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RESEARCH ARTICLE

Polar pesticides in food of animal origin: interlaboratory validation to 
evaluate method fitness-for-purpose of official control

Veronica Maria Teresa Lattanzioa, Biancamaria Ciascaa, Emanuela Verdinib , Christoph von Holstc , and 
Ivan Pecorellib

aInstitute of Sciences of Food Production, National Research Council of Italy, Bari, Italy; bChemistry Department, Istituto 
Zooprofilattico Sperimentale dell’Umbria e delle Marche “Togo Rosati”, Perugia, Italy; cEuropean Commission, Joint Research Centre 
(JRC), Retieseweg, Belgium 

ABSTRACT 
The present work reports on the design, execution and evaluation of results of an interla-
boratory validation study aimed at verifying the fitness-for-purpose of a LC-MS/MS method 
for the detection of polar pesticides in food of animal origin in official control and monitor-
ing programmes. To this scope, five participant laboratories, with relevant expertise, were 
recruited. After passing a pre-trial test, the participants were asked to analyse test samples 
of bovine fat, chicken eggs and cow’s milk, contaminated with 11 polar pesticides (group A: 
Aminomethyl phosphonic acid (AMPA), cyanuric acid, ethephon, glyphosate, fosetyl alumin-
ium, 2-hydroxyethyphosphonic acid (HEPA), maleic hydrazide, N-acetyl-glyphosate, group B: 
N-acetyl glufosinate (NAG), 3-methylphosphinicopropionic acid (MPP) and glufosinate 
ammonium) at two different levels (0.05 and 0.25 mg/kg� 1 and 0.01 and 0.05 mg/kg� 1 for 
group A and B respectively. The method was based on acidified methanol/water extraction 
followed by dSPE clean up with C18 sorbent. For LC-MS/MS analysis isotopically labelled 
standards were used for all targeted analytes. With a couple of exceptions, average recov-
eries ranged from 85% to 110%, with repeatability (RSDr) ranging from 3% to 25%, and 
reproducibility (RSDR) from 4% to 26%. The assessment by different laboratories provided 
also insights on key factors impacting method performance characteristics and its imple-
mentation by new users.
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Introduction

Glyphosate is a chemical used worldwide in plant 
protection, as well as the most known pesticide 
from the so-called “highly polar pesticides”, due 
to the controversial debate about its toxicity in 
the last years.

Within the renewal process (EC 2023) glypho-
sate has been thoroughly assessed by Member 
States, the European Chemicals Agency (ECHA) 
and the European Food Safety Authority (EFSA) 
(EFSA and ECHA 2023). The assessment led to 
the adoption of Implementing Regulation (EC) 
2022/2364 by the Commission in December 2022 
(EC 2022), which extended the five-year approval 

of this active substance by one year until 15 
December 2023.

Similarly, there are many other highly polar 
pesticides, such as glufosinate, fosetyl, ethephon 
and their metabolites which form an extremely 
challenging group of residues to be analysed due 
to their physical-chemical properties (Verdini 
and Pecorelli 2022). For the majority of these 
polar pesticides, Maximum Residue Levels 
(MRLs) have already been established including 
metabolites in the residue definition (Regulation 
(EC) No 396/2005), while for glyphosate no 
metabolites are yet included. For this reason, a 
revision of MRLs has been suggested, considering 
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inclusion of metabolites (EFSA 2019; EFSA 
2022). In the case of monitoring of animal com-
modities, the sum of glyphosate and N-acetyl gly-
phosate, expressed as glyphosate, was required in 
order to consider also future MRL-setting pro-
cedure. (EFSA 2018; EFSA 2022)

To cope with the gap of information about 
the presence of glyphosate and its metabolites 
in products of animal origin, EFSA recom-
mended the development of confirmatory meth-
ods for glyphosate, aminomethyl phosphonic 
acid and N-acetyl-glyphosate in fat, liver and 
kidney. The results from the monitoring pro-
grammes are a valuable source of information 
for estimating the dietary exposure of EU con-
sumers. Regulation (EC) 2021/601 for the 
multi-year control plan (2022–2024) requires 
the analysis of glyphosate and glufosinate 
ammonium, specifically the analysis of cow’s 
milk and swine fat for the year 2022, poultry 
fat and bovine liver for 2023, and bovine fat 
and chicken eggs for 2024 (EC 2021). 
Therefore, robust analytical methods are needed 
for the above target matrices to support official 
control requirements and to evaluate the con-
sumer exposure to polar pesticide residues. A 
method based on QuPPE (Quick Polar 
Pesticides) for the determination of polar pesti-
cides in food of animal origin (QuPPE-AO) 
(Anastassiades et al. 2019) was developed by 
the EU Reference Laboratory for Single Residue 
of Pesticides (EURL SRM) and assessed by a 
collaborative study involving 17 laboratories 
(EURL-SRM EU Reference Laboratories for 
Residues of Pesticides 2021). To the best of our 
knowledge, no other collaborative studies con-
cerning polar pesticides in food of animal ori-
gin have been reported so far. One trial only, 
covering glufosinate and its main metabolites 
(NAG and MPP) in 11 foods of plant origin, 
was recently published by Wu et al. (Wu et al. 
2023).

