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Summary

A proficiency test (PT) for the quantitative determination of opium alkaloids (OAs) in poppy seeds and bakery
products was organised by the European Union Reference Laboratory for Mycotoxins & Plant toxins in food
and feed (EURL-MP) between February and April 2023. This PT was carried out by Wageningen Food Safety
Research (WFSR) under accreditation (R013, Dutch Accreditation Council RvA, ISO/IEC 17043:2010). In
December 2021 Commission Regulation (EU) 2021/2142 on maximum levels of OAs in certain foodstuffs was
published and this has come into effect on July 1, 2022. Recently, CR (EU) 2021/2142 has been incorporated
in the new Commission Regulation (EU) 2023/915 on maximum levels for certain contaminants in food and
repealing Regulation (EC) No 1881/2006. The primary goal of this PT was to assess the proficiency of the
National Reference Laboratories for mycotoxins & plant toxins in food and feed (NRLs) and Official
Laboratories (OLs) that participated.

The participants were asked to quantify OAs in 2 materials and to report for each material 3 results, which
comprised levels of morphine, codeine and the sum of both OAs expressed as morphine + 0.2 codeine, as
stipulated in Regulations (EU) 2021/2142 and (EU) 2023/915. The participants’ performance was assessed
as z-score in both materials for the individual OAs (maximum score 4 out of 4) and for the sum of the OAs in
the samples (maximum score 2 out of 2).

Thirty-one laboratories, of which 24 National Reference Laboratories for mycotoxins and/or plant toxins in
food and feed (from 18 EU Member States plus Serbia and the EFTA MS Iceland, Norway and Switzerland)
and 7 Official Laboratories (all EU Member States) participated in the PT.

Two materials were prepared. Material A consisted of 5 different batches of poppy seeds that were mixed.
For material B, 3 cakes were baked with poppy seeds as an ingredient. The three cakes were mixed
afterwards. Both materials were sufficiently homogeneous and stable during the PT. Each participant
received one test sample of 50 gram of material A and 30 g of material B. The participants were requested to
report their results within 6 weeks after the dispatch of the samples.

From the provided information on the identification and quantification of the OAs almost all participants used
LC-MS/MS (27), except 2 participants, who applied LC-HRMS (High Resolution Mass Spectrometry). For
material A, 27 participants reported Limit of Quantification (LOQ) values of 1 mg/kg or less for the individual
OAs. Three participants reported LOQs in the range of 1.7 to 2 mg/kg. For the bakery product,

26 participants reported LOQ values of 0.4 mg/kg or less. Four participants reported LOQs in the range of

1 to 2 mg/kg. One laboratory did not report LOQs.

In this PT the robust mean was used as consensus value. The consensus value based on the participants’
results was used as the assigned value. The proficiency of the participants was assessed as z-scores in both
materials, calculated using the assigned values and a relative target standard deviation of 25%.
Characteristics of the PT materials and the outcome of this PT are summarised in Table 1a and 1b. Results
were calculated for morphine, codeine and the sum of OAs expressed as morphine + 0.2 codeine. For
material A, the assigned values of morphine and codeine in material A were, respectively 13.3 and

24.3 mg/kg and in material B, respectively 1.01 and 0.175 mg/kg. For material A and B, none of the RSDr of
the reported results were below the target standard deviation (25%) except for codeine in material A (24%).
The RSDr values for the sum of the OAs (as mentioned in legislation) were 32% and 27% for material A and
B, respectively. No false negative results were reported in this PT.

For both materials (A and B) combined, 87% of the results the individual OAs were rated with satisfactory
z-scores (|z|< 2), 7% of the results fell into the questionable range with 2<|z|<3 and 6% of the results fell
into the unsatisfactory range with |z|> 3. Sixteen participants achieved optimal performance for both
materials by detecting morphine and codeine with correct quantification, the absence of false negative
results and reporting within the deadline. One participant achieved also satisfactory results for both OAs for
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both materials combined but submitted the results after the deadline. With respect to the sum of morphine +
0.2 codeine, 82% of submitted results were satisfactory and 23 participants showed satisfactory performance
for both materials.

From the results obtained in this PT on OAs it can be concluded that most participants have an analytical
method available with sufficiently low LOQs. Three participants reported relatively high LOQs for codeine in
the bakery product. Nevertheless, the results also reveal that for both materials and for the individual OAs as
well as for the sum of OAs relatively high robust RSDr values were obtained, which is caused by a relatively
wide variation in the reported results. This in turn may be caused by a reduced effectiveness of the
isotopically labelled internal standards that have been incorporated in most of the reported methods. In this
respect continued efforts need to be made by the EURL-NRL network to improve the robustness of the
implemented methods, in order to produce reliable data.

Table 1a Summary of proficiency materials parameters and participants’ performance — number of
laboratories reporting quantitative values, <LOQ and false negative (FN).

Assigned Uncertainty Robust No of labs out of 31 reporting
value RSDr')

EA epimer groups Matrix (mg/kg) (mg/kg) (%) Quant. value < LOQ
Morphine A 13.3 0.966 3.31 31

B 1.01 0.067 0.252 31
Codeine A 24.3 1.29 6.07 31

B 0.175 0.015 0.044 23 8
Sum morphine + 0.2 codeine A 18.2 1.33 4.55 31

B 1.06 0.064 0.264 31

Matrix: A= poppy seeds, B= bakery product.

1 robust relative standard deviation (interlaboratory RSD based on participants’ results).

Table 1b Summary of proficiency materials parameters and participants’ performance - evaluation of
results, satisfactory, questionable and unsatisfactory z and z’-scores.

