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a b s t r a c t 

In this work, an easy and fast procedure for the selective multiresidue determination of 14 highly polar 

pesticides (including glyphosate, glufosinate, ethephon and fosetyl) and metabolites in beverages is pre- 

sented. After an initial sample dilution (1:1, v/v), the extract is shaken and centrifuged, further diluted 

and then injected directly into the LC-MS/MS system, using hydrophilic interaction liquid chromatography 

(HILIC) and tandem mass spectrometry. No clean-up procedure was needed. The method was validated 

according to the current European guidelines for pesticide residue analysis in food and feed and linearity, 

limits of detection and quantification, matrix effects, trueness and precision were assessed. For plant- 

based milk, wine and beer samples, 10, 11 and 12 analytes, respectively, out of 14 were fully validated at 

10 μg kg −1 , the lowest spike level tested. The matrix effect was negative in most of the cases, showing for 

some compounds, such as HEPA, up to 80% suppression when compared to the response from standards 

in solvent. The use of isotopically labelled internal standards is required for the optimal quantification, as 

it compensates for high and varying matrix effects and also for recovery losses during extraction. 

© 2020 The Authors. Published by Elsevier B.V. 

This is an open access article under the CC BY license. ( http://creativecommons.org/licenses/by/4.0/ ) 
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. Introduction 

Herbicides are widely used in agriculture in order to increase

he yield and quality of crops. They act by reducing/inhibiting

eeds growth and also play an important role as desiccant in sev-

ral crops as cereals (eg. wheat, barley, oat), oilseeds (e.g. soy-

ean) and pulses (e.g. beans, peas) [1] . Highly polar ionic com-

ounds are a group of herbicides frequently used worldwide in this

ind of crops. Especially glyphosate is considered non-persistent

nd safe in the environment due to its rapid degradation in wa-

er and soil [2] . However, despite limited evidence of carcinogenic

r mutagenic effects, it can cause serious eye damage and can be

otentially toxic to aquatic biota [2] . Aminomethylphosphonic acid

AMPA) is the major metabolite of glyphosate and its toxicity is

omparable to its precursor [3] . Glyphosate is currently the most

roduced herbicide in the world and its use has increased in the

ast few years since genetically modified crops were introduced

o be resistant to glyphosate [4] . Chlorate has pesticide and bio-

ide activities and, as perchlorate, can be produced as by-product
∗ Corresponding author. 

E-mail address: sonia.herreralopez@wur.nl (S.H. Lopez). 

o  

s  

y  

p  

ttps://doi.org/10.1016/j.chroma.2020.461226 

021-9673/© 2020 The Authors. Published by Elsevier B.V. This is an open access article u
f disinfection agents of drinking water. In plant-based beverages,

hlorate and perchlorate could arise from the chlorinated water.

romide, on the other hand, can be present in food samples from

atural sources [ 5 , 6 ]. 

The glyphosate based herbicides (GBH) are applied mainly in

griculture in order to accelerate harvest, and residues of these

ubstances can be found in the raw crops and also in its processed

roducts. In the case of plant-based beverages, olive oil and orange

uice, no maximum residue levels (MRLs) are established. For those

roducts, MRLs have to be derived from the MRLs of the raw com-

odity, after applying processing factors [7] . 

Nowadays, cow milk allergy, lactose intolerance and the search

or vegan diets has influenced consumers to choose an alternative

or cow milk consumption [8] . Plant-based milks are fluids result-

ng from the mixture of milled material (cereals, pseudo-cereals,

ilseeds, nuts) with water, followed by filtration [9] . The produc-

ion of plant-based milk is basically based on the milling of the

rain and water addition for a slurry preparation, followed by an

nzymatic hydrolysis. After this process, the mixture is filtrated in

rder to obtain the final milk [10] . Soya milk is the most con-

umed plant-based milk and its use is reported since about 20 0 0

ears ago in China [9] . Due to the high fat content, the production

rocess of soya milk involves some extra steps in order to remove
nder the CC BY license. ( http://creativecommons.org/licenses/by/4.0/ ) 
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the beany flavour caused by the action of lipoxygenase enzyme on

unsaturated fatty acids. Such steps involve soaking the grain with

water, heating, homogenization under pressure and neutralization

[11] . 

