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Abstract A rapid multi-analyte method has been devel-
oped for the simultaneous determination of pesticides and
mycotoxins in milk by ultra high-performance liquid
chromatography coupled to triple quadrupole mass
spectrometry (UHPLC–QqQ–MS/MS). A variety of
methodologies has been evaluated, including solid-phase
extraction (SPE), “dilute-and-shoot” (liquid–liquid
extraction-based procedures), and QuEChERS (quick,
easy, cheap, effective, rugged, and safe)-based methods.
The optimization and development process was carried
out considering that the maximum residue level for
aflatoxin M1 (AFM1) in milk in the European Union
(EU) is set at 0.05 μg kg−1, which is the lowest tolerance
in the target compounds. The selected method consisted of
an extraction by SPE using C18 as sorbent and methanol
as elution solvent. The final determination was performed
by UHPLC–QqQ–MS/MS. Matrix-matched standard calibra-
tion was used for quantification, obtaining recoveries in the
range 60–120% with relative standard deviations <25%, at
three spiking levels: 0.5, 10, and 50 μg kg−1 (ten times lower

for AFM1). Limits of quantification ranged from 0.20 to
0.67 μg kg−1, which were always below or equal to the
established tolerance levels by the EU. Finally, the selected
method was applied to different types of milk.
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Introduction

Milk and dairy products are essential in the human diet due
to their important nutritive qualities (i.e., they represent the
main source of calcium necessary for the human growth)
[1]. However, the consumption of these products is not free
from the risk of exposure to harmful compounds, such as
pesticides and mycotoxins. It is well known that pesticides
are synthetic products used for the management of pests in
agricultural production and for the control of animal
parasites, whereas mycotoxins are toxic natural secondary
metabolites generated under special environmental conditions
by the metabolism of certain fungus, such as Fusarium,
Aspergillus flavus, Aspergillus nomius, and Aspergillus
parasiticus [2]. These organisms can grow in food products
(especially cereal crops) as a consequence of storage and/or
food processing. Therefore, they can reach the food chain
through the consumption of contaminated fodder, pastures,
or feed by livestock [3, 4]. The presence of mycotoxins and
pesticides may constitute a serious problem for human
health, due to the high toxicity and harmful effects to the
human system [5, 6], such as the carcinogenic effect
observed for some of them [2, 7].
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Among all mycotoxins that can appear in animal feed,
aflatoxins are the most relevant compounds because they
are most likely to be found in milk. Within this group, the
main concern in milk is aflatoxin M1 (AFM1), which is the
major metabolite of aflatoxin B1 (AFB1). This mycotoxin
is poorly degraded in rumen microorganisms, and it is
mainly metabolized in the liver into AFM1 [2], which
shows resistance to the pasteurization process, and
therefore, it can appear in ultra high temperature (UHT)
milk [7]. In spite of AFM1 having the highest probability
to be detected in milk, other mycotoxins can be transferred
to milk, such as HT-2 toxin, T-2 toxin, and ochratoxin A
[8–10].

Consequently, in order to ensure milk safety, the US
Food and Drug Administration (FDA) and the European
Union (EU) have established maximum residue levels
(MRLs) for pesticides [11] and AFM1 [12, 13], although
for other mycotoxins, such as some aflatoxins (G1, G2, B1,
and B2), MRLs have not been set in this food commodity.
Furthermore, it is important to notice that the MRL
established by the EU for AFM1 (0.05 μg kg−1) is
extremely low, and it is further below the tolerance set by
the FDA (0.50 μg kg−1).

In order to allow an extensive and effective control of
the occurrence of pesticides and mycotoxins in milk, a
number of sensitive and reliable methodologies have been
developed for the analysis of each group of contaminants
separately. One of the main difficulties related to the
determination of these analytes in milk is its high fat and
protein content that can often interfere in the analytical
determination. For this reason, sample extraction can result
long and tedious, involving several clean-up steps to
remove the co-extracted material from the matrix.

The methods described in literature for the extraction
of mycotoxins from milk utilized different extraction
techniques, such as liquid–liquid extraction (LLE) [9],
solid-phase extraction (SPE) [14, 15], or LLE followed by
a SPE clean-up step [10]. The use of SPE with
immunoaffinity sorbents has often been used in mycotoxin
extraction [8, 16] and for clean-up purposes [8, 17]. These
extraction methods normally include a pre-concentration
step due to the low MRLs for mycotoxins and especially
for AFM1 in milk.

Although conventional techniques, such as SPE [5, 18]
and LLE [19], have also been described for the extraction
of pesticides from milk, several approaches applying other
techniques have been evaluated, such as matrix solid-phase
dispersion (MSPD) [20], dispersive solid-phase extraction
(D-SPE) [21], liquid-phase microextraction (LPME) [22],
and solid-phase microextraction (SPME) [23]. Among all
procedures employed for the extraction of pesticides, the

QuEChERS method (acronymic name from quick, easy,
cheap, effective, rugged, and safe) [24], which was
originally developed for the extraction of pesticides from
fruits and vegetables, has been employed in many other
matrices, such as olive oil or fruit juices [25, 26].
Nevertheless, it has not been employed in the extraction
of pesticides from milk so far.

As a general rule, the control of these two groups of
undesirable substances in milk would involve the perfor-
mance of two different analyses for each group, requiring
extra efforts, causing an increase in the analysis time and
affecting sample-throughput. In this sense, there is a current
trend for the development of multi-analyte methods able to
analyze several classes of compounds simultaneously.
Obviously, the increase in the scope of the methods
benefits to the sample throughput since a high number of
compounds can be determined in a single analysis.
Nevertheless, the physicochemical properties of the
compounds included in each group of contaminants can
have very different results, hindering the development of
single adequate extraction procedures. In the area of
mycotoxins and pesticides, only two papers have been
focused on a simultaneous determination in food. Lacina
et al. [27] developed a method for the analysis of
pesticides and mycotoxins in cereals (22 mycotoxins and
222 pesticides were evaluated), and Mol et al. [28]
developed a generic extraction method for pesticides,
natural toxins, and veterinary drugs in different food
matrices, including milk (20 mycotoxins and 172 pesti-
cides were evaluated). Despite of the high number of
compounds covered by this last method, AFM1 was not
included in the study.

With regard to the separation and detection technique,
liquid chromatography coupled to tandem mass spectrometry
detection (LC–MS/MS) is widely applied for the deter-
mination of mycotoxins and pesticides. Besides, ultra
high-performance liquid chromatography (UHPLC)
presents several benefits in the development of multi-
analyte analysis, such as reduction of the running time or
improvement in sensitivity and peak resolution. Some
applications of this technique have been reported for
determination of mycotoxins [29, 30] and pesticides
[26, 31] in the food field, but its application in generic
determinations is still very scarce [28].