Having regard to the lack of inter-laboratory 
studies in the field of polar pesticides, the only 
attempt to harmonise performances among the 
official EU laboratories is represented by the pro-
ficiency tests (PTs) organised by the EURLs.

Two European Union Proficiency tests 
(EUPTs), dealing with polar pesticides in 

commodities of animal origin, were scheduled 
over time: the EUPT-SRM-9, organized in the 
year 2014 for the determination of glyphosate 
and other pesticides such as glyphosate, cyanuric 
acid and maleic hydrazide in cow’s milk (EURL- 
SRM 2014) and the EUPT-SRM-14, organized in 
the year 2019, for the determining of highly polar 
pesticides (including AMPA, glyphosate and N- 
acetyl glyphosate) in bovine liver homogenate 
(EURL-SRM 2019). In the EUPT-SRM-9, the 
analysis of glyphosate and maleic hydrazide was 
mandatory whereas cyanuric acid was voluntary. 
Since test samples provided in the EUPT-SRM-9 
were not contaminated with glyphosate and cyanu-
ric acid, the z- scores could not be calculated. Only 
one participant laboratory (out of 69) reported a 
false positive result for glyphosate. In the case of 
maleic hydrazide, 30 out of 69 laboratories reported 
results, of which 87% were acceptable (z-score �
2) and 13% were not acceptable (2 laboratories 
obtained z-score > 3 and 2 laboratories reported 
false negative results). Overall, a need for perform-
ance harmonization among the EU National 
Reference Laboratories participating in the EUPT- 
SRM-9 emerged from this collaborative exercise.

In the case of EUPT-SRM-14, many polar pes-
ticides were included in the list of mandatory 
(glyphosate) or voluntary (AMPA, MPP, N-acetyl 
glyphosate, glufosinate, N-acetyl lugfosinate) 
ones. Acceptable performance results (z-score �
2) were provided by 88% of laboratories for gly-
phosate, 90% for AMPA, 81% for N-acetyl gly-
phosate and 85% for MPP.

The aim of this work was to assess the fitness-for- 
purpose of monitoring and compliance testing by 
official control laboratories of a LC-MS/MS method 
for the determination of 11 polar pesticides - namely 
AMPA, cyanuric acid, ethephon, glyphosate, fosetyl 
aluminium, 2-hydroxyethyphosphonic acid (HEPA), 
maleic hydrazide, N-acetyl-glyphosate, N-acetyl glu-
fosinate (NAG), 3-methylphosphinicopropionic acid 
(MPP) and glufosinate ammonium in bovine fat, 
chicken eggs and cow milk. The method, previously 
in-house validated and accredited (Verdini et al. 
2023), was challenged in an interlaboratory-valid-
ation study, involving 5 laboratories, to verify its 
robustness, estimating method performance charac-
teristics and to get insights into critical issues in 
method transferability.
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Materials and methods

Chemicals and reagents

The following chemicals and reagents were 
provided by the study organizers: EDTA 
(Ethylenediaminetetraacetic acid disodium salt 
dihydrate) � 99% (Merck, Darmstadt, Germany); 
C18 sorbent PolygoprepTM 300-30 C18 
(Macherey-Nagel GmbH & Co. K G,D€uren, 
Germany); ready to use pesticide solutions in 
acetonitrile (for blind spiking experiments and 
preparation of matrix matched calibrants) pur-
chased from Lab Instruments Srl (Castellana 
Grotte, Italy):

� spike mix 1, mixed stock solution to be used for 
spiking procedure: 5 mg mL� 1 AMPA, cyanuric 
acid, ethephon, fosetyl Al, glyphosate, HEPA, 
maleic hydrazide, N-acetyl- glyphosate)

� spike mix 2, mixed stock solution to be used for 
spiking procedure: 5 mg mL� 1 glufosinate 
ammonium, MPP, NAG