Beer is a beverage made with malted cereal grains (barley,

wheat, rye, corn or rice), hops and water that is fermented by ad-

dition of yeasts [12] . After enzymatic hydrolysis, the mixture is fil-

trated and boiled in order to extract the flavour from hops added

in this step. After maturation and carbonation, the beer is cooled,

clarified, filtered and placed in bottles [13] . 

Winemaking is among the oldest techniques known to civiliza-

tion and it is one of the most commercially prosperous biotechno-

logical processes involving alcoholic fermentation. Wine is an alco-

holic beverage made from the complete or partial spontaneous fer-

mentation of grape juice [14] . The grapes are crushed after stems

removal and the mixture is fermented and further maturated and

clarified [15] . 

One common step during production of plant-based milk and

beer is water addition to the raw product. Due to the high po-

larity of the glyphosate-based herbicides, these compounds can be

extracted from the product during homogenization and remain in

the water until the final product. The process to make wine, on

the other hand, does not involve water addition. However, wine

is about 90% water coming from grapes which can contain GBH

residues if they were applied in the field. The fact that water is

the main component of this kind of matrices explains the impor-

tance of highly polar pesticides determination in plant-based bev-

erages, especially those based on cereals/vegetables where GBHs

have been applied in the field. 

However, the determination of these compounds is not an easy

task. These substances are usually not amenable to multiresidue

methods due to their high polarity, which leads to poor extractabil-

ity into typical organic extraction solvents and poor retention in

reversed-phase chromatography during analysis [ 16 , 17 , 18 ]. To solve

these issues, alternative extraction procedures have been widely

used based on polar solvents such as water and methanol [19] .

In order to improve retention and peak shapes, hydrophilic in-

teraction liquid chromatography (HILIC) has been introduced for

these polar compounds [ 20 , 21 ]. However a lack of robustness of

HILIC columns has been repeatedly mentioned in previous publi-

cations [ 3 , 21 ]. Our group [22] has solved these drawbacks by ap-

plying high dilution factors and the most sensitive mass spectrom-

etry system in the market. This finally optimized Dutch Polar Pes-

ticides (NL-PP) method was successfully validated for 14 polar pes-

ticides/metabolites in fruits, vegetable and cereals. Isotopically la-

belled internal standards (ILIS) were used for quantification pur-

poses. This approach corrects for losses during extraction, for ma-

trix effects and response drift in the detection system. 

In the present study, the extraction method had to be adapted

in order to analyse the plant-based beverages studied: oat milk,

rice milk, soya milk, Pilsen beer, wheat beer and (red and white)

wine. An initial acetonitrile/water (6:4, v/v) addition was applied

to induce the precipitation of proteins in these sample types. Sub-

sequently, the extracts were centrifuged and further diluted in the

autosampler vials, just before direct injection in the LC-MS/MS sys-

tem. A similar approach, using direct dilution of wine samples

with acetonitrile/methanol was successfully applied for the mul-

tiresidue method of pesticides and mycotoxins via LC-MS/MS [23] .

The use of HILIC and tandem mass spectrometry combined with

low sample matrix equivalent concentrations (0.02 g mL −1 ) in the

final injected extracts lead to the selectivity, sensitivity and proven

robustness of the method. To the best of our knowledge, this is

the first publication describing a fully validated, fast and efficient

method for 14 analytes (4 pesticides and their 7 metabolites, plus

bromide, chlorate and perchlorate) in plant-based beverages. 
. Experimental 

.1. Chemicals 

Acetonitrile and methanol, both UPLC/MS grade, were pur-

hased from Biosolve (Dieuze, France). Formic acid, purity ≥
9%, was from VWR Chemicals (Lutterworth, UK) and trifluo-

