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Abstract
residues of 18 fungicides in animal-derived foods (fish, pork, milk, eggs, and pork liver) using high-performance liquid chromatography-triple quadrupole tandem

[ Objectives ] This study was conducted to improve the purification agent combination conditions for QUEChERS and establish a method for detecting the

mass spectrometry. | Methods | The samples were extracted with acetonitrile, purified with 885 mg of magnesium sulfate, 150 mg of PSA (ethylenediamine-N-prop-
ylsilane silica gel) , and 15 mg of GCB ( graphitized carbon black) , and analyzed using ACQUITY UPLC BEH C,q as the chromatographic column with a mobile
phase of acetonitrile-0. 1% formic acid aqueous solution. [ Results] The 18 fungicides showed good linearity in the range of 5.00 - 200.00 wg/L, with correlation
coefficients (R*) greater than 0.991. The limit of quantification (1.OQ) was 0.01 mg/kg. The average recoveries ranged from 63.7% to 117.5% , and the relative
standard deviations (RSDs) were between 0.22% and 6.33% . [ Conclusions ] This method is simple, rapid, and highly accurate, and provides technical refer-
ence for the detection and risk assessment of fungicides in animal-derived foods.
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Fungicides, also known as biocides, bactericidal algaecides,
or antimicrobial agents, generally refer to chemical agents that can
effectively control or kill bacteria, fungi, and algae in water sys-
tems. Internationally, they are commonly used as a general term
for agents that prevent and control various pathogenic microorgan-
isms. Research on their residue levels in vegetables and fruits is
relatively well-established"' | while studies in animal-derived
foods remain at a preliminary stage, and only partial fungicides
have been reported. QuEChERS (quick, easy, cheap, effective,
rugged, safe) is a rapid sample pretreatment technique for agri-
cultural product testing that has emerged in recent years. It was
developed in 2003 by Professor Anastassiades from the U. S. De-
partment of Agriculture. This method is primarily used in combi-
nation with gas chromatography-mass spectrometry ( GC-MS) "™
and liquid chromatography-tandem mass spectrometry ( LC-MS/

MS) 7~ for pesticide residue analysis. It has been applied to de-
10-12] [16-17]

tect residues in milk" tea'® "' plant-derived foods

and animal-derived foods'® !

. In this study, a method for simul-
taneously determining residues of 18 fungicides in animal-derived
foods was developed by optimizing the QuEChERS purification
agent combination and combining it with liquid chromatography-
tandem mass spectrometry ( LC-MS/MS). The approach supple-
ments existing research on fungicides in animal-derived products,
offering a simple, accurate, and reliable analytical technique. It
provides technical reference for the detection and regulation of

fungicide residues in animal-derived foods.
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Materials and Methods

Equipment and agents

Waters Xevo TQ-Micro liquid chromatograph-triple quadru-
pole mass spectrometer with electrospray ionization (ESI) source
( Waters Corporation, USA ); ME203E/02 analytical balance
(Mettler Toledo Instruments ( Shanghai) Co., Ltd.); HI850
centrifuge ( Hunan Xiangyi Centrifuge Instrument Co., TLid.);
GZY-P120-B ultrapure water system ( Hunan Kertone Water Group
Co., Lid.); AutoEVA-60
( Evertech Technology, Guangzhou); VORTEX-6 vortex mixer
(Kylin-Bell Lab Instruments Co. , Ltd. ).

Acetonitrile (HPLC grade) ; formic acid (HPLC grade) ; so-
dium chloride ; magnesium sulfate (analytical grade) ; PSA (eth-

automated parallel concentrator

ylenediamine-N-propylsilane silica gel) ; GCB ( graphitized carbon
black) ; C; (octadecylsilane-bonded silica gel ) adsorbent; 0. 22
pwm organic filter membranes ( ANPEL Laboratory Technologies
Inc. , Shanghai) ; ultrapure water prepared using the GZY-P120-B
water purification system; carbendazim, ametoctradin, triadime-
fon, triadimenol, imazalil, flutriafol, tebuconazole, dimethomor-
ph, trifloxystrobin, mandipropamid, metalaxyl, flusilazole, fen-
buconazole, propiconazole, penthiopyrad, isopyrazam, pro-
chloraz, and difenoconazole, all purchased from GRG Metrology &
TEST (Hunan) Co. , Ltd.
Preparation of standard solutions  Preparation of standard
stock solution: An appropriate amount of each reference standard
was accurately weighed into a 10 ml volumetric flask, and diluted
to constant weight with acetonitrile to obtaine a stock solution with
a concentration of 1.00 mg/L, which was cold-stored at 0 —4 °C.
Preparation of mixed standard working solution: A specific
volume of the standard stock solutions or standard solutions were
precisely transferred into a 10 ml volumetric flask, and diluted to

constant volume with acetonitrile to obtain an intermediate



10 Agricultural Biotechnology 2025

standard solution with a concentration of 1. 00 pg/L, which was
stored at 0 —4 °C.