Assigned z-scores?) Labs out of 31 with
Value Satisfact. Quest. Unsatisf. Accept. z -score
EA epimer groups Matrix (mg/kg) (% of (% of (% of No?) %2)
z-scores) z-scores) z-scores)

Morphine A 13.3 87.1 6.5 6.5 27 87.1
B 1.01 80.6 9.7 9.7 25 80.6

Codeine A 24.3 96.8 3.2 30 96.8
B 0.175 82.6 8.7 8.7 19 61.3

Sum morphine + 0.2 codeine A 18.2 83.9 6.5 9.7 26 83.9
B 1.06 80.6 9.7 9.7 25 80.6

Matrix: A= poppy seeds, B= bakery product.
1) calculated using a fit-for-purpose target RSD for proficiency of 25%. False negatives were counted here as unsatisfactory z-score.
2) the number and percentage here means: analyte determined, method with a sufficiently low LOQ to allow quantification, and obtaining a satisfactory

Z-score.
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1 Introduction

Opium alkaloids (OAs) are secondary metabolites that are stored in the latex of the poppy plant (Papaver
somniferum L.). Except for the seeds, the latex is present in all parts of the plant, and in particular in the
pericarp of the seed capsule. Poppy seeds themselves do not contain OAs, but they can become
contaminated with alkaloids from the latex resulting from insect damage, or through poor harvesting
practices. Morphine is generally the predominant alkaloid. It is also the most pharmacologically active opiate,
having strong narcotic properties. For this reason, OAs such as morphine and codeine have been included in
the list of drug abuse substances.

Poppy seeds are used in bakery products, as decoration of dishes, in fillings of cakes and in desserts and to
produce edible oil. Consumption of foods containing poppy seeds that are contaminated with opium alkaloids
can lead to adverse health effects and to detectable contents of free morphine in blood as well as measurable
concentrations in urine, sufficient to interfere with drug abuse testing.

The EU has established maximum limits (MLs) for OAs in poppy seeds and bakery products as described in
Commission Regulation (EU) 2021/2142 [8], which has recently been incorporated in Commission Regulation
(EU) 2023/915 [13]. The maximum limit for poppy seeds is set at 20 mg/kg for the combination of morphine
and codeine, in which the toxicity factor of morphine is set at 1.0 and that of codeine at 0.2. For bakery
products containing poppy seeds, the maximum limit is 1.5 mg/kg morphine + 0.2 x codeine. The MLs have
come into effect from July 1%, 2022. For bakery products, the limit of quantitation (LOQ) required for
individual OAs is specified at 0.5 mg/kg. This requirement will be laid down in the regulation on methods of
sampling and analysis for the control of plant toxins in food and repealing Regulation (EU) No 2015/705 [14].
For the poppy seed material, an LOQ is not specified. For this PT an LOQ of 1 mg/kg or lower is
recommended for morphine and codeine in poppy seeds.

Proficiency testing is conducted to provide participants with a powerful tool to evaluate and demonstrate the
reliability of the data that are produced by the laboratory. Proficiency testing is an important requirement
and is demanded by ISO/IEC 17025:2017 [3]. Organisation of proficiency tests (PT) is one of the tasks of
European Union Reference Laboratories (EURLs) [4]. Here the primary goal is to assess the proficiency of the
National Reference Laboratories (NRLs). To facilitate NRLs in their task, official laboratories (OLs) can also
participate, in consultation with their NRL.
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2 PT material

2.1 Scope of the PT

This proficiency test (PT) focused on the OAs in food matrices; using poppy seeds and a bakery product as
representative matrices. The scope includes morphine and codeine as mentioned in Commission Regulation
(EU) 2021/2142 and 2023/915. The target concentrations aimed for (see Table 2) take the regulatory limits
into account.

Table 2 Target concentrations (mg/kg) of opium alkaloids in the PT materials.

Target concentrations (mg/kg)

Opium alkaloid Material A (poppy seeds) Material B (bakery product)
Morphine 20.2 -

Codeine 32.1 -

Sum morphine + 0.2 x codeine 26.6 1.5

2.2 Material preparation

Poppy seeds and a bakery product, respectively, were used for preparation of the two materials A and B. For
material A, 5 different poppy seed materials were milled under cryogenic conditions using a centrifugal mill
(Retsch ZM 200, Haan, the Netherlands) and the milled materials were cryogenically homogenised using an
industrial mixer (Topcraft, Belgium) according to in-house standard operating procedures [6]. For material B,
3 cakes were baked with poppy seeds (15%) as an ingredient. The 3 cakes were crumbled and freeze-dried.
The freeze-dried material was first cryogenically homogenised using a centrifugal mill (Retsch ZM 200) and
further cryogenically homogenised using an industrial mixer.

2.3 Sample identification

After homogenisation, materials A and B were divided into sub-portions of approximately 50 grams and
30 grams, respectively, and stored in polypropylene, airtight closed containers in the freezer until use.

The samples for the participants were randomly selected and coded using a web application designed for
proficiency tests. The code used was “2023/EURL PT MP/OAs/xxx", in which the three-digit number of the
code was automatically generated by the WFSR Laboratory Quality Services web application. One sample set
was prepared for each participant. Each sample set consisted of one randomly selected sample of material A
and one of material B. The codes of the samples for each sample set are shown in Annex 2. The samples for
homogeneity and stability testing were also randomly selected out of the set of materials A and B.

2.4 Homogeneity study

To verify the homogeneity of the PT materials, 10 containers of each of the materials A and B were analysed
in duplicate for OAs (EURLMP-method_007 v1) [7].