acetic acid (TFA), for synthesis grade, from Merck. Ultrapure wa-

er was obtained from a purification system, Millipore (Burling-

on, MA, USA). High purity ( > 98%) analytical grade refer-

nce materials of ethephon, fosetyl, glufosinate, glyphosate, 2-

ydroxyethyl phosphonic acid (HEPA) and phosphonic acid were

urchased from LGC-Dr. Ehrenstorfer (Augsburg, Germany). 3-

ethylphosphinicopropionic acid (MPPA), N-acetyl-glufosinate, N-

cetyl-glyphosate and N-acetyl-AMPA were from Toronto Research

hemicals, TRC (North York, Canada). Aminomethylphosphonic acid

AMPA) was from Sigma-Aldrich (Steinheim, Germany). Bromide,

hlorate and perchlorate were from Inorganic Ventures (Christians-

urg, USA). Isotopically–labeled internal standards, AMPA 

13 C 

15 N,

thephon D 4 , fosetyl–aluminum D 15 , 2-hydroxyethyl phosphonic

cid (HEPA) D 4 , glufosinate D 3 hydrochloride, N-acetyl-glufosinate

 3 , 3-methylphosphinicopropionic acid (MPPA) D 3 , glyphosate 1,2-
3 C 2 , 

15 N, N-acetyl-glyphosate D 3 , were purchased from LGC-Dr.

hrenstorfer and from Toronto Research Chemicals. Phosphonic

cid- 18 O 3 , 
18 O 3 -chlorate, 18 O 4 -perchlorate were supplied by the

URL-SRM in Stuttgart, Germany. 

.2. Instrument 

Chromatographic analysis was performed by a Shimadzu LC-

ystem equipped with two Nexera X2 LC-30AD pumps and a SIL-

0AC autosampler, coupled to a hybrid quadrupole/linear ion trap

ass spectrometer (6500 + QTRAP, Sciex Instruments, Concord, ON,

anada) with an electrospray ion source (ESI). Chromatographic

eparations were carried out on an Obelisc N (5 μm, 100 A, 150

m x 2.1 mm) HILIC column (SIELC, Wheeling, IL, USA), kept at

 constant temperature of 35 °C. Mobile phases were water with

% formic acid (mobile phase A) and acetonitrile (mobile phase B).

he mobile phase gradient ranged from 20% A increasing linearly

o 80% in one minute. This condition was kept during 11 minutes.

hen, the mobile phase was changed to the initial condition in 0.2

in and maintained until the end of the chromatographic run time

f 15 minutes. The flow rate was set at 0.5 mL min 

−1 and the in-

ection volume was 15 μL. 

The LC-ESI-QTRAP-MS system was used in the triple-quadrupole

ode operating in the multiple reaction monitoring (MRM) mode

ith a unit mass resolution set for Q1 and Q3. Declustering poten-

ial (DP), entrance potential (EP), collision energy (CE) and collision

ell exit potential (CXP) were optimised using flow injection anal-

sis. Optimal parameters for each pesticide are described in our

revious publication [22] . 

.3. Sample extraction 

Blank samples of oat milk, rice milk, soya milk, Pilsen beer,

heat beer, red wine and white wine were purchased in local

upermarkets in the city of Wageningen, The Netherlands. Be-

ore weighing of the samples, the bottles were shaken in order

o provide good homogenization. Then, two grams ( ± 0.1) of ho-

ogenised sample were weighed into a 50 mL centrifuge tube and

piked with 50 μL of isotopically-labelled internal standard (ILIS)

olution of 10 μg mL −1 . Then, 2 mL of dilution solvent (mixture

f acetonitrile/water, 6:4, v/v, containing 0.2% trifluoroacetic acid)

ere added and the tubes were shaken in an automatic axial ex-

ractor (Agytax®) during 5 min followed by centrifugation at 4150



S.H. Lopez, J. Dias and H. Mol et al. / Journal of Chromatography A 1625 (2020) 461226 3 

R  

r  

μ  

g  

f

2

 

l  

s  

t  

c  

c

 

c  

i  

a  

l  

c  

i  

i

 

t  

i  

t

M
 sol v

 

p  

c  

r  

l  

t  

w  

r

 

f  

s  

e  

s

3

3

 

s  

b  

t  

s  

s  

a  

a  

r  

[  

m  

w  

t  

t  

e  

c  

o  

p  

c  

i  

s  

e  

n  

r  

t  

m  

s  

m  

l  

l  

f  

a  

e  

t  

b  

fi  

i  

u  

fi

3

3

 

t  

i  

t  

c  

t  

t  

l  

m  

c  

c  

w  

n  

o

3

 

s  

p  

i  

p  

p  

(  

e  

t  

f  

i  

e  

a  

a  

f  
.C.F for 10 min, at 10 °C. Finally, the extracts were extra diluted di-

ectly in an autosampler vial by mixing 20 μL of extract with 480

L of dilution solvent. This results in a matrix concentration of 0.02

 mL −1 in the final extract, which corresponds to a final dilution

actor of 50. 

.4. Method validation 

Validation was carried out following the procedure estab-

ished in the EU SANTE guidelines [24] . The method was as-

essed for linearity of calibration curves, instrument limits of de-

ection and method limits of quantification, matrix effects, ac-

uracy (trueness and precision) according to the performance

riteria. 