The aim of this work is the combination of an easy
extraction methodology with appropriate LC conditions
in order to have a simple and fast method for the
simultaneous analysis of mycotoxins and pesticide
residues in milk. To achieve this goal, several multi-
residue or multi-analyte methods have been tested using
UHPLC coupled to triple quadrupole MS/MS (UHPLC–
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QqQ–MS/MS) for the final determination. The final
optimized method has been validated in order to ensure
the adequate analysis of AFM1 in milk together with the
other target compounds.

Materials and methods

Reagents and chemicals

Aflatoxins B1, B2, G1, and G2 pure standards and stock
solutions of AFM1 and HT-2 toxin (in acetonitrile) were
purchased from Sigma-Aldrich (Madrid, Spain). Ochratoxin
A and T-2 toxin were obtained from Biopure (Tulln,
Austria). Pesticide standards (purity>99%) were purchased
from Dr. Ehrenstofer (Augsburg, Germany) and Riedel-de-
Haën (Seelze-Hannover, Germany). Individual stock
solutions of 200 mg L−1 of all standards were prepared
by exact weighing of powder or liquid and dissolved in
50 mL of HPLC-grade acetonitrile for mycotoxins (J.T.
Baker, Deventer, Holland) or HPLC-grade methanol for
pesticides (J.T. Baker). Two working standard solutions
(2 mg L−1) were prepared from the stock solutions in
acetonitrile (mycotoxins) and methanol (pesticides). A final
working standard solution of pesticides and mycotoxins at a
concentration of 1 mg L−1 (except for AFM1, which was
0.1 mg L−1) was prepared from the aforementioned working
standard solutions.

Ammonium formate was obtained from Panreac (Barcelona,
Spain). Ultrapure water was obtained from a Milli-Q gradient
water system (Millipore, Bedford,MA, USA). Ethyl acetate, n-
hexane, and dichlorometane were purchased from J.T. Baker,
and acetone was obtained from Fluka (Seelze, Germany).
Oasis HLB SPE (200 mg/6 cm3) and C18 Sep-Pak (200 mg/
3 cm3) cartridges were purchased from Waters (Milford,
MA, USA), while BondElut Jr florisil cartridges (500 mg)
were provided by Varian (Harbor City, CA, USA). These
cartridges were used in clean-up stages and SPE procedures.
Anhydrous magnesium sulfate, sodium chloride, and sodium
acetate were purchased from Panreac. Sodium citrate dibasic
sesquihydrate was obtained from Sigma-Aldrich, and sodium
citrate dihydrate was obtained from J.T. Baker.

A vortex mixer (model Reax 2000), a rotary agitator
(model Reax-2, end-over-end) from Heidolph (Schwabach,
Germany), and an analytical AB204-S balance (Mettler
Toledo, Greinfesee, Switzerland) were also used. Millex-
GN nylon filters (0.20 μm, Millipore, Carrightwohill,
Ireland) were used for filtration of sample extracts. An
extraction manifold from Waters connected to a Büchi Vac
V-500 (Flawil, Switzerland) vacuum system was used for
SPE experiments.

UHPLC–QqQ–MS/MS analysis

Chromatographic analyses were performed using an
Acquity UPLC™ system, and separations were carried
out using an Acquity UPLC™ BEH C18 column (100×
2.1 mm, 1.7 μm particle size) from Waters. The C18
column was equilibrated at 30 °C. The analytes were
separated with a mobile phase consisting of methanol
(eluent A) and an aqueous solution of ammonium formate
5 mM (eluent B) at a flow rate of 0.35mLmin−1. The analysis
started with 25% of eluent A, which was increased linearly
up to 100% in 3.75 min; this composition was held for
1.25 min before being returned to 25% of eluent A in
0.5 min, followed by a re-equilibration time of 1 min (total
run time, 6.5 min). The injection volume was always 5 μL.

MS/MS analysis was carried out using a Waters Acquity
TQD tandem quadrupole mass spectrometer (Waters,
Manchester, UK). The instrument was operated using
an electrospray source in positive mode (ESI (+)). ESI
parameters were as follows: capillary voltage, 3.5 kV;
extractor voltage, 3 V; source temperature, 120 °C;
desolvation temperature, 350 °C; cone gas (N2) flow,
80 Lh−1; and desolvation gas (N2) flow, 600 Lh−1.
Collision-induced dissociation was performed using argon
as the collision gas at a pressure of 4×10−3 mbar in the
collision cell. The specific MS/MS parameters for each
compound are shown in Table 1. Data acquisition was
performed using MassLynx 4.0 software with QuanLynx
program (Waters).

Sample preparation

Method A: QuEChERS method using citrate buffer Ten
milliliters of milk was weighed into a 50-mL polypropylene
centrifuge tube, and 10 mL of acetonitrile (1% acetic acid,
v/v) was added [32]. The mixture was shaken in the vortex
for 1 min. Then, 4 g of anhydrous magnesium sulfate, 1 g
of sodium chloride, 1 g of sodium citrate dehydrate, and
0.5 g of disodium hydrogencitrate sesquihydrate were
added. The tube was shaken vigorously for 1 min and
centrifuged for 5 min at 5,000 rpm (4,136×g). An aliquot
(2 mL) of the acetonitrile layer was filtered through a nylon
filter and transferred into an autosampler vial for injection
into the UHPLC–QqQ–MS/MS system. Despite the con-
ventional QuEChERS implying a dispersive SPE clean-up
step, using primary secondary amine as sorbent material, in
this work, this step was avoided.

Method B: QuEChERS method using acetate buffer This
was the same as the previous method A, but with 1 g of
sodium acetate instead of 1 g of sodium chloride, 1 g of
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Table 1 Retention time windows (RTWs) and MS/MS parameters of the selected pesticides and mycotoxins

Compound RTW (min) Cone voltage (V) Quantification transition (m/z)a Confirmation transition (m/z)a Dwell time (s)