� spike mix 3 and spike mix 4, pure acetonitrile 
to be used for blind spiking of blank samples

� IS spike 1, mixed stock solution of labelled 
internal standard (ISTD) to be used for spiking 
procedure: 5 mg/mL AMPA-13C,15N cyanuric 
acid 3C3, ethephon D4, fosetyl Al D15, glyphosate 
2-13C,15N, HEPA D4, N-Acetyl-glyphosate 
13C2,15N and maleic hydrazide D2, 1 mg mL� 1 

glufosinate ammonium D3, MPP D3 and 
NAG D3

For sample extraction and analysis, participants 
in the trial study were requested to use syringe 
filters (13 mm, 0.2 mm, PTFE) and reagents of 
recognized analytical grade and specifically the 
following: water, acetonitrile, methanol and for-
mic acid.

Test materials

Three commodities - bovine fat, cow milk and 
chicken eggs (about 500 g each) were selected 
including samples purchased from an Italian 
retail market. Prior to their use in this study, the 
absence of contamination was verified by analysis 
of the pesticides content according to the in- 
house validated method (Verdini et al. 2023). In 

the case of bovine fat and chicken, samples were 
ground by a knife mill (GRINDOMIX GM 300, 
Retsch GmbH, Haan, Germany) with dry ice 
prior to the analysis. For each commodity, ali-
quots of blank samples to be spiked for recovery 
evaluation and to prepare matrix matched cali-
bration standards were dispensed in plastic bot-
tles (2.0 ± 0.1 g each) that were labelled, sealed, 
and stored at � 20 �C until dispatch for trial 
study.

Study layout

Pre-trial
Prior to the full validation study, laboratories had 
to participate in a pre-trial study to become 
familiar with the correct execution of the method 
protocol and to optimize the LC-MS/MS condi-
tions for the detection of the target pesticides in 
terms of required instrumental sensitivity. For 
the pretrial step, each participant was asked to 
analyse – as blind samples - a sample fortified at 
the limit of quantification (LOQ) and two 
matrix-matched calibrants, corresponding to 
LOQ and 2 x LOQ for each of the three matrices 
included in the study. The LOQ was equal to or 
lower than the MRL for ethephon, fosetyl Al, gly-
phosate, maleic hydrazide and equal to the LOQ 
of the method for the other pesticides as defined 
in the Regulation EC 396/2005 and subsequent 
amendments (European Union 2005). The LOQ 
was previously estimated via in house validation 
study (Verdini et al. 2023) using the same proto-
col. In the report form, each participant was 
asked to report the area and the signal-to-noise 
ratio (S/N) related to each pesticide/matrix com-
bination including the two-matrix matched 
calibrants.

For pre-trial each participant received the fol-
lowing samples, consumables and documents:

� 2 aliquots of blank sample (2.0 g each) for each 
commodity comprised of 1 aliquot to be used 
for recovery evaluation by spiking and 1 aliquot 
to be used to prepare one blank (unspiked) sam-
ple and two matrix matched calibration 
solutions;

� Mixed pesticides standard solutions in aceto-
nitrile (spike mix 1 and spike mix 2, see Section 
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1d) and a mixed ISTD solution in acetonitrile 
(IS spike 1), both to be used for spiking pur-
poses and calibrants preparation. Pesticides con-
centrations in the provided solutions were blind.

� 5 Plastic tubes with C-18 sorbent (100 mg)
� 1 plastic tube with EDTA (500 mg), to be used 

for the preparation 5 mM EDTA solution in 
water (100 ml)

� Method protocol in SOP (Standard Operating 
Procedure) format and reporting sheets

After completion of the pre-trial phase, the 
laboratories participated in the validation study 
to estimate the precision of the candidate method 
under repeatability and reproducibility conditions 
(as defined in SANTE 11312/2021). The accuracy 
of the method was evaluated by spiking experi-
ments at two different levels: a low level (LOQ – 
labelled as Level C) and a high level (5xLOQ – 
labelled as Level A). Five public laboratories 
involved in the official controls participated in 
the trial. Participants received the following 
materials:

� 16 aliquots of blank sample (2.0 g each) for each 
commodity comprised of 5 aliquots labelled as 
level A, 5 aliquots labelled as level B, 5 aliquots 
labelled as level C. After spiking (according to 
the procedure described in the following) sam-
ples labelled as level A and C resulted to be 
spiked at LOQ and 5 x LOQ and were used for 
recovery evaluation, whereas samples labelled as 
level B resulted to be blank, one aliquot labelled 
as BLANK was also provided to be used to pre-
pare one blank (unspiked) sample and the 
matrix matched calibrant solutions used for the 
calibration curves (6 points for chicken egg and 
cow milk and 5 points for bovine fat)

� 1 additional blank sample (20 g), for each com-
modity, to be used to repeat the experiments in 
case of necessity;

� Mixed pesticides standard solution in acetonitrile 
(spike mix 1, spike mix 2) and pure acetonitrile 
(spike mix 3 and spike mix 4) and ISTD solu-
tion in acetonitrile (mix IS cal 1) to be used for 
spiking purposes and calibrants preparation (see 
Section Pesticide Solutions). Pesticides’ concen-
trations in the solutions provided were blind to 
participants.