Linearity was checked by injecting standards solutions at 5 con-

entration levels (0.2, 0.5, 1, 5 and 50 ng mL −1 ), four times each,

n order to evaluate the determination coefficient (r 2 ) and devi-

tion of back calculated concentrations. The instrument detection

imit (LODi) has been determined based on the lowest detectable

oncentration level measured with a repeatability RSDr < 33%. Cal-

bration curves have been constructed from calibration standards

n solvent and in matrix extracts. 

Matrix effects were determined by comparison of slopes ob-

ained from calibration curves from standards in solvent (n = 4) and

n matrix extract (n = 1) at the same range described above, using

he following formula: 

atrix e f f ect ( % ) = 

(
slope cal. curv e matrix − sl ope cal . curv e

slope c al. c urv e solv ent 

Trueness and precision were evaluated by spiking blank sam-

les at 10, 20, 50 and 200 μg kg −1 . Six replicates of each con-

entration were performed. According to the EU SANTE document,

ecoveries between 70 and 120% and relative standard deviations

ower than 20% should be achieved for method validation. From

he recovery experiments, method limits of quantification (LOQm)

ere determined as being the lowest spike level that fulfilled the

equirements for recovery and precision. 

Identification criteria were based on the EU SANTE guidelines

or retention time (tolerance of ± 0.1 min) and product ions re-

ponse ratio (MRM 2 /MRM 1 , tolerance of ± 30%), where the ref-

rence values were based on the average of the standards in

olvent. 

. Results 

.1. Extracts dilution 

In our previous published work [22] , we have proven that con-

iderable dilution of extracts before injection is essential to obtain

etter retention time stability, peak shapes and reduction of ma-

rix effects for fruits, vegetables and cereals. Due to the presence of

olid particles and/or proteins in some of the liquid sample types

tudied in the current work, an initial dilution with solvent and

 centrifugation step was necessary. Acetonitrile is known to be

 favourable solvent to precipitate proteins [25] . Acetonitrile is al-

eady present in the dilution/injection solvent (acetonitrile/water

6:4] with 0.2% TFA) for the HILIC run. Therefore, to 2 g of ho-

ogenised liquid sample, 2 mL of this dilution/injection solvent

as added, mixed, shaken and then centrifuged. Direct injection of

he 1:1 diluted samples was tested and also several dilution fac-

ors (5, 10, 20 and 50-fold) were evaluated again in this study. As

xpected, direct injection of the 1:1 diluted sample extracts still

aused problems with peak splitting and less good detectability
 ent 
)

× 100 

f some of the more problematic analytes. In traditional reversed-

hase chromatography, this peak splitting is normally caused by a

ombination of a high injection volume and a difference in mod-

fier strength in the injected volume and the composition of the

tarting mobile phase of the gradient programme. However, this

ffect is usually only observed with early eluting analytes, which is

ot the case in our present application. Also, the acetonitrile/water

atio of injection solvent and mobile phase is the same. Therefore,

he peak splitting must most likely be caused by a too high sample

atrix load / analyte concentration ratio, which disturbs a regular

tart of the chromatographic process (exchange of analyte between

obile and stationary phase) from the start of injection. Higher di-

ution factors improve significantly the results for the most prob-

ematic pesticides. For example, figure 1 shows the chromatograms

or perchlorate spiked at 100 μg kg −1 in plant-based milks, beer

nd wine. From this figure, it is clear that high dilution factors are

ssential to achieve better results. Perchlorate showed peak split-

ing when the dilution factor is less than 20 times for the plant-

ased milks and wine and less than 10 times for beer. In the same

gure, one can observe that retention time and peak shape also

mprove when increasing the dilution factor of extracts. After eval-

ating all analytes, a total dilution of 50 times was applied for the

nal method to be validated for all matrices. 