Propamocarb 1.20–1.27 20 189.1>74.0 (23) 189.1>101.9 (17) 0.050

Pymetrozine 1.40–1.46 28 218.2>105.0 (18) 218.2>79.1 (35) 0.050

Methomyl 1.45–1.53 15 163.1>88.1 (8) 163.1>106.1 (8) 0.015

Thiamethoxam 1.50–1.61 25 292.1>181.2 (25) 292.1>132.0 (25) 0.015

Monocrotophos 1.55–1.63 15 224. 1>127.0 (14) 224.1>193.1 (8) 0.015

Quinmerac 1.55–1.69 25 222.2>204.2 (15) 222.2>141.1 (30) 0.015

2,6-Dichlorobenzamide 1.72–1.80 30 190.0>173.1 (16) 190.0>145.0 (26) 0.015

Atrazine desisopropyl 1.78–1.86 35 174.1>132.2 (15) 174.1>104.1 (25) 0.050

Imidacloprid 1.82–1.90 30 256.1>175.2 (17) 256.1>209.1 (17) 0.050

Tifensulfuron methyl 2.00–2.10 20 388.2>167.2 (20) 388.2>141.1 (20) 0.050

Metamitron 2.02–2.15 18 203.3>175.2 (15) 203.3>104.0(25) 0.015

Vamidothion 2.04–2.08 15 288.2>146.0 (13) 288.2>118.0 (20) 0.015

Chloridazon 2.11–2.21 30 222.0>92.0 (30) 222.0>104.0 (30) 0.015

Acetamiprid 2.12–2.14 30 223.1>126.0 (20) 223.1>56.1 (20) 0.015

Chlorsulfuron 2.17–2.23 30 358.2>141.2 (20) 358.2>167.1 (20) 0.015

Cinosulfuron 2.21–2.28 25 414.2>183.1 (15) 414.2>157.1 (15) 0.015

Triasulfuron 2.22–2.32 30 402.4>167.2 (16) 402.4>141.1 (22) 0.015

Carbendazim 2.30–2.40 20 192.3>160.2 (17) 192.3>132.1 (30) 0.015

Desethyl atrazine 2.31–2.41 20 188.2>146.1 (20) 188.2>104.0 (30) 0.015

Thiacloprid 2.34–2.37 35 253.1>126.1 (22) 253.1>186.2 (14) 0.015

Aflatoxin G2 2.37–2.41 60 331.4>313.5 (25) 331.4>245.3 (30) 0.015

Aflatoxin M1 2.41–2.49 50 329.4>273.5 (25) 329.4>259.3 (20) 0.015

Aflatoxin G1 2.51–2.55 45 329.2>311.4 (25) 329.2>243.1 (25) 0.015

Metoxuron 2.56–2.58 30 229.1>72.0 (23) 229.1>156.1 (17) 0.015

Aldicarb 2.58–2.61 15 208.2>116.1 (8) 208.2>89.1 (15) 0.015

Aflatoxin B2 2.61–2.67 50 315.2>259.2 (30) 315.2>243.3 (35) 0.015

Iodosulfuron methyl 2.63–2.67 25 530.4>163.2 (16) 530.4>390.2 (16) 0.015

Thiabendazole 2.68–2.71 30 202.1>175.2 (26) 202.1>131.1 (30) 0.015

Aflatoxin B1 2.76–2.81 30 313.3>285.5 (25) 313.3>241.3 (30) 0.010

Thiophanate methyl 2.82–2.86 25 343.2>151.1 (20) 343.2>311.2 (10) 0.010

Carbofuran 2.86–2.89 20 222.2>165.2 (12) 222.2>123.1 (20) 0.010

Bendiocarb 2.87–2.89 20 224.1>167.1 (15) 224. 1>109.0 (10) 0.010

Ofurace 2.87–2.89 20 282.4>160.2 (25) 282.4>254.3 (15) 0.010

Metribuzine 2.87–2.92 20 215.3>187.3 (20) 215.3>131.0 (20) 0.010

Simazine 2.89–2.91 35 202.1>132.1 (18) 202.1>96.1 (25) 0.010

Tepraloxydim 2.95–3.01 20 342.4>250.3 (12) 342.4>166.1 (20) 0.015

Desethyl terbuthylazine 2.99–3.02 20 202.3>146.1 (16) 202.3>78.9 (25) 0.015

Carbaryl 2.99–3.06 20 202.1>145.1 (10) 202.1>127.0 (30) 0.015

Monolinuron 3.08–3.11 28 215.1>126.1 (18) 215.1>148.1 (15) 0.015

Ochratoxin A 3.14–3.21 25 404.2>239.2 (20) 404.2>358.2 (15) 0.005

Chlorotoluron 3.16–3.22 25 213.2>72.1 (15) 213.2>46.2 (15) 0.005

Metazachlor 3.18–3.22 15 278.3>210.2 (10) 278.3>134.0 (20) 0.005

Metobromuron 3.19–3.22 28 259.1>148.1 (20) 259.1>170.0 (20) 0.005

Fensulfothion 3.19–3.22 30 309.1>281.2 (15) 309.1>157.0 (26) 0.005

Atrazine 3.20–3.27 30 216.1>174.1 (25) 216.1>96.1 (18) 0.005

HT-2 toxin 3.20–3.28 25 442.6>263.4 (15) 442.6>215.3 (15) 0.015

Isoproturon 3.21–3.29 30 207.0>165.2 (15) 207.2>72.1 (17) 0.015

Lenacil 3.25–3.28 20 235.2>153.0 (15) 235.2>136.0 (30) 0.015

Azaconazole 3.29–3.35 20 300.1>159.0 (23) 300.1>231.0 (16) 0.015
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trisodium citrate dehydrate, and 0.5 g of disodium hydro-
gencitrate sesquihydrate [33, 34].

Method C: LLE-based method “dilute-and-shoot” (option
1) Analytes were extracted from milk using an extraction
method based on the procedure previously described by
Mol et al. [28]. Briefly, 2.5 g of milk was diluted with 5 mL
of Milli-Q water, and the mixture was shaken in a vortex.
Then, 15 mL of acetonitrile (1% formic acid, v/v) was
added, and the sample was put into the rotary agitator, and

it was extracted by end-over-end shaking for 1 h at 50 rpm.
After that, the mixture was centrifuged for 10 min at
5,000 rpm (4,136×g), and 1 mL of the supernatant was
filtered through a nylon filter and transferred into an
autosampler vial for injection in the UHPLC–QqQ–MS/
MS system.

Method D: LLE-based method “dilute-and-shoot” (option
2) This was the same as proposed method C but with
acetone (1% formic acid, v/v) instead of acetonitrile.