� 20 plastic tubes with C-18 sorbent (100 mg).
� 1 plastic tube with EDTA (500 mg) to be used 

for the preparation of 100 mL of a 5 mM EDTA 
solution in water.

� Analytical method protocol in SOP (Standard 
Operating Procedure) format and reporting 
sheets

Pesticide solutions

Participants were asked to prepare blind working 
solutions by diluting the spike mix solutions pro-
vided by the study organizers (section 1b) 
according to the following protocols:

� spike mix 5, mixed pesticide solution to be used 
for spiking purposes, to be prepared by 5 times 
dilution of spike mix 2

� mix cal 1 and mix cal 2, working solutions to 
be used for preparation matrix-matched calibra-
tion standards. Mix cal 1 was prepared by 25- 
time dilution of spike mix 1 and spike mix 5 in 
10% ACN in water (v/v), mix cal 2 was prepared 
by 4-time dilution of mix cal 1.

� mix IS cal, working solutions to be used for 
preparation of matrix-matched calibration solu-
tions, was prepared by adding 30 mL of IS spike 
1 to 970 uL of 10% ACN in water (v/v)

Each participant laboratory was asked to pre-
pare matrix-matched calibrant solutions by add-
ing appropriate volumes of mix cal 1 and mix cal 
2 and internal standard mix (mix IS) to the blank 
sample extract, more details are given in the sup-
plementary material (Table S1). Blank sample 
extracts were prepared as described in section 
Sample preparation.

Sample preparation

Bovine fat
Bovine fat was analysed according to the follow-
ing steps.

To the test sample (2.0 g), 10 mL of water and 
10 mL of MeOH containing 1% formic acid (v/v) 
were added. After vortexing for 30 s, the sample 
was placed in a water bath at 80 �C for 3 min 
until the fat was completely melted to permit 
quantitative pesticide’s extraction. Afterwards the 
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sample was mechanically shaken for 2 min and 
placed in the freezer at � 80 �C for 15 min. After 
10 min of centrifugation (15000� g, 10 �C) the 
extract was passed through a 0.22 mm PTFE filter. 
Finally, 0.25 mL of the filtered extract was com-
bined with 0.25 mL of water directly into plastic 
vials for instrumental analysis. The final matrix 
equivalent concentration was 0.05 g mL� 1.

Chicken eggs
Chicken eggs were analysed as follows.

Test sample (2.0 g) was first mixed with 8 mL 
of water. After vortexing for 30 s, 10 mL of 
MeOH containing 1% of formic acid (v/v) were 
added. The sample was mechanically shaken for 
5 min. Subsequently, the sample was placed in a 
freezer at -80� C for 15 min and centrifuged for 
10 min (15000� g, 10� C). For purification pur-
pose 2 mL of supernatant and 2 mL of acetonitrile 
were added in the centrifuge tube containing 
100 mg of C18 sorbent, vortexed for 1 min and 
centrifuged for 10 min (15000� g, 0 �C). The 
supernatant (2 mL) was collected with a plastic 
syringe and filtered through a 0.22 mm PTFE fil-
ter. 0.5 mL of the final extract (equals to 0.05 g 
mL� 1 of matrix concentration) was injected into 
the LC-MS/MS instrument.

Cow’s milk
Cow’s milk was analysed as follows.

To the test sample (2.0 g), 6 mL of water, 2 mL 
of EDTA solution (5 mM) and 10 mL of MeOH 
containing 1% formic acid (v/v) were added. The 
samples were mechanically shaken for 5 min. 
Successively, the samples were placed in a freezer 
at -80 �C for 15 min and centrifuged, still cold, 
for 10 min. (15000� g, 10� C). The supernatant 
(2 mL) was withdrawn with a plastic syringe and 
filtered through a 0.22 mm PTFE filter. Finally, 
0.25 mL of the filtered extract was combined with 
0.25 mL of water and dispensed directly into plas-
tic vial. The final matrix equivalent concentration 
was 0.05 g mL� 1.