Method in brief: OAs were extracted from the homogenised sample (10 g of the poppy seeds and 4 g of the
bakery product) by addition of, respectively, 100 and 40 mL methanol/water (60/40, v/v) containing 0.4% of
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formic acid, followed by agitation in an overhead shaker. An aliquot of the supernatant was diluted with
water and spiked with internal standards (morphine-d3 and codeine-d3). Analysis was performed by high
performance liquid chromatography coupled with tandem mass spectrometry (LC-MS/MS) using reversed
phase chromatography with alkaline conditions. Quantification was performed on the basis of matrix matched
calibration in blank extract with internal standard and recovery correction.

The homogeneity of both materials was evaluated according to the International Harmonized Protocol for
Proficiency Testing of Analytical Laboratories [10] and ISO 13528:2015 [2]. Using this procedure the
between-sample standard deviation (ss) and the within-sample standard deviation (sw) were compared with
the standard deviation for proficiency assessment (or). The method applied for homogeneity testing is
considered suitable if sw<0.5x0p and a material is considered adequately homogeneous if ss<0.3xagp. Both
materials proved to be sufficiently homogeneous for this PT.

The results of the homogeneity study (grand means with the corresponding RSD;) are presented in Table 3.
The statistical evaluation of materials A and B is presented in Annex 3.

Table 3 Concentrations of OAs in materials A and B obtained during homogeneity testing.
Material A: poppy seeds Material B: bakery product
Compound Conc. RSD Conc. RSD
(mg/kg) (%) (mg/kg) (%)
Morphine 17.8 6.22 0.955 6.65
Codeine 30.2 5.42 0.148 6.19
Morphine + 0.2 codeine 23.9 4.72 0.985 6.51

2.5 Stability of the materials

The stability of the OAs in the materials was assessed according to [10, 11]. On March 6%, 2023, the day of
distribution of the PT samples, 6 randomly selected containers of material A and B were stored in a freezer.

Under these conditions it is assumed that the OAs are stable in the materials. In addition, 6 samples of each
material were stored in a refrigerator.

On the 9t of May 2023, 64 days after distribution of the samples, 6 samples of materials A and B, stored in
the freezer and refrigerator, were analysed in one batch. For each set of test samples, the average of the
results and the standard deviation were calculated.

It was determined whether a consequential instability of the analytes had occurred [10,11] in the materials
stored in the refrigerator. A consequential instability is observed when the average value of an analyte in the
samples stored in the refrigerator is more than 0.3c0r below the average value of the analyte in the samples
stored in the freezer. If so, the instability has a significant influence on the calculated z-scores.

The results of the stability of materials A and B are presented in Annex 4. For the analytes in both materials

none of the tested storage conditions caused a consequential difference. The OAs in the materials were,
therefore, considered stable for the duration of the PT.
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3 Organisational details

3.1 Participants

This PT focused on the determination of OAs in food, using poppy seeds and a bakery product. Invitations to
the NRL network were sent out on February 8™, 2023 (Annex 5). Thirty-three laboratories registered for the
PT. Thirty-one participants (Annex 1) reported their results of which 2 reported their results after the
deadline. Two participants were unable to report results, one due to lack of the analytical standards and one
did not have its analytical method operational in time.

Out of the 31 participating laboratories, 24 were NRLs from 18 EU Member States plus Iceland, Norway
Serbia, Switzerland, and 7 were Official Laboratories (from various EU Member States). Each participant was
free to use their method of choice reflecting their routine procedures. The participants were asked to report
the results through a web application designed for proficiency tests as well as to fill in a questionnaire, where
it was asked to provide detailed information on the analytical method used for detection and quantification of
OAs (extraction solvent/procedure, clean-up, detection technique, limit of detection and limit of
quantification).

3.2 Material distribution and instructions

Each participant received a randomly assigned laboratory code, generated by the web application. The
sample sets with the corresponding numbers, consisting of 2 coded samples (Annex 2) were sent to the
participants on March 6%, 2023. The sample sets were dispatched immediately by courier to the participants
in insulation boxes containing dry ice. The participants were asked to store the samples in the refrigerator
and to analyse the samples according to their routine method. As reported by participants, all parcels were
received in good order.

The samples were accompanied by a letter describing the requested analysis (Annex 6) and an
acknowledgement of receipt form. In addition, each participant received instructions by e-mail on how to use
the web application to report the results. The questionnaire was intended to gather additional information on
Limits of Quantification (LOQ), method recovery estimates (%) and other method-related aspects (e.g.
extraction and clean-up, chromatographic and detection conditions, calibration strategy) to investigate
individual and/or general patterns on the submitted results.

For each material a total of 3 results, comprising levels of morphine, codeine and the sum of morphine +
0.2 codeine was requested. The deadline for submitting the quantitative results was April 17, 2023,
allowing the participants 6 weeks for analysis of the test samples. All results, except from 2 participants,
were submitted within the deadline.
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4 Evaluation of results

The statistical evaluation was carried out according to the International Harmonized Protocol for the
Proficiency Testing of Analytical Laboratories [10], elaborated by ISO, IUPAC and AOAC and ISO 13528:2015
[2] in combination with the insights published by the Analytical Methods Committee [12, 13] regarding
robust statistics.

The evaluation of results was based on assigned values and the standard deviation for proficiency
assessment (or). From this, z-scores were calculated to classify the participants’ performance. Detailed
information on the methods used for the statistical evaluation can be found in the background document
‘EURL-MP-background doc_001 (v1) Performance assessment in proficiency tests organised by the EURL
Mycotoxins & Plant toxins in food and feed’ available from the EURL mycotoxins & plant toxins website [5].