Table 1 (continued)

Compound RTW (min) Cone voltage (V) Quantification transition (m/z)a Confirmation transition (m/z)a Dwell time (s)

Diuron 3.33–3.35 30 233.1>72.0 (25) 233.1>160.0 (18) 0.015

T-2 toxin 3.42–3.45 25 484.7>245.4 (15) 484.7>215.3 (20) 0.050

Diethofencarb 3.42–3.45 20 268.3>226.3 (10) 268.3>152.1 (20) 0.050

Propazine 3.50–3.54 25 230.4>188.2 (16) 230.4>146.6 (20) 0.010

Terbumeton 3.52–3.56 15 226.3>170.3 (15) 226.3>114.1 (25) 0.010

Linuron 3.52–3.57 30 249.1>160.0 (18) 249.1>182.1 (18) 0.010

Terbuthylazine 3.54–3.56 28 230.2>174.1 (15) 230.2>96.1 (25) 0.010

Methiocarb 3.54–3.57 22 226.1>169.2 (10) 226.1>121.1 (18) 0.010

Flutalonil 3.54–3.57 27 324.4>262.3 (20) 324.4>242.3 (25) 0.010

Sebuthylazine 3.54–3.58 25 230.4>174.1 (18) 230.4>95.9 (25) 0.010

Paclobutrazol 3.56–3.59 25 294.2>70.0 (25) 294.2>125.0 (25) 0.010

Promecarb 3.58–3.62 23 208.2>151.2 (9) 208.2>109.1 (15) 0.010

Propyzamide 3.60–3.65 25 256.2>173.0 (23) 256.2>190.0 (16) 0.005

Iprovalicarb 3.63–3.67 20 321.4>119.1 (15) 321.4>203.3 (8) 0.005

Triazophos 3.65–3.67 35 314.2>162.1 (18) 314.2>119.1 (34) 0.005

Triadimenol 3.66–3.70 25 296.2>70.0 (12) 296.2>99.1 (12) 0.005

Epoxiconazole 3.70–3.78 25 330.2>121.1 (20) 330.2>141.1 (20) 0.010

Prometryn 3.74–3.80 20 242.0>200.3 (25) 242.0>157.9 (17) 0.010

Fenbuconazole 3.77–3.78 30 337.3>70.1 (25) 337.3>125.0 (20) 0.010

Sethoxydim 3.77–3.79 23 328.5>282.5 (11) 328.5>178.1 (18) 0.010

Tebutam 3.78–3.80 27 234.3>90.9 (18) 234.3>192.2 (18) 0.010

Diflubenzuron 3.78–3.85 25 311.1>158.1 (12) 311.1>141.1 (22) 0.010

Metolachlor 3.80–3.87 20 284.3>252.4 (15) 284.3>176.3 (23) 0.010

Fenhexamide 3.85–3.86 25 302.2>97.1 (25) 302.2>55.2 (30) 0.010

Imazalil 3.88–3.89 40 297.2>159.1 (20) 297.2>201.1 (20) 0.015

Spiroxamine 3.89–3.94 25 298.3>144.2 (20) 298.3>100.1 (33) 0.015

Furmecyclox 3.97–3.98 20 252.5>170.2 (13) 252.5>110.0 (20) 0.015

Bitertanol 4.01–4.06 25 338.3>99.2 (15) 338.3>269.3 (10) 0.015

Pencycuron 4.01–4.10 40 329.3>125.1 (19) 329.3>218.3 (14) 0.015

Trifloxystrobin 4.11–4.12 30 409.3>186.2 (18) 409.3>206.2 (14) 0.015

Triflumizole 4.17–4.22 23 346.2>73.1 (17) 346.2>278.2 (11) 0.050

Fluazifop buthyl 4.18–4.22 35 384.3>282.3 (20) 384.3>91.0 (30) 0.050

Hexythiazox 4.34–4.38 25 353.3>228.1 (15) 353.3>168.1 (20) 0.100

Spinosad 4.39–4.41 32 733.7>142.3 (30) 733.2>98.3 (60) 0.050

Fenazaquin 4.65–4.69 30 307.3>161.2 (16) 307.3>147.1 (16) 0.050

Fenpropimorph 4.67–4.78 10 304.4>147.1 (30) 304.4>97.9 (35) 0.100

a Collision energies (eV) are given in parentheses
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Clean up stage (methods A, B, C, and D) For the clean-up
experiments carried out after the four protocols described
above, an aliquot of supernatant (3 mL) was transferred into
an SPE cartridge, evaluating two types of sorbents: C18 and
Oasis HLB. The cleaned extract was collected, and 1 mL
was filtered through a nylon filter and transferred into an
autosampler vial for injection in the UHPLC–QqQ–MS/MS
system.

Method E: recommended and validated SPE method Ten
millimeters of milk was diluted with 10 mL of Milli-Q
water. The sample was centrifuged for 10 min at 5,000 rpm
(4,136×g). Then, the supernatant was loaded into a C18
cartridge previously conditioned with 5 mL of methanol
and 5 mL of Milli-Q water. Afterwards, the cartridges were
washed with 5 mL of water and 5 mL of n-hexane, and they
were vacuum-dried for 30 min. The analytes were eluted
with methanol (5 mL). The eluate was evaporated under
a gentle N2 stream, and the residue was dissolved in 1 mL
of mobile phase (methanol and aqueous solution of
ammonium formate, 5 mM, 1:4, v/v), prior to the
chromatographic analysis.

Validation

Performance characteristics of the optimized method were
established by a validation procedure according to the
criteria laid down in the European Commission Decision
2002/657/CE [35] and European SANCO guideline [36].
Linearity of the method was evaluated using matrix-
matched standard calibration by analyzing spiked blank
samples of milk at four concentration levels in the range
0.5–150 μg L−1 for all compounds, except for AFM1
(0.05–15 μg L−1). The concentration for AFM1 in all the
validation experiments was ten times lower. In order to
evaluate the trueness of the selected method, recovery
studies were carried out at three concentration levels
(0.5, 10, and 25 μg kg−1) by spiking five blank samples
at each level. Repeatability (n=5) was studied at three
concentration levels (0.5, 10, and 25 μg kg−1). Interme-
diate precision was evaluated by analyzing spiked
samples at 25 μg kg−1 (2.5 μg kg−1 for AFM1) in six
different days.

The specificity of the method was evaluated by the
analysis of a blank sample and a spiked blank sample at
25 μg kg−1 (ten times lower for AFM1). Finally, the limits
of detection (LOD) and quantification (LOQ) were calcu-
lated analyzing matrix-matched standards at 0.1, 0.2, 0.5, 1,
and 2 μg kg−1 (concentrations ten times lower for AFM1).
The LODs and LOQs were determined as the lowest
concentration of the analyte yielding a signal-to-noise ratio
(S/N) of 3 and 10, respectively.

Results and discussion

The aim of this work was the development of a multi-
analyte method allowing the simultaneous extraction and
analysis of pesticides and mycotoxins in milk. The selected
compounds cover a wide range of polarity, including LC-
amenable pesticides that must be determined according to
the current legislation [37], pesticides whose application is
forbidden and the most studied mycotoxins.

Due to the low MRL set by the EU for AFM1
(0.05 μg kg−1 in milk), the optimized methodology must
be able of detecting this analyte at this level. Subsequently,
during the development of the method, the sensitivity for
this compound was an important issue to select the most
suitable extraction technique.