Preparation of matrix-matched standard working solutions:
An appropriate volume of the mixed standard working solution was
accurately transferred into six portions of pre-extracted and puri-
fied blank matrix, respectively. After evaporation with nitrogen
gas to dryness in a water bath, 1 ml of acetonitrile was added to
each sample, which was then vortexed for dissolution, resulting in
matrix-matched standard working solutions with concentrations of
10, 20, 50, 80, 100, and 200 ng/ml.
Experimental Methods
Sample Preparation

and bones were removed, and a 200 g of edible sample including

Fish meat: The head, internal organs,

skin and muscles was homogenized and cryopreserved in a polyeth-
ylene bottle. Eggs: Fifteen eggs were shelled, homogenized, and
thoroughly mixed. The egg liquid was cryopreserved in a polyethy-
lene bottle. Milk: A 200 ml of milk sample was thoroughly mixed
and cryopreserved in a polyethylene bottle. Pork and pork liver: A
200 g of muscle or internal organ sample was homogenized and
cryopreserved in a polyethylene bottle.

Sample pretreatment A 2 g of sample was weighed into a 50 ml
centrifuge tube. Then, 4 g of sodium chloride and 20 ml of aceto-
nitrile were added, followed by vortex mixing for 1 min. The mix-
ture was subjected to ultrasonic extraction for 30 min and centri-
fuged at 4 000 r/min for 5 min. An 8 ml aliquot of the supernatant
was transferred to a 15 ml plastic centrifuge tube containing 885
mg of anhydrous magnesium sulfate, 150 mg of PSA and 15 mg of
GCB. The mixture was vortexed for 1 min and centrifuged at 4 000
r/min for 5 min. A 5 ml portion of the supernatant was evaporated
to near dryness with nitrogen gas. The residue was reconstituted in
2 ml of acetonitrile, thoroughly mixed, and filtered through a
membrane for instrumental analysis.

Instrumental conditions

Chromatographic conditions A C; column (1.8 pm, 2.1 x
100 mm) was used for HPLC separation. The separation was per-
formed with an injection volume of 10 pl using 0. 1% formic acid
aqueous solution as mobile phase A and acetonitrile as mobile
phase B at a flow rate of 0.4 ml/min and a column temperature of

40 C. The gradient elution program is shown in Table 1.

Table 1 Gradient elution program for the mobile phase

Time // min 0.1% formic acid aqueous solution Acetonitrile
0 90 10
0.50 90 10
1.00 80 20
2.50 10 90
4.00 10 90
4.20 90 10
5.00 90 10

MS conditions

ture; ESI, 150 °C ; ionization mode; positive/negative switching;

MS conditions; lon source type and tempera-

curtain gas: 30 psi; ionization voltage: 5 500 V; desolvation tem-
perature; 550 °C ; nebulizer gas: 55 psi; auxiliary heater gas; 55

psi; acquisition mode; multiple reaction monitoring (MRM). De-
tailed MS parameters are listed in Table 2.

Table 2 MS parameters of the 18 fungicides

Ttem Parent Daughter Declustering Collision
ion//m/z ion//m/z voltage // V voltage // V
Carbendazim 192.1 132.1 30 28
160.1* 30 18
Ametoctradin 276.1 175.9* 60 30
149.1 60 35
Triadimefon 294.1 197.1* 14 15
225.1 14 8
Triadimenol 206. 1 70.0 ¢ 10 12
227 10 9
Imazalil 297.1 159.0" 18 23
201 18 16
Flutriafol 302.1 109 25 32
123.0* 25 27
Tebuconazole 308.2 70.0" 36 15
125 36 26
Dimethomorph 388.1 165.1 45 21
301.1*° 45 13
Trifloxystrobin 409. 1 145 14 45
186.1" 14 15
Mandipropamid 412.1 328.0" 30 15
356 30 8
Metalaxyl 280. 1 192.1 30 17
220.1" 30 13
Flusilazole 316.1 165.1* 28 19
247 28 13
Fenbuconazole 337.1 70.0* 13 22
125 13 37
Propiconazole 342.1 123 18 56
159.0" 18 32
Penthiopyrad 360. 1 256 16 16
276.0 " 16 10
Isopyrazam 360.2 244.1* 14 16
340.2 14 12
Prochloraz 378.1 70.1°* 30 25
310.1 30 20
Difenoconazole 406. 1 251 13 22
337.0" 13 13