.2. Validation 

.2.1. Linearity 

Linearity was assessed by repeated injections (n = 4) of calibra-

ion standard solutions at 0.2, 0.5, 1, 5 and 50 ng mL −1 prepared

n matrix extract and in solvent. For plant-based milks, with excep-

ion of N-acetyl-glyphosate that presented a determination coeffi-

ient (r 2 ) of 0.98, all the evaluated compounds showed r 2 higher

han 0.99 and deviations of back calculated concentration lower

han 20%. For these matrices, the estimated instrument detection

imit (LOD i ) was set as the lowest measured concentration (0.2 ng

L −1 ). For beer and wine, all the analytes showed determination

oefficients higher than 0.99 and deviations of back calculated con-

entration lower than 20%. Therefore, the LOD i for beer and wine

as set at 0.2 ng mL −1 , as for the plant-based milks. The linear dy-

amic range is 0.2 – 50 ng mL −1 , which corresponds with a range

f 0.01 – 2.5 mg kg −1 for residue levels in the samples. 

.2.2. Matrix effect 

The matrix effects of the 14 analytes for the seven matrices

tudied are summarized in figure 2 . The majority of the com-

ounds showed a negative matrix effect for all the matrices stud-

ed. AMPA, glyphosate and HEPA showed the highest response sup-

ression (negative matrix effects) of all analytes. Besides, it is im-

ortant to highlight that HEPA showed the highest suppression

around -80%) for oat, rice and soya milks. MPPA showed the high-

st response enhancement for beer samples (54% on average). Fur-

hermore, opposite matrix effects were observed for MPPA, + 39%

or oat milk and -37% for soya milk. This effect was also observed

n our previous study [20] , where it was concluded that the matrix

ffect was typically dependent on the individual matrix and not on

 commodity group. Soya drink and oat drink are both considered

s plant-based milks, however, they showed different matrix ef-

ects. This behaviour shows that some matrices, even being similar,
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Figure 1 . Extracted MS/MS ion chromatograms for perchlorate, spiked at 100 μg kg −1 to blank samples of plant-based milks (A), beer (B) and wine (C), applying different 

dilution factors for the extracts. 

Figure 2. Matrix effects (%) for parent compounds (A) and metabolites (B) in 7 different matrices. 
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Table 1 

Recovery (%), RSD (%) and LOQm (μg kg −1 ) for the polar pesticides spiked to plant-based milks at 10, 20, 50 and 200 μg kg −1 . 

Pesticide 

Spike level (μg kg −1 ) ∗ LOQm 

(μg kg −1 ) 
10 20 50 200 

Rec (%) RSD (%) Rec (%) RSD (%) Rec (%) RSD (%) Rec (%) RSD (%) 

AMPA 100 8.2 100 9.7 100 1.8 99 2.7 10 

Bromide n.a. - n.a. - 89 14.9 98 8.7 500 

Chlorate n.a. - 91 18.1 100 8.5 100 3.1 20 

Ethephon 107 11.7 105 9.5 104 5.9 103 6.7 10 

Fosetyl 96 17.8 94 17.6 99 11.4 102 7.7 10 

Glufosinate 96 18.9 104 12.8 98 6.3 96 7.2 10 

Glyphosate 65 26.4 80 18.4 76 11.8 76 8.1 20 

HEPA n.d. n.d. n.d. n.d. n.d. n.d. 92 11.7 200 

MPPA 89 9.4 100 7.6 94 6.7 100 2.8 10 

N-ac-AMPA 96 11.6 104 3.6 101 7.5 107 4.1 10 

N-ac-glufosinate 81 12.3 91 7.6 100 4.8 105 3.0 10 

N-ac-glyphosate 108 5.3 105 10.5 99 6.2 103 4.7 10 

Perchlorate 106 6.8 104 4.9 102 2.1 101 6.2 10 

Phosphonic acid 94 8.5 97 3.9 99 4.0 98 1.6 100 

∗ For bromide and phosphonic acid, the spike levels were 100, 200, 500 and 2000 μg kg −1 . 

n.a.: not analyzed due to high blank value. 

n.d.: not detected. 

Table 2 

Recovery (%), RSD (%) and LOQm (μg kg −1 ) for the polar pesticides spiked to beer at 10, 20, 50 and 200 μg kg −1 . 