UHPLC–QqQ–MS/MS analysis

Two UHPLC–QqQ–MS/MS methods reported in previous
studies for the multi-residue determination of pesticides
[26] and mycotoxins [29] were considered for the develop-
ment of common conditions. Both methods utilized
methanol as organic solvent because it provided the best
sensitivities for all compounds. However, different aqueous
phases were applied. The pesticide method used an aqueous
solution of formic acid (0.01%, v/v), whereas for mycotox-
ins, the optimal results were obtained employing an
aqueous solution of ammonium formate 5 mM. Bearing in
mind that some mycotoxins (i.e., aflatoxins, T-2, and HT-2)
showed worse sensitivity when aqueous formic acid was
used, the ammonium formate solution was therefore
selected for the simultaneous determination. The overall
analysis time operating under these conditions was 6.5 min.
The retention time ranged from 1.20 (propamocarb) to
4.78 min (fenpropimorph), and analyte retention time
variations were ≤0.5%.

For MS/MS determination, ESI (+) was used, and two
transitions per compound were monitored. Table 1 shows
the specific conditions for each compound. The analytes
were distributed in 20 functions, using a maximum of ten
compounds per function. Different dwell times were
evaluated for each function, and the optimum values ranged
from 0.005 to 0.100 s.

Optimization of the extraction method

As previously commented, different procedures have been
reported in literature for the extraction of pesticides and
mycotoxins from milk, although a limited number of them
have carried out a simultaneous determination. In this work,
several procedures have been evaluated, bearing in mind
the recovery at low concentrations for AFM1 and the
number of compounds showing adequate recovery values.
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Table 2 Recovery results (percent) obtained by the application of the QuEChERS method and the “dilute-and-shoot” procedure with the
optimum modifications

Compound Citrate QuEChERS+SPE Oasisa Method D+SPE
Oasisb

Compound Citrate QuEChERS+SPE
Oasis

Method D+SPE
Oasis

Propamocarb <30 (>40)c 100.7 (12) Metobromuron >130 (22) >130 (>40)

Pymetrozine <30 (>40) >130 (15) Fensulfothion 118.2 (24) <30 (>40)

Methomyl 35.3 (24) <30 (>40) Atrazine >130 (7) <30 (>40)

Thiamethoxam 45.2 (18) >130 (31) HT-2 toxin >130 (8) <30 (>40)

Monocrotophos <30 (>40) >130 (>40) Isopropuron 64.3 (16) <30 (>40)

Quinmerac <30 (>40) >130 (23) Lenacil >130 (22) >130 (17)

2,6-Dichlorobenzamide 97.8 (12.6) <30 (>40) Azaconazole 82.3 (14) 114.3 (15)

Atrazine desisopropyl <30 (>40) >130 (29) Diuron 95.5 (10) <30 (>40)

Imidacloprid 73.3 (7) 124.3 (5) T-2 toxin >130 (11) >130 (24)

Tifensulfuron methyl 65.8 (17) 86.7 (15) Diethofencarb >130 (7) 75.5 (17)

Metamitron <30 (>40) <30 (>40) Propazine 112.7 (17) >130 (13)

Vamidothion <30(>40) >130 (32) Terbumeton >130 (15) 103.7 (17)

Chloridazon 40.6 (16) <30 (>40) Linuron 67.9 (12) <30 (>40)

Acetamiprid 67.0 (22) 85.5 (14) Terbuthylazine 63.3 (8) >130 (16)

Chlorsulfuron 107.2 (9) <30 (>40) Methiocarb 83.0 (14) >130 (17)

Cinosulfuron <30 (>40) <30 (>40) Flutalonil >130 (>40) >130 (9)

Triasulfuron 68.9 (17) <30 (>40) Sebuthylazine 86.3 (12) 73.3 (23)

Carbendazim 84.1 (9) >130 (17) Paclobutrazol >130 (13) 104.1 (17)

Desethyl atrazine <30 (>40) <30 (>40) Promecarb >130 (30) 119.5 (25)

Thiacloprid 122.9 (16) 82.7 (4) Iprovalicarb >130 (9) >130 (26)

Aflatoxin G2 84.1 (20) >130 (15) Triazophos >130 (>40) 56.7 (7)

Aflatoxin M1 <30 (>40) >130 (30) Epoxiconazole 110.1 (6) 59.9 (17)

Aflatoxin G1 42.0 (34) 54.7 (8) Prometryn 79.1 (12) <30 (>40)

Metoxuron 92.9 (24) <30 (>40) Fenbuconazole >130 (>40) 105.7 (12)

Aldicarb 64.8 (21) <30 (>40) Sethoxydim >130 (25) 47.6 (34)

Aflatoxin B2 92.7 (18) 52.0 (12) Tebutam >130 (18) 63.7 (16)

Iodosulfuron methyl 82.1 (19) 80.0 (5) Diflubenzuron >130 (>40) <30 (>40)

Thiabendazole >130 (28) 75.8 (22) Metolachlor >130 (10) 92.9 (12)

Aflatoxin B1 103.4 (24) 90.7 (18) Fenhexamide 83.8 (27) >130 (>40)

Thiophanate methyl 47.0 (28) 30.5 (18) Imazalil >130 (25) >130 (12)

Carbofuran 104.9 (20) 127.1 (12) Spiroxamine >130 (>40) 119.8 (19)

Bendiocarb 71.9 (17) >130 (>40) Furmecyclox >130 (11) 68.0 (19)

Ofurace 96.5 (9) >130 (>40) Bitertanol 120.7 (>40) 32.7 (23)

Metribuzine 99.9 (21) 32.0 (19) Pencycuron 91.1 (20) <30 (>40)

Simazine 80.6 (10) <30 (>40) Trifloxystrobin 87.4 (14) 55.5 (12)

Tetraloxydim <30 (>40) >130 (33) Triflumizole >130 (29) 34.9 (27)

Desethyl terbuthylazine 120.0 (4) 118.1 (14) Fluazifop buthyl 84.9 (17) 56.4 (30)

Carbaryl 115.1 (3) 38.3 (38) Hexythiazox 32.7 (29) <30 (>40)

Monolinuron 122.3 (3) 81.9 (8) Spinosad 95.8 (15) 68.6 (11)

Ochratoxin A >130 (21) <30 (>40) Fenazaquin 67.9 (15) <30 (>40)

Chlorotoluron >130 (14) 95.3 (19) Fenpropimorph 56.5 (14) 92.4 (13)