4.1 Calculation of the assigned value

The robust mean was used as consensus value in this PT. The consensus value based on the participants’
results (all participants, both NRLs and OLs) was used as the assigned value. The values and their
uncertainties are summarised in Table 1 in the Summary section. Assigned values were established for
morphine, codeine and for the sum the OAs in both materials.

4.2 Standard deviation for proficiency assessment (op)

A fixed relative target standard deviation for proficiency assessment of 25% was used, irrespective of the
plant toxin, matrix or concentration. This generic fit-for-purpose value is considered to reflect current
analytical capabilities and best practises for mycotoxin and plant toxin determination in food and feed. The
rationale behind this is provided in the background document ‘EURL-MP PT performance assessment’ on the
EURL-MP website [5].

4.3 Quantitative performance (z-scores)

For evaluation of numerical results submitted by the participant, z-scores are calculated based on the
assigned value, its uncertainty, and the standard deviation for proficiency assessment. When the uncertainty
of the assigned value is negligible and no instability of the analytes in the material is observed, z-scores are
calculated by:

x-C
zZ = — Equation 1
Op
where:
z = z-score;
X = the result of the laboratory;
C = assigned value, here the consensus value;
or = standard deviation for proficiency assessment.
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The z-score compares the participants’ deviation from the assigned value, taking the target standard
deviation accepted for the proficiency test into account, and is interpreted as indicated in Table 4.

Table 4 Classification of z-scores.
|z| <2 Satisfactory
2<|z| <3 Questionable
|z| >3 Unsatisfactory

If the uncertainty of the assigned value and, if applicable, instability of the analyte in the PT material, is not
negligible, this is taken into account in the determination of the z-score. If applicable, this is indicated by
assigning a z'-, zi-, or z/-score. For details see the background document ‘EURL-MP PT performance
assessment’ on the EURL-MP website [5].

In this PT, the uncertainty of the assigned value for codeine in material B was not negligible and taken into
account in the assignment of the z-scores (z’). In all the other cases, the uncertainty of the assigned value
was negligible. No instability of the analytes in the PT material was observed during the PT period.

4.4 Evaluation of non-quantified results

In cases, where participant(s) reported ‘<[value]’, ‘detected’ or ‘not detected’ (nd) (i.e. below their LOQ),
‘proxy-z-scores’ were calculated to assess possible false negatives and to benchmark the LOQ relative to the
assigned value and the LOQ of the other participants.

A proxy-z-score was calculated by using equation IV of the background document ‘EURL-MP-background
doc_001’ (for details see the EURL-MP website), using the reported LOQ value as a result [5]. Proxy-z-scores
are for information only and indicated as a value between brackets. Proxy-z-scores are not included in the
evaluation of the results and do not count as a satisfactory result.

Proxy-z-score values [z<-2] were considered as false negatives (see 4.5). Proxy-z-score values [z>2]
indicate that the LOQ is high in relation to the assigned value and high in comparison to other participants.

Reported results, e.g. ‘detected’ or ‘not detected’, without specification of LOQ, were excluded from the
evaluation. In these cases, the participant was considered to have no quantitative method available for the
specific analyte or analyte group/matrix. Non reported results for analytes or analyte groups are to be
interpreted as unsatisfactory performance.

4.5 False positive and false negative results

A false positive is a quantitative result reported by the participant while the analyte is not detected in the
PT material by the organiser, and/or not detected by most of the other participants. A threshold is then
applied, above which results are considered false positives, indicated as FP. False positives are to be
interpreted as unsatisfactory performance.

When an analyte is present in the material, i.e. an assigned value has been established, and the participant
reports the analyte as ‘<[value]’, ‘detected’ or ‘not detected’, an assessment is made to judge whether such
results should be classified as a false negative. This is the case when the proxy-z-score value (see 4.4) is

<-2. False negatives are indicated as ‘FN’. False negatives are to be interpreted as unsatisfactory performance.
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5 Performance assessment

5.1 Scope and LOQ

This PT was dedicated to the quantification of OAs in poppy seeds and bakery products. Annex 7 summarises
the quantitative scope of each participant, with an indication of the LOQ for each OA. One participant
provided no details on the LOQs of the individual OAs.

Thirty-one participants reported for both materials A and B a total of 3 results, comprising levels of
morphine, codeine and the sum of morphine + 0.2 codeine, as was requested. Several results for codeine in
the bakery product were reported as <LOQ. For these results proxy z-scores were calculated. In regulations
(EU) 2021/2142 and (EU) 2023/915 it is mentioned that the maximum levels refer to the sum of morphine
and codeine, for which a factor of 0.2 is applied to the level of codeine. Therefore, the maximum level refers
to the sum of morphine + 0.2 codeine. Two participants reported the sum of morphine and codeine without
considering the factor 0.2.

The LOQs provided by the participants ranged from 0.01 to 2 mg/kg (Annex 7). Some participants reported
different LOQs for morphine and codeine for the same material (3) and some participants reported different
LOQs for material A and B (5). For poppy seeds, 27 participants reported for both OAs LOQs of 1 mg/kg or
less: 7 participants reported LOQs in the range of 0.01 to 0.096 mg/kg, 7 participants reported LOQs of
0.1 mg/kg, 10 participants reported LOQs in the range of 0.15 to 0.5 mg/kg and 3 participants reported an
LOQ of 1 mg/kg. Three participants reported LOQs in the range of 1.7 to 2 mg/kg. Most of the participants
reported LOQs which are in line with the LOQ of 1 mg/kg recommended for this PT. For the bakery product,
26 participants reported for both OAs LOQs of 0.4 mg/kg or less: 7 participants reported LOQs in the range
of 0.01 to 0.096 mg/kg, 11 participants reported an LOQ of 0.1 mg/kg, 5 reported LOQs in the range of
0.15 to 0.3 mg/kg, and 3 participants reported an LOQ of 0.4 mg/kg. All these participants reported LOQs
that are in line with the upcoming regulation on methods of sampling and analysis of plant toxins which
states that the LOQ for bakery product should be at least 0.5 mg/kg (EC working document SANTE
11494R3/2021 [9]. Four participants reported LOQs in the range of 1 to 2 mg/kg.