Pesticide 

Spike level (μg kg −1 ) ∗ LOQm 

(μg 

kg −1 ) 
10 20 50 200 

Rec (%) RSD (%) Rec (%) RSD (%) Rec (%) RSD (%) Rec (%) RSD (%) 

AMPA 101 6.1 92 8.8 90 6.7 89 3.4 10 

Bromide n.a. - n.a. - 96 17.6 95 3.5 500 

Chlorate 115 19.4 97 11.3 94 11.7 99 3.9 10 

Ethephon 112 15.7 105 7.4 95 9.6 99 7.0 10 

Fosetyl 97 14.6 110 15.1 104 12.8 100 6.2 10 

Glufosinate 119 4.6 114 7.6 106 4.2 98 4.0 10 

Glyphosate 108 14.1 92 12.7 80 9.2 76 9.1 10 

HEPA n.d. n.d. n.d. n.d. n.d. n.d. 95 3.1 200 

MPPA 104 12.0 98 6.2 102 1.8 98 2.2 10 

N-ac-AMPA 102 4.8 100 12.4 97 5.1 99 5.6 10 

N-ac-glufosinate 87 11.0 88 11.4 95 6.4 94 5.0 10 

N-ac-glyphosate 116 10.7 104 12.5 100 1.2 101 2.1 10 

Perchlorate 105 7.5 105 2.4 101 1.7 97 1.5 10 

Phosphonic acid 94 6.2 92 6.2 97 4.4 98 2.0 100 

∗ For bromide and phosphonic acid, the spike levels were 100, 200, 500 and 2000 μg kg −1 . 

n.a.: not analyzed due to high blank value. 

n.d.: not detected. 
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nterfere more with some of the analytes resulting in very oppo-

ite results, as shown for MPPA. N-acetyl-glyphosate showed nega-

ive matrix effects only for wine samples and the highest response

uppression was in white wine (-19%), but still within the range

onsidered as being not significant. Only for glyphosate, glufosinate

red wine), AMPA, HEPA and MPPA, significant matrix effects ( < -

0% or > + 20%) could be observed for different matrices. All these

ifferent behaviours, combined with the extreme suppression for

ome compounds, confirm the importance of using ILIS for quan-

ification. 

.2.3. Trueness and precision 

Recovery experiments were carried out at spike levels of 10, 20,

0 and 200 μg kg −1 and six replicates for each level. Bromide and

hosphonic acid were spiked at ten times higher levels (10 0, 20 0,

0 0 and 20 0 0 μg kg −1 ), because these compounds occur gener-

lly at much higher concentrations in real samples. For plant-based

ilk samples, two replicates of each matrix (oat, rice and soya

ilk) were employed for each level, in total six replicates. Even

hough the raw material belongs to different commodity groups

ccording to the SANTE document (Group 4 – high oil content, for

oya; group 5 – high starch content, for oat and rice), we assumed
hat the final product (plant-based milks) are similar matrices be-

ause fat is removed from soya milks during the production pro-

ess. For beer, three replicates of Pilsen beer and three of wheat

eer were used. For wine, three replicates of red wine and three

f white wine were used. In this way, it is possible to validate

he method for different matrix varieties of one product of a com-

odity group in a single validation set. The recovery experiments

ere planned this way, assuming that it could be the worst case

cenario, where RSDs could be higher than in case of validation

f an individual matrix. The acceptance criterion for the RSD is <

0%, as described in the SANTE document. In the tables 1 , 2 and 3 ,

he results for the recovery experiments performed for plant-based

ilks, beer and wine, respectively, are shown. 

Bromide was present at various background levels in all matri-

es tested (260, 600 and 260 μg kg −1 for plant-based milk, beer

nd wine, respectively) and could thus not be validated at the

ower levels, which resulted in higher validated LOQs of 500 μg

g −1 for plant-based milks and beer, and 200 μg kg −1 for wine.

hlorate in plant-based milk, and fosetyl and phosphonic acid in

ine could also not be validated at their lowest spike levels (10,

0 and 100 μg kg −1 , respectively), due to the presence of back-

round levels (36, 80 and 770 μg kg −1 , respectively). Although the
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Table 3 

Recovery (%), RSD (%) and LOQm (μg kg −1 ) for the polar pesticides spiked to wine at 10, 20, 50 and 200 μg kg −1 . 