Spiking procedure

For the determination of the recoveries and pre-
cision, the laboratories spiked the blank samples 
with the mixed stock solutions spike mix1, spike 

mix2, spike mix3, spike mix 4, spike mix5 and IS 
spike 1, as described in Table S2. Samples were 
spiked just prior to the extraction.

LC- MS/MS analysis

The choice and optimization of the LC–MS/MS 
set up, including the chromatographic column 
was left to the participants. Examples of suitable 
LC-MS/MS settings were provided with the SOP, 
more details are given in the supplementary 
material (Table S3–S7). In Figure 1 an example 
of chromatographic separation for the different 
columns are shown.

A mandatory requirement was to not use ion 
exchange chromatography to separate target pesti-
cides, but only columns based on the partition 
principle. The use of the same type of chromato-
graphic separation column for all laboratories, 
based on the partition principle, was required to 
ensure greater homogeneity of results and, consid-
ering that partition columns are the most widely 
used, this type of separation was selected. For 
pesticide identification, it was requested to fulfil 
the criteria defined in the SANTE/11312/2021 
document (European Commission 2021).

Calculations

To provide more reliable results an internal 
standard calibration was selected. For this pur-
pose, the ratio of the peak area of each analyte to 
the peak area of the related labelled analogue was 
calculated for each analyte. These ratios (RF – 
response factor) were then used in all subsequent 
calculations. A calibration curve, for each analyte, 
was prepared by plotting the RF calculated in the 
calibration solutions reported in Table S1 (Y- 
axis), against the corresponding amount (ng 
mL� 1) of analyte injected on column (X axis).

Then mass fraction was calculated according to 
the following equation:

C mg=kg
� �

¼
RF � bð Þ

a
�

DF
1000

(1) 

� RF is the response factor (adimensional)
� a is the slope of the calibration curve from cali-

bration data (mL ng� 1);
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Figure 1. Reports an LC–MS/MS chromatograms of a chicken eggs sample spiked at 0.005 mg/kg for AMPA, cyanuric acid, ethe-
phon, fosetyl Al, glyphosate, HEPA, maleic hydrazide, N-Acetyl- glyphosate; at 0.001 mg/kg for glufosinate ammonium, MPP, and 
NAG for three different chromatographic columns. Raptor polar X (30x2.1 mm, 2.7 mm); Hypercarb (100x2.1 mm, 5 mm); Anionic 
Polar Pesticides (APP, 100x2.1 mm, 5 mm).
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� b is the intercept of the calibration curve from 
calibration data;

� 1000 is a conversion factor
� DF is the dilution factor of the method, here: 20 

(mL g� 1)

The DF was calculated according to formula (2):

DF ¼
V1
ma

(2) 

� V1 is the final volume of the test sample, here: 
0.5 mL;

� ma is the sample equivalent weight in the final 
test sample, here: 0.025 g, calculated following 
the formula (3):

ma ¼
m � V3

V2
(3) 

m is the mass of the extracted test portion, 
here: 2.0 g

V2 is the volume of the extraction mixture, here: 
20 mL

V3 is the volume of extract collected, in mL, here: 
0.25 mL

Result and discussion

Pretrial results

Prior to the full validation study, the laboratories 
were involved in the pre-trial study. The aims of 
the pre-trial were to check the sensitivity of the 
instrumentation and verify whether it was able to 
detect each pesticide at the LOQ level, corre-
sponding to the lowest level proposed for valid-
ation. Overall, all participants report that they 
were able to reproduce the method’s protocol 
without significant deviations from the stated 
steps. The trickiest step was reported to be the 
filtration of the milk extract on PTFE filter, 

which was sometimes was hampered by filter 
blockage, thus requiring careful handling or the 
use of centrifuge filters. Matrix effects for early 
eluting compounds (cyanuric acid and maleic 
hydrazide) were reported by the participant using 
the Anion Polar Pesticide column (Waters), 
which is a column operating in hydrophilic inter-
action liquid chromatography (HILIC) and weak 
anion exchange modes. The results forms were 
returned by five laboratories (1,2,3,4,5) out of six 
participating in the pre-trial. One laboratory (lab 
6) was not able to achieve the necessary instru-
mental sensitivity and was therefore withdrawn 
from the study. One participant reported accept-
able sensitivity only for few molecules (4/11) in 
all matrices. The issue was solved by changing 
the LC conditions. Specifically, the participant 
finally chose a HypercarbTM, column instead of 
the formerly used Raptor Polar X as suggested by 
the interlaboratory study coordinator. The Raptor 
Polar X column was also tested by the study 
coordinator to propose different alternatives to 
separate the target polar pesticides. This column 
was identified as a suitable candidate to retain 
polar compounds due to its new stationary phase 
combining both hydrophilic interaction chroma-
tography (HILIC) and ion exchange approach on 
a single ligand, but showed poor signal stability 
and a double peak for glyphosate in the egg 
matrix. The final optimised instrumental set-up 
for each participant is shown in Table 1, more 
details are given in the supplementary material 
(Table S8–S9).