It can be concluded that for the bakery product, most participants are able to achieve LOQs of 0.5 mg/kg or
lower, which is in line with the (future) requirements of the legislation. This is also the case for the poppy
seed material with the recommended LOQ of 1 mg/kg. Some laboratories need to improve the sensitivity of
their method for OAs in bakery products, to comply with the upcoming regulation on the methods of
sampling and analysis of plant toxins.

5.2 Analytical methods

All participating laboratories were asked to fill in a questionnaire addressing their accreditation, conditions
used for sample preparation, chromatographic separation, detection, quantification and calibration
(Annex 8). Two participants provided no information about method details.

Of the 29 laboratories, 11 participants reported their analytical method covered by ISO 17025 accreditation.
Based on the information provided on the laboratory sample preparation procedure, for poppy seeds the
most often reported intake was 5 g (10 participants) and for the bakery product 4 g (9 participants) or 5 g

(9 participants). Of the poppy seeds, 11 participants used 4 g or less, while 8 participants used 10 g or more.
Of the bakery product 6 participants used 2.5 g or less, while 5 participants used 10 g or more.
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The poppy seeds samples were extracted with 50 mL (median volume) of extraction solvent and for the
bakery samples this was 40 mL (median volume) for approximately 30 min (median extraction time). For the
poppy seed material, the volumes most often used were 100 mL (13) and 20 mL (8). For the bakery product
this was 100 mL (10) and 40 mL (8). For both materials, most participants (14) reported an extraction time
of 30 min, 3 participants used an extraction time between 10 and 20 min, and the remaining participants
used 45 min (2), 60 min (3) and 65 min (1). Five participants used a double extraction with 50 mL in
combination with an extraction time of 45 min, 1 participant used a double extraction with 50 mL in
combination with an extraction time of 60 min and 1 participant used a triple extraction with 20 mL in
combination with an extraction time of 15 min for the bakery product.

For the extraction solvent participants used methanol (27) or acetonitrile (2) as the main organic phase. The
reported composition of the extraction solvents was: acidic aqueous/organic (28) or organic (1). The most
often used extraction solvent combinations were: methanol in combination with formic acid (20) or acetic
acid (5), methanol combined with hydrochloric acid (1), acetonitrile combined with acetic acid (1) or formic
acid (1). For sample extract purification one participant used solid phase extraction (SPE) (Oasis MCX),

17 participants diluted the sample extract, 1 participant used another clean-up, without providing details.
Ten participants reported that no clean-up or other treatment was applied.

For the identification and quantification of the OAs almost all participants used LC-MS/MS (27). Two
participants applied LC-HRMS (High Resolution Mass Spectrometry).

For chromatography participants used either methanol (15) or acetonitrile (13) as an organic modifier in
combination with an aqueous buffer while one participant didn’t provide information. About half of the
participants (15) used alkaline chromatography. For the preparation of the alkaline mobile phase the
following buffers were used: ammonium carbonate (11) and ammonium bicarbonate (4). The other
participants (14) used acidic chromatography: 8 used ammonium formate with or without addition of formic
acid, 1 used ammonium acetate with addition of acetic acid and 5 used formic acid to acidify the mobile
phase.

A wide variety of columns from different suppliers was used for chromatography with acidic or alkaline
conditions. For methods applying acidic conditions, mostly columns with a C18 based stationary phase were
used: Waters: Acquity UPLC BEH (2), Acquity UPLC HSS T3 (1); Phenomenex: Luna (1), Luna Omega Polar (1),
Synergi Polar (1); Agilent: Zorbax Eclipse Plus (1); Thermo Scientific: Hypersil Gold (2); MZ anlysetechnik:
Perfectsil (1): Restek: Raptor ARC-18 (1). In addition, the following non-C18 stationary phase columns were
used: Waters: Acquity UPLC BEH amide (1); Phenomenex: Kinetex pentafluorophenyl (1); Agilent: Pursuit
diphenyl (1). For methods applying alkaline conditions all participants used a C18 type stationary phase:
Waters: Acquity BEH (6), XBridge (2), XBridge Premier (1) and one participant didn't specify the stationary
phase used; Phenomenex: Kinetex EVO (1), Gemini (2), Gemini-NX (1); YMC: Triart (1). The column length
mostly used was either 100 mm (10) or 150 mm (12). The total run time reported varied between 4 and

35 min and the median run time was 13 min.

The quantification approach followed by the participants is summarised in Table 5. Two participants did not
indicate what they used as quantification approach. Out of 28 participants, 25 used multi-level standard
addition: 16 of them performed multi-level calibration with standards in a pure solvent, 4 used multi-level
standard addition to the sample, 2 used multi-level standard addition before extraction and 3 after
extraction. Two participants used a single-point standard addition approach; 1 of them performed
single-point calibration with standards in a pure solvent and one added the standards before extraction. One
participant provided no details if the standard addition approach was multi-level or single point. Twelve
participants (40%) have corrected their results for recovery, while 60% reported that they didn't.