Pesticide 

Spike level (μg kg −1 ) ∗ LOQm 

(μg 

kg −1 ) 
10 20 50 200 

Rec (%) RSD (%) Rec (%) RSD (%) Rec (%) RSD (%) Rec (%) RSD (%) 

AMPA 105 17.1 103 7.5 103 4.7 101 4.5 10 

Bromide n.a. - 116 14.3 116 12.0 112 10.8 200 

Chlorate 102 10.2 95 13.6 103 4.6 100 3.5 10 

Ethephon 95 16.4 103 12.5 108 4.6 101 4.7 10 

Fosetyl n.a. - 99 12.3 80 14.9 106 2.8 20 

Glufosinate 106 14.7 104 13.4 105 1.3 106 3.8 10 

Glyphosate 82 19.3 109 8.3 89 7.9 90 5.0 10 

HEPA 105 19.9 110 17.7 94 12.0 95 4.4 10 

MPPA 101 14.9 109 8.4 106 2.4 106 1.8 10 

N-ac-AMPA 101 8.5 99 2.9 101 5.3 101 4.5 10 

N-ac-glufosinate 92 17.3 99 12.3 104 3.6 103 5.0 10 

N-ac-glyphosate 124 3.4 116 7.1 94 8.1 87 5.1 10 

Perchlorate 103 8.1 101 4.5 102 1.7 100 1.5 10 

Phosphonic acid n.a. - 98 13.1 96 7.0 94 5.4 200 

∗ For bromide and phosphonic acid, the spike levels were 100, 200, 500 and 2000 μg kg −1 . 

n.a.: not analyzed due to high blank value. 

n.d.: not detected. 

Figure 3. Chromatograms of the quantification ion (I) and qualifier ion (II) of HEPA in solvent and spiked to samples at 10 μg kg −1 (A) and 200 μg kg −1 (B). 
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lowest spike levels could not be established as validated LOQ for

these 4 compounds, an estimated LOQ could be set as the lowest

concentration of the calibration curve in solvent (0.2 ng mL −1 , cor-

responding to 10 μg kg −1 ) due to the insignificant matrix effect,

ion ratio and retention time stability. 

For plant-based milk matrices, 10 out of the 14 compounds

were successfully validated at the lowest spike level (10 μg kg −1 ).

Glyphosate showed a RSD > 20% at the lowest spike level and,

therefore the validated LOQ is 20 μg kg −1 . Due to the high sup-

pression of the response for both product ions, HEPA could only

be validated at 200 μg kg −1 , the highest spike level. However, de-

spite acceptable ion ratios, the confirmation ion for this compound

at this concentration is at the limit of sensitivity. 

For beer samples, from the 14 analytes evaluated, 12 were

meeting the criteria for quantification and therefore were fully
alidated at 10 μg kg −1 , the lowest spike level. HEPA showed

imilar results as for the plant-based milk samples and it was

nly validated at 200 μg kg −1 , the highest spike level. How-

ver, other than with the plant-based milks, where the suppres-

ion affected both ions, in beer the quantification ion is sensi-

ive enough, even at 10 μg kg −1 . The sensitivity for the qualifier

on, though, was very low and its detection at low levels was not

ossible. 

For wine samples, 11 compounds were fully validated at the

owest spike level. HEPA showed a completely different behavior

or this matrix than for the other ones. Very good peak shape and

ensitivity for both quantification and qualifier ion were observed,

llowing full identification at 10 μg kg −1 . In figure 3 , the chro-

atograms for HEPA spiked to three matrix types at 10 and 200

g kg −1 are presented. The different behavior of this compound in
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Table 4 

Ion ratio differences (%) for plant-based milks, beer and wine 

Pesticide 

Plant-based milks Beer Wine 

Spike level (μg kg −1 ) ∗ Spike level (μg kg −1 ) ∗ Spike level (μg kg −1 ) ∗

10 20 50 200 10 20 50 200 10 20 50 200 

� Ion ratio standard matrix/standard solvent (%) 