# indicates quantitative ions.

Matrix effect
In MS quantitative analysis, interference from other compo-
nents in the sample may lead to deviations in the results for target
analytes. The evaluation method for matrix effect in this study is
shown in Formula 1.
x:‘(bi—l)xloo‘ (1)
1
In the formula, x is the absolute value of matrix effect (% ) ;
b is the slope of matrix-matched standard curve; and b, is slope of
solvent standard curve. For the classification of matrix effect, x >
50% indicates strong matrix effect; 20% <x <50% indicates

moderate matrix effect; and x <20% indicates weak matrix effect.
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Data processing

MassLynx software was used for instrument signal analysis.
Quantification was performed using the peak areas of fungicide
quantitative ions with the external standard method.

Results and Discussion
Optimization of chromatographic conditions

Chromatographic columns determine the resolution between
target compounds. Columns with different stationary phases exhibit
varying separation efficiency and sensitivity for substances. Even
columns with the same stationary phase may demonstrate different
separation performances for identical compounds due to manufac-
turing process variations among different manufacturers. In this
study, the peak profiles of 18 fungicides on following three chrom-
atographic columns were compared: ACQUITY UPLC BEH Cj
(1.7 pum, 2.1 mm x100 mm) , SHIMSEN Ankylo C,;-NC (2.6 um,
2.1 mm x 100 mm) , and Kinetex Cj4 (2.6 pm, 2.1 x100 mm).
The 50 ng/ml intermediate standard solution was analyzed using
0.1% formic acid aqueous solution and acetonitrile as mobile pha-
ses with gradient elution. The results indicated no difference in
the elution order of the 18 fungicides on different chromatographic
columns, though slight variations in retention time were observed
for certain compounds. When using the ACQUITY UPLC BEH C,q
column, penthiopyrad, ametoctradin, mandipropamid, and isopy-
razam exhibited narrower peak widths, while propiconazole,
metalaxyl and triadimenol showed the largest peak areas and high-
est sensitivity. Consequently, the ACQUITY UPLC BEH Cj col-
umn was selected for the residual analysis of these 18 fungicides.
Optimization of QUEChERS conditions

PSA  ( ethylenediamine-N-propylsilane silica gel ), GCB
(graphitized carbon black) and C, (octadecylsilane-bonded silica
gel) are currently the most commonly used adsorbent materials for
impurity purification in QuEChERS methods, primarily employed
to remove interfering substances such as organic acids, pigments,
and sugars. While these adsorbent materials effectively capture
impurities, they may also potentially adsorb target analytes. In
this study, the adsorption effects of PSA, C;; and GCB on target
compounds were investigated. First, 10 ml of mixed fungicide
working solution with concentration of 20 ng/ml was prepared.
Next, 1.5 ml aliquots were transferred into three 2 ml centrifuge
tubes containing 10 mg of PSA, C,5, or GCB, respectively. After
purification and centrifugation, the concentrations of target com-
pounds were determined. The experimental data are shown in Fig.
1. The results demonstrated that C 4 showed varying degrees of ad-
sorption towards ametoctradin and penthiopyrad, while PSA and
GCB exhibited minimal adsorption effects on the target com-
pounds. Consequently, the combination of PSA and GCB was se-
lected as the optimal adsorbent purification materials.
Matrix effect

Negative samples of grass carp, milk, eggs, pork liver and
pork were selected. Matrix-matched standard curves were prepared
following the sample pretreatment method described in section
“Sample pretreatment” and analyzed simultaneously with solvent
standard curves. The test results are presented in Table 3.
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Fig. 1 Recovery data of different purification reagents
Table 3 Matrix effects of 18 fungicides in different matrices %
Fungicide Grass carp  Pork Egg Milk Pork liver
Metalaxyl 61 60 64 62 61
Prochloraz 73 76 76 73 75
Carbendazim 94 94 94 94 94
Ametoctradin 70 70 75 73 71
Mandipropamid 79 79 81 79 78
Penthiopyrad 32 34 31 24 32
Isopyrazam 47 38 48 48 39
Difenoconazole 29 51 23 13 47
Propiconazole 29 27 23 24 24
Flusilazole 45 47 44 43 40
Fenbuconazole 42 40 40 37 36
Triadimenol 84 80 79 80 83
Triadimefon 50 54 52 53 50
Trifloxystrobin 57 44 46 52 49
Tebuconazole 69 56 65 66 58
Dimethomorph 65 65 67 64 67
Imazalil 58 58 58 56 57
Flutriafol 59 63 59 59 57