Metazachlor >130 (10) 83.6 (8)

a Spiked milk samples at 50 and 5 μg kg−1 for aflatoxin M1
b Spiked milk samples at 250 and 25 μg kg−1 for aflatoxin M1
c Relative standard deviation is given in brackets (n=3)
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One of the methodologies evaluated was the QuEChERS
method due to it is a multi-residue extraction approach
widely used in the field of pesticides for the analysis of
compounds with different polarity [26]. The experiments
were carried out employing spiked blank skimmed milk
samples at 50 μg kg−1, except for AFM1 (5 μg kg−1). Two
QuEChERS methods were tested: the acetate and the
citrate-based QuEChERS methods. Currently, the QuECh-
ERS method using acetate buffer is the official method of
the AOAC [24, 33], whereas the citrate-based QuEChERS
procedure has been set as the official method by the
European Norm [32, 34]. An additional clean-up stage by
SPE (C18 and Oasis HLB cartridges) was also evaluated in
order to obtain extracts with less co-extracted material
(“Sample preparation” section). The best results were
obtained with the citrate-based method using a clean-up
step by SPE with Oasis HLB (38 compounds; Table 2).
However, when this methodology was evaluated with full-
cream milk, the AFM1 was not properly extracted, and the
number of compounds showing adequate recovery decreased
dramatically (8 compounds). The following optimization
experiments were carried out using full-cream milk samples
as the most complex milk matrix.

Due to the unsatisfactory performance of the
QuEChERS-based methodologies, the evaluation of the
generic method proposed by Mol et al. [28] was tested. This
“dilute-and-shoot” procedure was developed for a wide variety of matrices and compounds, including pesticides

and mycotoxins. However, this new approach did not
monitor AFM1 in milk. The optimized method involved a
dilution with water followed by LLE with a water-miscible
organic solvent, obtaining the best overall results using
acidified acetonitrile. However, the specific results for milk
were better using acidified acetone, which was selected for
its evaluation on spiked full-cream milk samples at
250 μg kg−1 (ten times lower for AFM1). Because the
extracts obtained after centrifugation were moderately
turbid, an SPE clean-up step using Oasis HLB was
additionally evaluated. The most adequate results were
achieved without any clean-up step (54 compounds;
Table 2). However, the extraction method did not provide
acceptable recoveries for AFM1 at the MRL level.

Initially, one of the aims of the study was the application
of a simple and fast method on the basis of either the
QuEChERS or “dilute-and-shoot” strategies. However,
these multi-residue and generic methodologies did not
permit the extraction of AFM1 at the EU MRL levels,
demonstrating that they can fail for difficult compounds
showing very low tolerances. For this reason, an alternative
SPE method was considered since it would allow the
performance of a concentration of the analytes without
increasing the matrix content in the final extract. In order to
optimize the extraction step by SPE, the type of cartridge
and the solvent elution were studied. In literature, Oasis

Fig. 1 Recovery results obtained for the SPE extraction of spiked
milk samples (25 μg kg−1, ten times lower for AFM1) using C18 and
Oasis sorbents. Pest pesticides, Mycot mycotoxins. Extraction con-
ditions: elution solvent, methanol; no dilution step prior SPE; no
washing step. Other conditions were the same as described in “Sample
preparation” section

Fig. 2 Recovery results obtained for the SPE extraction of spiked
milk samples (25 μg kg−1, ten times lower for AFM1) using different
elution solvents. EtAc ethyl acetate, MeOH methanol. Extraction
conditions: cartridge, C18; no washing step. Other conditions were the
same as described in “Sample preparation” section
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HLB cartridges [10] and C18 bonded silica [15] were
utilized for the extraction of 18 mycotoxins and AFM1,
respectively. These sorbents were therefore tested. The
solvent elution and the washing step were also evaluated.
The obtained results are shown in Fig. 1. The C18
cartridges allowed the extraction of a higher number of
compounds with adequate recoveries than Oasis HLB, and
it was used for further experiments.

Certain clogging problems were observed in the
cartridges, probably because of the high-size molecules
(i.e., lipids and proteins) that are present in milk.
Samples were therefore centrifuged to remove partially
this matrix content. Besides, two simple pre-treatment
steps were also considered to reduce the matrix content:
protein precipitation by freezing and dilution. The
freezing of milk samples was carried out at −25 °C for 2 h,
whereas the dilution was performed with water. Both
procedures were followed by centrifugation, and the remaining
supernatants were then extracted by SPE. The obtained results
showed that higher recovery values were achieved when the
milk was submitted to dilution (data not shown).

After these preliminary experiments, the elution solvent
was evaluated. Several mixtures showing different polarity
were tested: dichloromethane:acetone (95:5, v/v) [15], ethyl
acetate:acetone (95:5, v/v) mixture, acetone, and methanol.
Methanol provided the best results (Fig. 2). Thus, 48
compounds were extracted when methanol was used as
elution solvent, 24 compounds with acetone, 21 compounds
with dichloromethane:acetone (95:5, v/v), and 17 com-
pounds with ethyl acetate:acetone (95:5, v/v). In relation to
AFM1, adequate recoveries were obtained when methanol
and the dichloromethane mixture were used; however,
methanol provided higher recovery for AFM1, and it was
finally selected as the most suitable elution solvent.

The application of a washing step before elution was
studied. Three different conditions were tested, some of
them reported in literature [10, 15]: no washing step, 5 mL
of water, and 5 mL of water plus 5 mL of n-hexane. The
best results were achieved when the cartridges were washed
with water and n-hexane (data not shown).

Although the evaluated methods could extract simulta-
neously mycotoxins and pesticides, SPE was the only one that

Fig. 3 UHPLC–QqQ–MS/MS extracted chromatogram of several pesticides and mycotoxins of a spiked milk sample (2 μg kg−1, 0.2 μg kg−1 for
aflatoxin M1) analyzed with the validated method
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Table 3 Validation parameters of the selected method

Compound Pa (%) Recovery (%)b Inter-day precision (25 μg kg−1)c LOD (μg kg−1) LOQ (μg kg−1)