Twenty-five participants used isotopically labelled morphine and/or codeine as internal standards, while 4 did
not use internal standards. Seven participants added the internal standard before extraction and

18 participants added the internal standard to the final extract. Most participants used as internal standards
morphine-D3 and codeine-D3 (16), while 3 participants used morphine-D6 and codeine-D6, 3 used a
combination of morphine-D3 and codeine-D6 and 3 used only morphine-D3.
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Table 5 Analytical strategies followed by the participants.

Quantification approach Calibration/ No. of participants Recovery
quantification Corrected Not corrected

standard addition before extraction single point 1 1

standards in pure solvent single point 1 1

standards in pure solvent multi-level 16 3 13

matrix-matched standards multi-level 5 4 1

standard addition before extraction multi-level 3 1 2

standard addition after extraction multi-level 3 2 1

standards in pure solvent ? 1 1

5.3 Performance

The quantitative performance was assessed through z-scores. The individual z-scores obtained by each
participant, including their graphical representation, for the OAs in materials A (poppy seeds) and B (bakery
product) are summarised in Annex 9 and 10, respectively. A summary of the performance of the participants
in this PT is provided in Annex 11.

A summary of the statistical evaluation of the PT results is presented in Tables 6 and 7. These tables include
all relevant parameters: the assigned value (A), the uncertainty of the assigned value (u), the standard
deviation for proficiency assessment (op) and the robust (relative) standard deviation, based on participants’
results. In most cases the uncertainty of the assigned value did comply with the criterion u<0.30, and was
therefore considered as negligible. Uncertainty of the assigned value (u) in the material B exceeded 0.30, for
codeine, and therefore, the uncertainty of the assigned value was taken into account in the evaluation of the
z-scores (by calculating the z’-score).

Table 6 Summary of statistical evaluation of the PT results on the individual OAs and the sum of
morphine + 0.2 codeine in material A.

Morphine Codeine Sum morphine + 0.2 codeine
A (mg/kg) 13.3 24.3 18.2
u (mg/kg) 0.966 1.29 1.33
op (mg/kg) (25%) 3.31 6.07 4.55
u>0.30p No No No
robust o (mg/kg) 4.30 5.74 5.91
robust o (%) 32 24 32
# reported 31 31 31
# quantitative results 31 31 31
|z|]< 2 27 30 26
2<|z|<3 2 1 2
|1z|> 3 2 0 3
S z-scores (%) 87.1 96.8 83.9

S z-scores = satisfactory z-scores.
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Table 7 Summary of statistical evaluation of the PT results on the individual OAs and the sum of
morphine + 0.2 codeine in material B.

Morphine Codeine Sum morphine + 0.2 codeine

A (mg/kg) 1.01 0.175 1.06
u (mg/kg) 0.067 0.015 0.064
op (Ug/kg) (25%) 0.252 0.044 0.264
u>0.30p No Yes No
robust o (mg/kg) 0.298 0.057 0.283
robust o (%) 30 32 27
# reported 31 31 31
“<“, nd, detected 8

# quantitative results 31 23 31
|z|< 2 25 19 25
2<|z|<3 3 2 3
|1z|> 3 3 2 3

S z-scores (%) 80.6 82.6 80.6

S z-scores = satisfactory z-scores.
nd= not detected.

For the individual OAs in material A, 92% of the results were rated with satisfactory z-scores (|z|< 2), 5% of
the results fell into the questionable range with 2<|z|<3 and 3% of the results fell into the unsatisfactory
range with |z|> 3 (Table 6). For material B was this respectively 82%, 9% and 9% (Table 7). Overall, 87% of
the morphine and codeine results obtained for both materials (A and B) were rated with satisfactory z-scores
(1z]| = 2), 7% of the results fell into the questionable range with 2<|z| <3 and 6% of the results fell into the
unsatisfactory range with |z|=> 3.

In case of the sum of morphine + 0.2 codeine, for material A, 84% of the results were rated with satisfactory
z-scores (|z|< 2), 6% of the results fell into the questionable range with 2<|z|<3 and 10% of the results fell
into the unsatisfactory range with |z|> 3 (Table 6). For the sum of both OAs in material B was this
respectively 81%, 10% and 10% (Table 7). Regarding the sum of OAs, for both materials, 82% of submitted
results were satisfactory.

In Annex 11 an overview of the overall performance for each participant in this PT is provided. For the

2 materials combined, a maximum of 4 satisfactory z-scores, based on quantitative results for the individual
OAs could be obtained, and ‘4 out of 4’ therefore reflects an optimal performance in terms of scope and
capability for quantitative determination. Out of 31 participants, 16 participants achieved optimal
performance for both materials by detecting morphine and codeine with correct quantification, the absence
of false negative results and reporting within the deadline. One participant achieved also satisfactory results
for both OAs in both materials but reported the results after the deadline. For the other 14 participants one
or more non-satisfactory z-scores were obtained. Seven of these 14 participants could not quantify codeine
in material B but achieved otherwise satisfactory results. With respect to the sum of morphine + 0.2 codeine
as mentioned in legislation, 23 participants showed satisfactory performance.

5.4 Robust relative standard deviation

The robust relative standard deviation (RSDr) was calculated according to ISO 13528:2015 [2] for informative
purposes only. In this study it was used as a good estimation of the interlaboratory variability. The RSDr values
are included in for Annex 9, 10, in Tables 6 and 7 (Section 5.3) and in Table 1 (Summary section).

For material A, the RSDr of codeine (24%) was below the target standard deviation (25%) and for morphine
the RSDr was 32%. For material B, the RSDr for morphine (30%) and codeine (32%) were above the target

standard deviation.

