 6.3 83 6.3
TFNG 73 6.0 108 6.1 75 6.8 88 9.2 83 8.9 82 7.2
TFNA-
AM 70 13.7 71 10.2 84 3.6 79 9.9 88 9.4 88 12.3

Table 3: Recovery rates of all target compounds spiked in three different matrices at two different concentrations (interday n� 6).

Analytes

Vegetable and fruit cookies Grain rice cereals Vegetable purees
1.0 μg·kg−1 10 μg·kg−1 1.0 μg·kg−1 10 μg·kg−1 1.0 μg·kg−1 10 μg·kg−1

Recovery
(%)

RSD
(%)

Recovery
(%)

RSD
(%)

Recovery
(%)

RSD
(%)

Recovery
(%)

RSD
(%)

Recovery
(%)

RSD
(%)

Recovery
(%)

RSD
(%)

IMI 72 12.7 100 6.4 78 9.8 95 7.8 83 9.2 94 8.3
5-OH-
IMI 79 9.7 76 9.1 79 8.5 89 7.9 80 8.6 86 8.3

6-CHL 82 11.6 103 6.0 71 10.8 87 9.3 73 10.3 85 6.9
NTP 78 8.9 97 6.4 78 10.1 85 8.8 82 9.4 81 9.5
ACE 70 12.5 85 7.6 84 7.7 83 7.9 90 9.2 80 10.2
DM-
ACE 77 9.5 106 6.0 90 7.6 78 9.2 93 8.1 75 9.1

IM-1-4 74 9.6 86 7.1 73 10.2 74 10.9 76 11.0 81 9.9
THA 77 10.3 86 7.5 89 9.8 99 7.0 94 7.5 96 7.7
IMIT 72 9.7 92 6.7 74 8.1 107 7.3 75 9.9 103 6.6
CYC 83 12.1 92 7.3 83 8.7 103 8.1 86 8.2 102 7.5
THX 75 9.1 75 9.4 84 8.4 78 9.2 90 8.8 80 9.5
CLO 69 11.3 98 6.7 81 10.0 103 7.2 87 9.3 103 7.3
DM-
CLO 82 9.7 97 6.3 91 7.4 74 10.2 93 10.1 71 11.8

DNT 84 9.6 75 10.4 73 10.8 73 10.5 79 9.6 73 10.0
DN 80 11.0 94 6.3 80 8.7 81 10.6 86 8.3 74 10.4
UF 70 10.9 88 6.7 81 9.6 98 7.7 85 12.0 98 7.6
SUL 81 7.9 73 8.2 75 9.6 73 11.5 77 9.3 85 7.8
FLO 71 9.7 97 6.1 90 9.1 91 8.3 92 6.8 87 8.8
TFNG 73 9.3 102 6.2 75 8.8 85 9.4 80 10.6 83 9.0
TFNA-
AM 74 10.4 73 8.2 86 7.2 82 9.1 87 8.3 84 9.6
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indicates our method’s sensitivity and stability are good and
that it can be used for the real sample detection.

4. Conclusion

A modified QuEChERS method was developed to simul-
taneously determine 20 neonicotinoids and their metabolites
in infant foods. Nine commonly used sorbents were eval-
uated for their impact on ME. We found that rGO@Fe3O4
hardly interacts with neonicotinoids, but it does a good job
of adsorbing impurities in the matrix. When combined with
PSA, mass spectrometry is significantly more sensitive, as
pigment interference is eliminated. After optimizing the
mass spectrometry parameters, extraction solvent, and ex-
traction method, the present method was able to produce
good recovery and precision for all target compounds. Due
to the preconcentration step and the complete purification of
samples, the LOD of our method is able to reach the ppt
level. It is important to note, however, that some fruits,
vegetables, and rice contain neonicotinoids, which may
cause pesticide residues during processing into infant foods.
It is likely that this is the reason why neonicotinoids are
always at the ppb level when real samples are analyzed. *e
developed method was applied for real sample determina-
tion, and some neonicotinoid pesticides were found to be
detectable, implying that safety test for infant foods should
be taken seriously.
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