0.5 μg kg−1 10 μg kg−1 25 μg kg−1

Propamocarb 1.27 95.6 (6.9)d 72.8 (11.1) 90.0 (3.7) 16.6 0.01 0.03

Pymetrozine 0.31 114.3 (16.9) 110.9 (16.1) 78.3 (6.7) 7.3 0.01 0.03

Methomyl 8.95 66.7 (12.3) 60.2 (19.0) 60.7 (14.2) 17.6 0.02 0.07

Thiamethoxam 0.25 64.6 (11.5) 93.4 (11.4) 110.1 (9.5) 21.7 0.05 0.17

Monocrotophos 0.08 88.9 (14.9) 90.8 (7.0) 83.8 (3.7) 17.9 0.05 0.17

2,6-Dichlorobenzamide 0.01 <30 51.8 (16.8) 90.2 (12.0) 14.6 0.20 0.67

Atrazine desisopropyl 0.01 97.3 (8.6) 95.0 (14.8) 119.2 (9.6) 10.6 0.02 0.07

Imidacloprid 0.01 106.5 (11.3) 95.8 (21.6) 105.0 (4.8) 26.3 0.01 0.03

Tifensulfuron methyl 0.04 89.9 (12.8) 81.0 (7.9) 116.1 (6.4) 8.9 0.01 0.03

Vamidothion 0.11 125.1 (2.0) 110.4 (13.3) 99.1 (11.3) 22.1 0.05 0.17

Chloridazon 1.45 102.1 (7.0) 65.3 (9.7) 101.0 (7.6) 13.9 0.10 0.33

Acetamiprid 0.01 94.7 (12.4) 84.4 (23.7) 116.0 (6.4) 21.2 0.01 0.03

Chlorsulfuron 0.36 52.9 (24.1) 81.3 (23.7) 106.2 (18.2) 13.1 0.05 0.17

Cinosulfuron 0.01 91.9 (26.4) 97.2 (17.4) 104.4 (30.0) 28.5 0.10 0.33

Carbendazim 0.01 88.2 (17.4) 82.7 (10.4) 101.8 (11.7) 10.3 0.01 0.03

Desethyl atrazine 0.54 118.2 (0.9) 84.0 (10.0) 101.0 (7.6) 15.0 0.05 0.17

Thiacloprid 0.01 90.9 (15.4) 82.5 (3.8) 117.0 (10.7) 11.2 0.02 0.07

Aflatoxin G2 0.05 108.8 (9.8) 82.9 (7.8) 88.3 (10.0) 9.2 0.10 0.33

Aflatoxin M1 0.09 84.5 (9.3) 71.9 (15.6) 97.3 (12.7) 13.6 0.01 0.03

Aflatoxin G1 0.01 80.0 (15.8) 72.1 (6.6) 93.7 (11.3) 12.8 0.01 0.03

Metoxuron 0.06 93.2 (9.3) 78.3 (8.4) 91.5 (19.7) 21.3 0.01 0.03

Aldicarb 0.02 95.4 (18.5) 76.2 (14.0) 61.4 (11.5) 12.9 0.02 0.07

Aflatoxin B2 0.06 90.8 (7.0) 86.9 (19.3) 101.1 (13.5) 13.2 0.01 0.03

Iodosulfuron methyl 1.80 89.7 (20.4) 129.1 (9.5) 121 (15.7) 30.0 0.02 0.07

Thiabendazole 0.86 51.8 (7.7) 64.2 (13.4) 80.5 (3.3) 4.0 0.05 0.17

Aflatoxin B1 0.01 71.4 (8.8) 70.1 (13.1) 76.9 (4.2) 4.8 0.01 0.03

Thiophanate methyl 0.01 68.9 (12.3) 66.7 (16.1) 76.2 (12.6) 11.6 0.01 0.03

Carbofuran 0.01 110.8 (7.4) 99.4 (8.8) 100.0 (6.1) 16.1 0.01 0.03

Bendiocarb 0.01 75.4 (10.9) 93.7 (10.9) 90.3 (15.3) 16.9 0.05 0.17

Ofurace 0.01 90.2 (3.5) 95.9 (6.8) 86.4 (12.5) 10.8 0.02 0.07

Metribuzine 0.17 95.9 (17.9) 85.3 (3.1) 100.1 (10.3) 10.5 0.05 0.17

Simazine 0.61 99.7 (15.5) 90.0 (11.7) 91.9 (13.3) 25.7 0.02 0.07

Tepraloxydim 0.22 114.6 (12.3) 124.6 (18.5) 115.3 (13.0) 29.1 0.02 0.07

Desethyl terbuthylazine 0.01 96.0 (14.2) 77.9 (12.1) 96.7 (13.0) 22.1 0.02 0.07

Carbaryl 0.01 94.1 (23.6) 60.4 (16.7) 93.3 (11.2) 10.5 0.05 0.17

Monolinuron 0.03 106.6 (5.8) 85.7 (7.3) 127.0 (13.0) 15.1 0.05 0.17

Chlorotoluron 0.43 64.1 (8.1) 76.4 (8.8) 84.5 (7.4) 21.3 0.20 0.67

Metazachlor 0.01 114.6 (11.1) 101.6 (5.6) 106.3 (5.4) 25.0 0.01 0.03

Metobromuron 0.01 77.1 (8.1) 76.2 (19.1) 100.6 (12.9) 13.8 0.02 0.07

Fensulfothion 0.01 114.6 (11.1) 89.4 (10.1) 109.8 (8.1) 7.7 0.05 0.17

Atrazine 0.46 105.5 (15.5) 125.9 (13.7) 130.1 (1.4) 1.6 0.02 0.07

Lenacil 0.01 101.6 (15.2) 112.0 (13.6) 115.9 (15.6) 21.1 0.01 0.03

Azaconazole 0.01 91.3 (21.7) 76.9 (23.8) 73.0 (3.8) 12.9 0.01 0.03

T-2 toxin 1.83 78.4 (17.0) 60.7 (16.2) 76.0 (14.6) 21.7 0.05 0.17

Linuron 0.25 81.5 (30.0) 63.6 (13.4) 70.4 (16.9) 21.5 0.05 0.17
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allows the simultaneous extraction of 42 pesticides and six
mycotoxins (including AFM1) with good recovery values
(60%<R<120%) at low concentration levels (Fig. 3).
Therefore, these compounds were considered for validation.

Method validation

Firstly, the matrix effect (suppression/enhancement of the
signal in the ionization source) was evaluated by injecting
several concentrations (0.5–150 μg L−1, ten times lower for
AFM1) in pure solvent and in extracted blank milk
samples. The slopes of the calibration curves were
compared using the procedure indicated by Cuadros-
Rodríguez et al. [38]. It can be observed that the slopes
are statistically different (p value lower than 5%) for most
of the compounds assayed (Table 3), except for methomyl,
epoxiconazole, and tebutam. In consequence, the presence
of a matrix effect was demonstrated, and matrix-matched
standards (full-cream milk) were used, showing good
linearity, with determination coefficients (R2) higher than

0.9980 for all compounds in the range from 0.5 to
150 μg kg−1 (ten times lower for AFM1).

Trueness was evaluated through recovery studies by
spiking blank samples at three concentration levels: 0.5, 10,
and 25 μg kg−1 (n=5). The recoveries obtained by the
optimized method (Table 3) were in the range 61.4–118.2%
at 0.5 μg kg−1 (except for vamidothion, 125.1%), 60.2–
110.4% at 10 μg kg−1 (except for atrazine, iodosulfuron
methyl, and tepraloxydim, recoveries higher than 120%),
and 60.7–119.2% at 25 μg kg−1 (except for imidacloprid,
monolinuron, and atrazine with recoveries values higher
than 120%). The method could not be validated at
0.5 μg kg−1 for 2,6-dichlorobenzamide, chlorsulfuron, and
thiabendazole. Thiabendazole and chlorsulfuron were
determined at concentrations higher than 10 μg kg−1, and
2,4-dichlorobenzamide was determined at concentrations
higher than 25 μg kg−1. For AFM1, recoveries were evaluated
at 0.05 (84.5%), 1 (71.9%), and 2.5 (97.3%)μg kg−1.