AMPA -2.3 -6.3 -6.3 -0.5 5.6 8.2 1.0 -2.9 -7.3 -5.0 -0.9 -4.0 

Bromide 9.8 6.4 10.9 1.0 -0.3 1.4 3.9 -1.4 1.9 -3.0 -3.9 -1.4 

Chlorate -3.4 -1.1 4.7 2.3 -1.4 -8.3 -4.1 -4.5 -10.9 2.7 -7.3 1.2 

Ethephon 5.8 1.1 4.9 8.3 1.9 0.5 17.7 2.0 -5.6 -4.4 -3.3 -3.4 

Fosetyl -3.4 -6.4 -2.3 -3.6 -7.2 -4.7 0.6 -1.0 -28.4 -23.7 -22.1 -11.2 

Glufosinate 5.7 -2.2 -1.4 2.7 -6.9 -5.7 -5.3 -6.4 16.1 6.8 -0.6 0.0 

Glyphosate 20.7 9.6 6.2 11.2 1.6 4.8 2.4 8.5 14.2 0.3 7.0 11.3 

HEPA n.d. n.d. n.d. 5.8 n.d. n.d. n.d. -19.2 11.3 10.4 -3.1 -1.7 

MPPA -2.0 -2.7 1.4 -5.3 -17.7 0.7 -8.2 -2.0 2.6 -1.6 -1.0 -1.7 

N-ac-AMPA 12.9 13.4 7.0 1.2 16.6 5.0 0.5 2.1 12.3 19.5 4.3 5.1 

N-ac-glufosinate 6.3 -3.1 3.7 -0.7 16.9 7.5 7.3 1.4 12.9 15.6 3.0 1.6 

N-ac-glyphosate 3.2 0.4 4.5 -4.6 -1.3 -0.9 -2.8 1.5 13.3 -5.3 -0.5 -0.3 

Perchlorate -9.1 -6.4 -4.9 -0.6 -7.0 -8.6 -1.2 0.7 -3.6 -2.3 -1.6 0.2 

Phosphonic acid -1.0 -5.1 -2.0 -0.7 0.5 2.6 2.2 -0.5 1.7 1.1 1.5 1.0 

∗ For bromide and phosphonic acid, the spike levels were 100, 200, 500 and 2000 μg kg −1 . 

n.d.: not detected. 
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he different matrices, due to the ion suppression, especially for

he second ion, is clearly illustrated. 

In summary, it can be concluded that for 8 out of 14 ana-

ytes, the validation criteria for a quantitative method (recovery,

0-120%; RSD < 20%) were successfully met for all matrices tested,

t all 4 spike levels. Glyphosate had a validated LOQ of 10 μg kg −1 

or beer and wine samples, but 20 μg kg −1 for vegetable milk.

EPA could be validated at all levels for wine, but for plant-based

ilks and beer only at the highest level of 200 μg kg −1 . 

.2.4. Identification criteria: retention time and ion ratio 

Some studies have reported poor robustness and poor reten-

ion times stability when HILIC columns were used for polar pesti-

ides analysis [ 3 , 18 ]. For this reason, an extensive retention time

tability study was carried out by our group, especially for the

belisc N column, as described in our previous publication [22] . It

as demonstrated that this column has good retention time repro-

ucibility and robustness under our experimental conditions (high

xtracts dilution factors), because more than 80 0 0 injections on

he same column were performed with good results. The reten-

ion time stability was continued to be monitored throughout this

alidation study. 

According to the EU SANTE document [24] , the retention time

n the chromatograms of the analyte in a sample extract should be

ompared with the retention time of the analyte in the calibration

tandard. The allowed tolerance for retention time deviations is ±
.1 min. On the other hand, the ion ratio of the confirmation ion

nd quantification ion for analytes in sample extracts should not

eviate more than ± 30% (relative) from the average ion ratio of

alibration standard solutions from the same sequence [24] . 

For all matrices evaluated, retention time variations were much

ower than 0.1 min, demonstrating the robustness of the chromato-

raphic column, even after long sample sequences. It is important

o highlight that the column used for this validation is the same

s used for routine samples in our laboratory, as well as for many

ther validation studies. A total of 80 0 0 injections have been done

ith the same column and only two reconditioning procedures

ere necessary during all these batches of samples injected on it.

he reconditioning procedure included flushing the column with a

ixture of ammonium formate solution and acetonitrile and finally

ith EDTA solution. 

Ion ratio deviations (%) are shown in table 4 . As can be seen,

ll the compounds showed ion ratios within the acceptable range
f ± 30% for all spike levels. As HEPA was only quantified at 200

g kg −1 in plant-based milks and beer, the ion ratios were only

alculated for this concentration. 

. Conclusion 

In this study, a simple, robust and reliable selective mul-

iresidue method for the determination of highly polar pesticides

n plant-based beverages was developed and validated. Samples

ere diluted, shaken and centrifuged before extra dilution, fol-

owed by HILIC-MS/MS analysis. The method was successfully vali-

ated for most of the pesticides and their metabolites at the low-

st spike level (10 μg kg −1 ), obtaining good accuracy and preci-

ion. Despite of the high signal suppression for some analytes, like

MPA and HEPA, quantification was performed properly even for

hese analytes due to the use of isotopically labelled internal stan-

ards. This study proves once again that large dilution factors and

 highly sensitive mass spectrometer are essential for good reten-

ion time stability and peak shapes. 
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