As shown in Table 3, the absolute values of matrix effects for
18 fungicides in different matrices were generally greater than
20% , indicating that the matrices significantly influenced the ac-
curacy of quantitative analysis. Twelve fungicides exhibited strong
matrix effects, with carbendazim showing the most pronounced
effect (absolute values >90% in all cases). Six fungicides dem-
onstrated moderate matrix effects. Therefore, in this study, ma-
trix-matched standard curves were employed to calibrate the con-
tents of target analytes, so as to minimize the impact of matrix
effects to the greatest extent.
Limits of detection, limits of quantitation and linear ranges

Five different types of blank samples (fish, milk, eggs, pork
liver, and pork) were selected to prepare matrix-matched standard
curves following the sample pretreatment method described in sec-
tion “Sample pretreatment”. The results demonstrated good linear-
ity for all 18 fungicides within the range of 5. 00 —200. 00 wg/L,
with correlation coefficients (R*) exceeding 0.991. The limits of
detection (LODs) and quantification (LOQs) were calculated based
on the signal-to-noise ratio (S/N) at the lowest spiked concentration.
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Table 4 Recovery and precision data of 18 fungicides (n =6) %
Spiked Grass carp Pork Egg Milk Pork liver
Fungicide concentration
we/ke Recovery RSD Recovery RSD Recovery RSD Recovery RSD Recovery RSD
Metalaxyl 20 90. 1 1.21 85.6 2.31 103.4 2.76 97.2 0.97 95.0 2.51
50 93.0 2.13 95.6 0.54 97.1 3.97 101.7 3.87 99.6 5.42
100 84.8 3.54 87.2 1.65 100.2 4.69 94.0 2.98 95.5 4.30
Prochloraz 20 90.6 2.05 83.7 0.89 117.2 5.30 107.3 1.03 102.1 2.19
50 110.8 3.54 108. 1 0.33 97.3 0.98 90.4 1.89 115.9 0.59
100 86.4 4.30 105.8 1.37 91.6 6.33 97.6 1.57 103.2 4.32
Carbendazim 20 73.3 1.09 103.8 2.87 84.5 1.07 92.5 1.86 117.5 1.98
50 96.7 0.93 99.8 2.69 84.4 4.34 109.5 0.68 84.2 2.59
100 78.8 5.01 81.7 4.82 90.8 2.69 96.6 4.69 100.5 0.48
Ametoctradin 20 89.6 2.98 80.0 2.60 96.8 5.39 111.3 2.89 93.0 2.86
50 92.2 3.22 99.9 5.39 90.0 6.01 101.9 2.95 88.6 1.78
100 89.7 1.93 87.0 4.38 82.8 3.21 85.5 0.58 94.8 2.85
Mandipropamid 20 90.0 2.67 98.5 2.35 95.1 3.27 104.8 1.35 102.8 3.21
50 114.9 3.25 97.7 4.68 80.9 3.88 100.6 1.66 68.4 3.86
100 101.4 1.11 111.7 3.29 81.8 3.90 72.5 1.23 93.8 1.93
Penthiopyrad 20 83.5 4.20 92.1 4.32 77.8 0.79 85.9 3.93 92.2 1.11
50 90.8 3.28 103.4 2.14 71.9 1.53 88.3 3.01 95.8 2.78
100 82.9 1.89 97.9 4.27 82.8 1.25 88.8 2.86 97.5 5.32
Isopyrazam 20 96.3 4.29 85.7 2.25 83.2 5.35 98.1 0.22 102.1 3.20
50 93.2 3.68 94.5 3.67 63.7 4.21 91.4 1.38 102.2 4.81
100 93.0 1.18 90.3 2.84 80.7 3.06 9.9 0.91 94.7 2.39
Difenoconazole 20 96.0 1.64 88.2 0.33 75.9 4.26 106.9 4.26 100. 1 0.57
50 108.5 1.84 79.7 2.41 64.2 3.63 102.2 2.64 100.3 3.75
100 107.2 1.25 83.1 5.31 81.2 5.31 113.3 3.16 103. 1 3.84
Propiconazole 20 85.3 1.43 9.1 2.53 83.7 3.16 98.9 2.67 96.2 3.57
50 97.0 2.87 105.0 1.52 65.9 3.27 88.9 3.75 92.5 4.86
100 96.8 1.56 93.7 2.65 83.5 0.53 92.7 2.65 97.1 4.39
Flusilazole 20 83.4 3.21 94.2 2.56 87.6 4.13 99.3 1.76 93.5 2.78
50 102.6 2.85 111.0 1.78 77.8 6.33 96.9 2.98 92.4 1.85
100 96.3 1.04 93.5 3.67 89.9 4.36 95.3 3.56 93.4 0.56
Fenbuconazole 20 91.8 0.49 90.7 3.89 90.7 3.61 98.1 2.16 99.1 3.17
50 101.8 1.02 111.2 5.75 79.8 3.69 100. 1 4.38 100.9 3.75
100 97.5 0.84 93.6 2.68 93.7 4.21 91.6 1.97 100. 1 2.17
Triadimenol 20 114.6 1.28 86.0 0.31 113.9 5.31 112.6 1.69 93.1 4.64
50 103.8 0.79 83.9 1.75 106.4 3.78 70.5 4.85 80.9 2.16
100 111.5 1.23 100.6 2.09 107.5 1.22 93.0 2.64 108.9 2.78
Triadimefon 20 82.3 1.29 83.5 1.76 94.4 0.63 105.2 4.21 91.6 3.16
50 96.3 1.86 103. 1 3.42 76.0 1.74 90. 1 3.68 93.3 2.11
100 85.7 1.46 90.9 1.37 85.6 1.89 95.8 1.52 104.7 3.18
Trifloxystrobin 20 90.4 0.76 98.2 0.53 66.9 1.33 95.8 1.85 108.2 2.61
50 101.0 4.39 92.1 1.36 72.9 3.15 93.7 1.35 90.6 2.63
100 99.8 1.90 94.9 5.31 69.0 4.26 88.3 3.16 99.5 4.12
Tebuconazole 20 89.0 3.20 94.7 3.13 90.1 3.16 90.8 2.75 81.6 1.78
50 109.2 1.96 97.4 2.16 78.4 4.22 82.2 1.44 101.5 1.69
100 91.5 0.48 95.3 2.68 88.1 4.86 90.9 0.89 84.3 2.55
Dimethomorph 20 90. 1 0.88 85.6 2.41 106.8 2.31 100.8 3.57 92.3 2.14
50 93.0 2.87 97.5 4.15 84.2 2.86 92.8 3.61 96.5 2.16
100 83.8 2.59 90.8 3.27 97.0 2.57 85.3 2.15 9.7 4.62
Imazalil 20 101.2 4.38 87.8 1.76 109.1 2.53 95.9 2.17 104.0 3.11
50 101.8 3.86 100.5 2.86 99.3 3.16 100.0 3.76 92.0 1.64
100 94.4 1.77 92.8 1.88 94.7 0.43 95.2 4.86 81.8 1.89
Flutriafol 20 90.9 0.58 89.4 2.16 92.3 1.42 9.6 1.26 88.5 0.64
50 94.3 1.59 84.2 2.44 97.6 1.66 92.1 1.32 84.3 2.53
100 85.7 0.64 95.3 1.80 91.3 3.74 96.5 3.22 92.5 2.63
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The LODs (S/N=3) and LOQs (S/N=10) for the 18 fungicides
were determined to be 0.003 and 0.01 mg/kg, respectively. The
LOQs of the method met the requirements of GB 2763-2021 Na-
tional Food Safety Standard—Maximum Residue Limits for Pesti-
cides in Food for the maximum residue limits of fungicides in ani-
mal-derived foods.
Accuracy and precision