Repeatability was studied at the concentration levels
assayed for the recovery studies, performing five replicates

Table 3 (continued)

Compound Pa (%) Recovery (%)b Inter-day precision (25μgkg−1)c LOD (μgkg−1) LOQ (μgkg−1)

0.5μgkg−1 10μgkg−1 25μgkg−1

Triazophos 0.01 61.4 (18.5) 59.7 (12.2) 72.5 (10.5) 11.0 0.05 0.17

Epoxiconazole 46.07 61.4 (27.2) 68.5 (14.1) 109.2 (3.2) 3.3 0.01 0.03

Tebutam 42.27 88.7 (13.0) 66.5 (22.0) 119.2 (14.7) 20.0 0.01 0.03

a The p value was obtained (in percent) using the procedure indicated in [38], which was based on a t test, and permits the detection of the presence of any
matrix effect during the quantification of the analytes
b Concentration levels ten times lower for aflatoxin M1
c RSD values obtained at 25 μg kg−1 . Samples were analyzed on six consecutive days
d Repeatability values expressed as RSD are given in parentheses (n=5)

Table 4 Concentration of pesticides in the analyzed samples

Compound Concentration (μg kg−1)

S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15

Atrazine desisopropyl 3.5 1.7 3.7 2.8 2.8 8.0 19.2

Imidacloprid 15.2 21.8 28.1 5.8 1.8 0.3 2.6 0.6 2.9 4.0

Acetamiprid 0.5 1.0 0.1 3.6

Thiacloprid 0.1 0.1 0.2 0.8 2.3

Carbendazim 3.4

Thiabendazole 1.1 1.3 0.3 0.3 0.4 0.3 0.3 0.7 0.7

Thiophanate methyl 0.7 0.7 1.0 0.8 0.9 0.3

Bendiocarb 2.2
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for each level. The method showed good repeatability
(relative standard deviation (RSD) <20%) for all the
analyzed compounds, except for some analytes. For
instance, cinosulfuron, carbaryl, azaconazole, linuron, and
epoxiconazole showed RSDs values lower than 30% at
0.5 μg kg−1, and acetamiprid, chlorsulfuron, azaconazole,
and tebutam presented RSDs lower than 25% at
10 μg kg−1.

Inter-day precision was studied by the analysis of five
spiked samples at 25 μg kg−1 (ten times lower for AFM1)
in five consecutive days. RSDs lower than 25% were
obtained for all compounds except for imidacloprid,
cinosulfuron, iodosulfuronmethyl, simazine, and tepraloxidim
with RSDs lower than 30%. Bearing in mind that acceptable
precision and recovery values were obtained, the use of
internal standard was not considered.

LODs and LOQs were lower than 0.20 and 0.67 μg kg−1,
respectively (Table 3). It must be noticed that the LOQ
obtained for all compounds were lower than MRLs. For
instance, LOQ for AFM1 was 0.03 μg kg−1, which is a
concentration lower than the MRL established for this
mycotoxin in milk (0.05 μg kg−1).

Finally, the selectivity of the method was evaluated by
analyzing control blank samples. The absence of any signal
at the same retention time as the selected compounds
indicated that there were not any matrix interferences that
may give a false positive signal.

Sample analysis

The validated analytical method was used for the analysis
of 15 real samples of milk purchased from several local
markets. Different types of milk were selected (three
samples of skimmed milk, four samples of semi-skimmed
milk, two samples of full-cream milk, three samples of milk
enriched with calcium, and three samples of powdered
milk-based infant formula). An internal quality control
(IQC) was carried out for every batch of samples in order to
check if the system was under control. This IQC implied
the preparation of a matrix-matched standard calibration, a
reagent blank, a matrix blank, and a spiked blank sample at
25 μg kg−1 (ten times lower for AFM1), which were
injected together with each batch of samples in order to
check the performance of the method.

Table 4 shows the results obtained. Some pesticides
(acetamiprid, thiacloprid, carbendazim, thiabendazole,
thiophanate methyl, and bendiocarb) were detected,
whereas mycotoxins were not detected in the analyzed
samples. It must be highlighted that imidacloprid and
atrazine desisopropyl were detected in four samples at
concentration levels higher than 10 μg kg−1; currently,
there is not any MRL set for them in milk. The presence of
imidacloprid could be explained considering that this

pesticide is usually employed as foliar application in
certain crops, which can be used for feed production, and
to control fleas [39]. Figure 4 shows the UHPLC–QqQ–
MS/MS chromatograms for two positive samples containing
imidacloprid at 15.22 μg kg−1 (S1) and acetamiprid at
3.56 μg kg−1 (S15).

Conclusions

In this paper, a simple and sensitive multi-analyte method
has been developed for the simultaneous determination of
42 pesticides and six mycotoxins in milk by UHPLC–
QqQ–MS/MS, using an SPE-based methodology. Several
multi-residue and generic methods were also evaluated,
although any of them provided adequate results for AFM1.
The widespread QuEChERS method (using acetate and
citrate buffers) and the “dilute-and-shoot” procedures
evaluated were not suitable for the extraction of AFM1 at
very low levels. The application of pre-concentration stages
did not improve these results, probably due to suppression
signal problems because of the higher matrix amount
injected. Therefore, the need for concentration in order to
improve the figures of merit for AFM1 led to the
application of an SPE methodology that allowed pre-
concentration without increasing the amount of matrix in
the extract. Furthermore, the use of UHPLC–QqQ–MS/MS
improves sensitivity and resolution, detecting and quanti-
fying several classes of compounds satisfactorily. The

Fig. 4 UHPLC–QqQ–MS/MS extracted chromatograms of two
positive real milk samples showing quantification (upper) and
confirmation (lower) transitions containing a imidacloprid at
15.22 μg kg−1 (S1) and b acetamiprid at 3.56 μg kg−1 (S15)
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method showed satisfactory validation parameters, includ-
ing trueness, precision, inter-day precision, LOD, and LOQ.

The optimized extraction procedure allowed the pre-
concentration of the compounds, obtaining LOQ values below
the EU tolerance levels. Some advantages of the developed
method include simple pre-treatment, rapid determination,
and high sensitivity. Furthermore, it could be used in routine
analysis for the simultaneous detection and quantification of
mycotoxins and pesticides from milk samples.
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