Trial study

All five laboratories passing the pre-trial test, par-
ticipated in the full trial providing complete 
report forms.

Based on the data provided, recoveries, repeat-
ability and reproducibility standard deviations 
(SDr and SDR) and relative standard deviations 

Table 1. Overview of LC-MS/MS systems used by the trial participants (�column dedicated to analyse maleic 
hydrazyde).
Lab Column LC MS

1 HypercarbTM, 2.1 x 100 mm, 5mm (Thermo Scientific) Sciex UHPLC ExionLC Sciex QTRAP 6500
2 Acquity Torus DEA, 2.1x100mmm, 1.7 mm (Waters) Waters Acquity UHPLC Sciex QTRAP 5500
3 Anion polar pesticide, 2.1 x 100 mm, 5mm (Waters) Waters Acquity UHPLC Waters XEVO TQ-S
4 HypercarbTM, 2.1 x 100 mm, 5mm (Thermo Scientific) Sciex UHPLC ExionLC AD Sciex QTRAP 6500
5 1) Anion polar pesticide, 2.1 x 100 mm, 5mm (Waters) 

2) Obelisc R 2.1 x 150 mm, 5mm (SIELC) �
Shimadzu Nexera Sciex QTRAP 6500þ
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(RSDr and RSDR) of the method were determined 
for each pesticide and for each spiked level. 
Robust statistical methods were used for the esti-
mation of repeatability and reproducibility as 
described in ISO 5725 Part 5 (ISO 5725-5, 1994). 
Since the EXCEL macro used for statistics calcu-
lation required an equal number of results per 
laboratory, only laboratories with a complete set 
of 5 analytical values were included in the calcu-
lation of the robust statistics. If a value provided 
by a laboratory was considered as an extreme 
one (f.i. extremely low detected mass fractions – 
below 20% of the spiking level) the whole set of 
data, provided by the specific participant, was 
eliminated prior to the calculation of the method 
performances. The overview of the processed 
results is in Figure 2 and Table 2. The method 
was developed and validated with the perspective 
to be applied for monitoring and compliance 
testing purposes by official control laboratories, 
therefore method performances were assessed 
according to SANTE/11312/2021 criteria.

Overall recoveries and repeatability were com-
pliant with the acceptability criteria.

Specifically, average recoveries ranged from 
85% to 110%. Analysis of samples contaminated 
at high level resulted in RSDr ranging from 3% 
to 18%, and RSDR from 4% to 26%. The RSDr 
values obtained for samples contaminated at the 
lowest evaluated level, ranged from 5% to 25% 

whereas RSDR from 8% to 41%. Higher values 
for the RSDR were obtained for samples contami-
nated at the lowest studied level, specifically high 
values were obtained at 0.01 mg/kg for NAG in 
bovine fat matrix (41%) and glufosinate ammo-
nium in bovine fat and milk, 26 and 30% 
respectively.

Only for NAG, MPP and glufosinate-ammo-
nium, the investigated levels in the in-house 
study differed slightly from those used in the test 
study. In particular, for NAG in bovine fat, a bet-
ter repeatability value was obtained at the lowest 
level studied, which was double the lowest level 
in the test study (9% RSDr at 0.025 mg/kg vs. 
41% RDSR at 0.01 mg/kg) (Verdini et al. 2023).

Overall, average recovery and method preci-
sion obtained in the trial study confirmed data 
obtained in house validation study (Verdini et al. 
2023)

The most challenging analyte was cyanuric 
acid in all matrices. Two laboratories (lab 2 and 
lab 5) using a LC column other than the 
HypercarbTM reported no results, probably 
because the cyanuric acid was poorly retained 
and eluted too close to the solvent front. On the 
other hand, lab 3 was able to achieve satisfactory 
recoveries using APP column but only after to a 
careful optimization of the chromatographic con-
ditions (see the final optimized conditions in 
Table S8 – supplementary material). An example 