The RSDr values for the sum of morphine + 0.2 codeine were for material A 32% and for material B it was
27%, both above the target standard deviation (25%).
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6 Conclusions

Thirty-one laboratories, of which 24 National Reference Laboratories for mycotoxins and/or plant toxins in
food or feed (from 18 EU Member States plus Iceland, Norway Serbia, Switzerland), and 7 Official
Laboratories (from various EU Member States) participated in the PT on quantitative determination of
morphine and codeine, as mentioned in Regulation (EU) 2021/2142 and (EU) 2023/915, in poppy seeds and
bakery products.

All laboratories reported a total of six results, comprising of levels of morphine, codeine and the sum of
morphine + 0.2 codeine in the two samples, consisting of material A and material B, as was requested. Two
participants reported the sum of morphine and codeine without considering the factor 0.2 for codeine.

For the poppy seeds, 27 participants used a method with a reported LOQ of 1 mg/kg or lower. Three
participants reported LOQs in the range of 1.7 to 2 mg/kg. For the bakery product, 26 participants used a
method with a reported LOQ of 0.4 mg/kg or less. Four participants reported LOQs in the range of 1 to

2 mg/kg. Eight laboratories had problems with reporting quantitative results for codeine in the bakery
product, due to the relatively high LOQs of their method. Three of these laboratories had LOQs > 0.5 mg/kg,
which is above the regulatory LOQ for bakery products. Since NRLs are expected to have analytical methods
in place not only for compliance testing of regulatory limits, but also in the framework of data generation for
risk assessment, it is advised to set target LOQs of individual analytes to <0.5 mg/kg, at least for bakery
products containing poppy seeds and /or derived products thereof.

The large majority of participants used methods based on LC-MS/MS (93%) and two participants applied
LC-HRMS (High Resolution Mass Spectrometry). Most of the participants didn’t use a sample clean-up (93%),
the majority of participants diluted only the sample extract.

For individual OAs in material A, the percentage of satisfactory results for morphine was 87% and for codeine
97%. The RSDr of the reported results for morphine (32%) was above the target standard deviation (25%)
and for codeine (24%) just below the target standard deviation. For material B, the satisfactory results were
for morphine 81% and for codeine 83%. The RSDr were for morphine (30%) and codeine (32%) above the
target standard deviation.

With respect to the sum of morphine + 0.2 codeine, for material A and B, respectively, 84% and 81% of the
results were satisfactory. The RSDr for material A and B was 32% and 27%, respectively.

Overall, for individual OAs in both materials combined (4 results), 87% of the results were rated with
satisfactory z-scores (|z|< 2), 7% of the results fell into the questionable range with 2<|z| <3 and 6% of the
results fell into the unsatisfactory range with |z|> 3. Seventeen participants had a satisfactory performance
of which one participant reported results after the deadline. For the sum of morphine and 0.2 codeine in both
materials combined (2 results), 82% of the results were satisfactory and 23 participants had a satisfactory
performance.

It is noticed that although 81-97% of the results reported for morphine and codeine in materials A and B fell
in the satisfactory range, nevertheless the RSDr values were in most cases higher than the target standard
deviation of 25%. Only for codeine (97% satisfactory results) in material A the target RSDr was met. This
outcome a bit surprising because most participants have included isotopically labeled internal standards in
their methods to improve quantification. The results seem to suggest that the use of these IS only partly
successful. This may be caused by two factors: 1. The retention times of the (deuterated) IS often differ
somewhat from the analyte of interest, which may make them less effective in correcting for matrix effects.
2. The IS are often added at the end of the sample preparation procedure, what will limit their use in
correction of differences in extraction efficiency and recovery.
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From the results obtained in this PT on OAs it can be concluded that most of the participants have an
analytical method available with sufficiently low LOQs. For some laboratories lower LOQs would be required
for the quantification of OAs in bakery products containing poppy seeds and /or derived products thereof at
the level regulated by the Commission Regulation EU 2021/2142 and 2023/915. Furthermore, the room for
improvement remains, because the variation in the results is relatively high. For the OAs in both materials,
the interlaboratory reproducibility (RSDr) was in most cases at or above 30%.
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Annex 1

Country
AUSTRIA*
BELGIUM*
CROATIA*
CYPRUS*
CZECH REPUBLIC*
CZECH REPUBLIC*
DENMARK*
FINLAND*
FRANCE*
GERMANY***
GERMANY
GERMANY***
GERMANY***
GERMANY***
GERMANY**
GERMANY***
GERMANY***
GREECE*
HUNGARY*
IRELAND*
ITALY*

ITALY*
ITALY***
LITHUANIA*
LUXEMBOURG*
NORWAY**
ROMANIA*
SERBIA
SLOVENIA*
SPAIN*
SWITZERLAND**

*

List of participants

Organisation

Austrian Agency for Health and Food Safety

CER Groupe

A. Stampar Teaching Institute of Public Health

State general laboratory

Czech Agriculture and Food Inspection Authority (CAFIA)
Central Institute for Supervising and Testing in Agriculture
Danish Veterinary and Food Administration

Finnish Customs Laboratory

Laboratoire SCL de Strasbourg

Chemisches und Veterinaruntersuchungsamt (CVUA) Sigmaringen
Federal Institute fur Risk Assessment (BfR)

CVUA Karlsruhe

Bayerisches Landesamt fur Gesundheit und Lebensmittelsicherheit
Landesuntersuchungsanstalt Sachsen

Eurofins WEJ Contaminants

LALLF, MV

Landesamt fur Verbraucherschutz Sachsen-Anhalt

General Chemical State Laboratory

National Food Chain Safety Office

The Public Analyst’s Laboratory

IZSLER

Istituto Superiore di Sanita

Istituto Zooprofilattico delle Venezie

National Food and Veterinary Risk Assessment Institute
Laboratoire National de Sante

Norwegian Institute of Bioeconomy Research (NIBIO)

Institute for Hygiene and Veterinary Public Health

SP LABORATORIJA A.D.