Standard solutions were spiked into blank samples at three
concentration levels (2 x LOQ, 5 x LOQ, and 10 x LOQ) , and
each level was determined in parallel for 6 times. The detailed da-
ta are shown in Table 4. The results demonstrated that the 18 fun-
gicides showed average recovery values ranging from 63. 7% to
117.5% , with relative standard deviations ( RSDs) between
0.22% and 6.33% . Both the recovery and precision values met
the requirements for pesticide residue analysis methods.
Analysis of actual samples

A total of 80 commercial samples ( including perch, grass
carp, crucian carp, pork, pork liver, milk, and eggs) were ran-
domly collected from local farmers’ markets, supermarkets, and
grocery stores. The established method was applied to analyze the
residues of 18 fungicides in these samples. All test results were

negative.

Conclusions and Discussion

In this study, optimal purification reagents were identified
through investigation of different purification material combinations,
and the chromatographic column with optimal peak shape and reso-
lution was selected by comparing various columns. Additionally,
matrix effects were evaluated. The results demonstrated significant
matrix effects, and matrix-matched curves should be drawn to carry
out methodological research. The developed method demonstrated
satisfactory accuracy and precision meeting relevant standard re-
quirements. This rapid and accurate method enables testing person-
nel to efficiently and precisely conduct batch detection of fungicide
residues in animal-derived foods, while also providing technical ref-

erence for fungicide regulation and risk assessment.
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