Figure 2. Graphic overview of the study results: relative recovery rate (%) ± RSDR for polar pesticides in bovine fat (A), chicken 
egg (B) and cow milk (C). The dotted lines indicate the range of acceptability according to SANTE/11312/2021 criteria.
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Table 2. Method performance characteristics for all analyte/matrix. The samples were spiked at two concentration levels: equal 
to or lower than the MRLs (spiking level A) and at levels corresponding to 5 times the LOQs (spiking level C). For the other pesti-
cides were no MRL in food of animal origins are already sets, the lowest level (LOQ) was set at the same concentration set for 
LOQ during in-house validation study (Verdini et al. 2023). n.i.: not included in the MRL definition. � ¼ LOQ could be equal to 
MRL. Average RSDr (%) obtained in the house validation study (Verdini et al. 2023) were also reported ��validation level used in- 
house validation.

Molecule
Material 

Description
MRL 

(mg kg-1)
Spiking level  

(mg kg-1)
No. of  
Labs.

No. of  
replicates

Mean  
(mg kg-1)

Average  
Recovery (%)

RSDr  
(%)

RSDR  

(%)

AMPA (glyphosate 
metabolite)

Bovine fat n.i. 0.05 5 25 0.05 101 11.9 11.9
0.25 5 25 0.25 102 4.9 5.3

Chicken egg n.i. 0.05 5 25 0.05 99 15.9 17.5
0.25 5 25 0.25 99 8.8 21.0

Cow milk n.i. 0.05 5 25 0.05 97 9.7 12.2
0.25 5 25 0.26 103 5.9 5.9

Cyanuric acid Bovine fat Not set 0.05 3 15 0.05 94 4.9 24.4
0.25 3 15 0.26 105 4.6 7.7

Chicken egg Not set 0.05 3 15 0.05 103 7.3 22.
0.25 3 15 0.23 92 6.2 18.1

Cow milk Not set 0.05 3 15 0.04 85 19.5 22.5
0.25 3 15 0.26 103 11.4 12.8

Ethephon Bovine fat 0.05� 0.05 4 20 0.05 99 7.0 7.9
0.25 5 25 0.24 96 6.5 6.9

Chicken egg 0.05� 0.05 5 25 0.05 96 6.7 8.7
0.25 5 25 0.24 96 5.3 17.7

Cow milk 0.05� 0.05 5 25 0.05 96 12.4 12.4
0.25 5 25 0.25 101 4.9 6.6

Fosetyl Al Bovine fat 0.5� 0.05 5 25 0.05 96 6.3 10.4
0.25 5 25 0.24 97 4.2 6.3

Chicken egg 0.1� 0.05 5 25 0.05 97 5.8 11.7
0.25 5 25 0.24 95 4.4 7.4

Cow milk 0.5 0.05 5 25 0.05 107 9.6 9.6
0.25 5 25 0.24 97 4.9 4.9

Glyphosate Bovine fat 0.05� 0.05 5 25 0.05 94 10.7 17.5
0.25 5 25 0.24 95 4.5 10.1

Chicken egg 0.05� 0.05 3 15 0.06 110 8.6 23.0
0.25 4 20 0.23 93 10.2 21.0

Cow milk 0.05� 0.05 5 25 0.05 101 8.2 14.7
0.25 5 25 0.25 101 5.1 19.9

Glufosinate Ammonium Bovine fat 0.1 0.01 5 25 0.01 106 25.3 25.9
0.05 5 25 0.05 99 10.3 18.8

Chicken egg 0.05 0.01 4 20 0.01 107 19.4 20.8
0.05 5 25 0.05 104 13.7 16.7

Cow milk 0.03� 0.01 5 25 0.01 97 22.9 30.1
0.05 5 25 0.05 100 11.5 16.8

HEPA (ethephon 
metabolite)

Bovine fat n.i. 0.05 4 20 0.05 103 9.3 10.3
0.25 4 20 0.25 99 3.4 4.8

Chicken egg n.i. 0.05 4 20 0.05 94 6.2 9.3
0.25 4 20 0.24 98 5.6 16.6

Cow milk n.i. 0.05 4 20 0.05 103 9.3 10.3
0.25 4 20 0.25 99 3.3 4.1

Maleic hydrazide Bovine fat 0.1 0.05 4 20 0.05 98 8.0 17.2
0.25 4 20 0.25 101 11.4 11.4

Chicken egg 0.1 0.05 4 20 0.04 89 10.9 24.6
0.25 4 20 0.23 91 9.6 26.0

Cow milk 0.07 0.05 4 20 0.05 106 19.4 20.4
0.25 4 20 0.27 106 17.7 18.2

MPP (glufosinate 
metabolite)

Bovine fat Included in  
glufosinate  
ammonium  
definition

0.01 5 25 0.01 98 15.2 16.0
0.05 5 25 0.05 100 8.9 10.6

Chicken egg 0.01 5 25 0.01 98 15.2 16.0
0.05 5 25 0.05 91 9.1 20.7

Cow milk 0.01 5 25 0.01 102 17.1 24.0
0.05 5 25 0.05 99 11.7 12.7

NAG 
(glufosinate metabolite)

Bovine fat Included in  
glufosinate  
ammonium  
definition

0.01 4 20 0.01 104 21.7 41.4
0.05 5 25 0.05 100 10.9 16.4

Chicken egg 0.01 4 20 0.01 93 14.4 15.4
0.05 5 25 0.04 88 9.4 17.9

Cow milk 0.01 5 25 0.01 96 22.0 22.0
0.05 5 25 0.05 99 9.8 10.4

N-acetyl glyphosate 
(glyphosate metabolite)

Bovine fat n.i. 0.05 4 20 0.04 88 12.7 24.6
0.25 4 20 0.23 90 5.9 18.0

Chicken egg n.i. 0.05 3 15 0.05 93 15.8 18.4
0.25 3 15 0.23 91 6.5 15.6

Cow milk n.i. 0.05 4 20 0.05 105 12.2 13.6
0.25 4 20 0.25 100 6.3 7.0
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Figure 3. Selected ion chromatogram of (A) bovine fat, (B) chicken egg and (C) cow milk sampled spiked with 0.25 mg kg -1 
AMPA, cyanuric acid, ethephon, glyphosate, fosetyl aluminum, HEPA, maleic hydrazide and N-acetyl-glyphosate, 0.01 mg kg -1 of 
glufosinate ammonium, MPP, N-acetyl glufosinate (NAG) and relevant isotopically labelled internal standard (sum of quantifier and 
qualifier transition for each analyte - upper line, ISTD quantifier transition—lower lines) analyzed with Anionic Polar Pesticides 
(APP, 100x2.1 mm, 5 mm) column.
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of suitable LC-MS/MS setting obtained by APP 
column for the three matrices were provided in 
Figure 3.

N-acetyl glyphosate resulted to be challenging 
in the egg matrix, since only 3 out of 5 partici-
pants reported a full data set for this residue. 
This was tentatively attributed to challenges in 
the LC separation. N acetyl glyphosate shows a 
broad and late-eluting peak on the HILIC sta-
tionary phase (used by Lab 2, 3, 5) affecting its 
reliable detection and quantification. Lab 5, could 
not report any data for all matrices, probably 
because the selected chromatographic conditions 
did not allow the elution of N-acetyl glyphosate, 
which is strongly retained in this column. This 
behaviour was also in agreement with the study 
by Dias et al. (Dias et al. 2021) on the influence 
of three different HILIC columns on the deter-
mination of N acetyl glyphosate and other 
anionic pesticide in feed matrix. To improve the 
retention factor of N acetyl glyphosate on the 
Anionic Polar Pesticide column, Lab 3 changed 
the mobile phase composition by using a mixture 
of methanol and acetonitrile for eluent B to 
increase the eluting strength on the HILIC col-
umn. Finally, lab 2 reported unsatisfactory results 
only for egg matrix –for N acetyl glyphosate – 
probably due to some matrix-related interference.

Conclusions

A previously in-house validated and accredited 
LC-MS/MS method for the determination of polar 
pesticides in food of animal origin was challenged 
in an interlaboratory validation study to confirm 
its fitness-for-purpose of monitoring and compli-
ance testing by official control laboratories. 
Moreover, assessing the sample preparation and 
analysis protocol across five participant laborato-
ries provided some insights on key factors impact-
ing method performance characteristics.

The interlaboratory comparison confirmed that 
instrumental performances are definitely impactful, 
and the use of highly sensitive LC-MS/MS and 
their set up is crucial for the determination of 
polar pesticides at regulatory levels. Achieving a 
suitable LC separation has proven to be the most 
challenging step in the detection of polar pesti-
cides, therefore a careful optimisation of 

chromatographic conditions is essential for a reli-
able detection of either early eluting compounds 
(cyanuric acid and maleic hydrazide) or the broad 
and late-eluting peak of N - acetyl glyphosate. 
Overall, the method complies with official criteria 
(SANTE 11312/2021) and with the appropriate 
precautions has proven to be suitable for the pur-
pose of monitoring and compliance testing.
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