National Laboratory of Health, Environment and Food (NLZOH)
Spanish Agency for Consumer Affairs, Food Safety and Nutrition
Kantonales Laboratorium Bern

National Reference Laboratory (NRL) of EU Member State.

** National Reference Laboratory (NRL) of the European Free Trade Association (Eurofins WEJ Contaminants = Iceland) and Serbia.

*** Official Laboratory (OL).
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Annex 2  Codification of the samples

Participant’s code
PT8258
PT8259
PT8260
PT8261
PT8262
PT8263
PT8264
PT8265
PT8266
PT8267
PT8268
PT8269
PT8270
PT8271
PT8272
PT8273
PT8274
PT8275
PT8276
PT8277
PT8278
PT8279
PT8280
PT8281
PT8282
PT8283
PT8285
PT8286
PT8287
PT8288
PT8289
* All sample codes start with 2023/EURL PT MP/OAs/.

Material A*

298
538
953
549
141
574
401
627
801
800
441
686
495
925
963
134
565
608
776
161
874
559
845
974
558
669
428
156
747
487
620

Material B*
603
282
301
360
984
195
370
742
624
534
581
585
595
806
194
418
489
111
619
375
300
286
917
717
600
877
656
455
198
899
307
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Annex 3  Statistical evaluation of
homogeneity data

Morphine in A (mg/kg)

Sample No. Replicate 1 Replicate 2
Hom/B001 16.76 17.83
Hom/B002 18.18 18.68
Hom/B003 18.46 18.22
Hom/B004 17.10 18.05
Hom/B005 16.54 17.00
Hom/B006 19.42 18.09
Hom/B007 16.55 18.42
Hom/B008 19.37 16.48
Hom/B009 19.83 18.79
Hom/B010 15.87 17.27

Grand mean 17.8

Cochran’s test

C 0.433
Ccrit 0.602
C < Ccrit? NO OUTLIERS
Target s = op 4.46
Sx 0.874
Sw 0.981
Ss 0.531
Critical= 0.3 op 1.34
ss < critical? ACCEPTED
sw < 0.5 op? ACCEPTED

sx = Standard deviation of the sample averages.
sw = Within-sample standard deviation.

ss = Between-sample standard deviation.

Codeine in A (mg/kg)

Sample No. Replicate 1 Replicate 2
Hom/B0O01 30.58 29.59
Hom/B002 29.03 28.58
Hom/B003 29.37 29.62
Hom/B004 33.34 29.99
Hom/B005 34.55 31.25
Hom/B006 30.15 29.10
Hom/B007 28.78 32.30
Hom/B008 30.13 28.83
Hom/B009 30.06 29.94
Hom/B010 27.83 30.16

Grand mean 30.2

Cochran’s test

C 0.282

Ccrit 0.602

C < Ccrit? NO OUTLIERS

Target s = op 7.54
Sx 1.26

Sw 1.48

Ss 0.702
Critical= 0.3 op 1.94

ss < critical? ACCEPTED

sw < 0.5 op? ACCEPTED

sx = Standard deviation of the sample averages.
sw = Within-sample standard deviation.

ss = Between-sample standard deviation.
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Morphine in B (mg/kg)

Sample No. Replicate 1 Replicate 2
Hom/B001 0.988 0.907
Hom/B002 0.848 0.900
Hom/B003 0.920 1.008
Hom/B004 0.974 1.059
Hom/B005 0.915 0.886
Hom/B006 0.922 0.900
Hom/B007 0.935 0.993
Hom/B008 0.887 1.054
Hom/B009 0.995 0.953
Hom/B010 1.072 0.993

Grand mean 0.955

Cochran’s test

Cc 0.432

Cecrit 0.602

C < Ccrit? NO OUTLIERS

Target s = op 0.239
Sx 0.050

Sw 0.057

Ss 0.029
Critical= 0.3 op 0.072

ss < critical? ACCEPTED

sw < 0.5 op? ACCEPTED

sx = Standard deviation of the sample averages.
sw = Within-sample standard deviation.
ss = Between-sample standard deviation.

Codeine in B (mg/kg)

Sample No. Replicate 1 Replicate 2
Hom/B0O01 0.152 0.151
Hom/B002 0.149 0.160
Hom/B003 0.133 0.153
Hom/B004 0.145 0.164
Hom/B005 0.141 0.148
Hom/B006 0.145 0.145
Hom/B007 0.147 0.148
Hom/B008 0.146 0.139
Hom/B009 0.144 0.129
Hom/B010 0.166 0.156

Grand mean 0.148

Cochran’s test

C 0.313

Ccrit 0.602

C < Ccrit? NO OUTLIERS

Target s = op 0.037
Sx 0.007

Sw 0.008

Ss 0.004
Critical= 0.3 op 0.011

ss < critical? ACCEPTED

sw < 0.5 op? ACCEPTED

sx = Standard deviation of the sample averages.
sw = Within-sample standard deviation.

ss = Between-sample standard deviation.
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Annex 4  Statistical evaluation of stability
data

Stability evaluation for morphine in material A.

Storage temperature freezer refrigerator

Time (days) 0 64

Calculated amounts (mg/kg) 15.5 18.2

16.6 15.0

17.7 16.4

16.2 17.3

18.5 17.6

17.1 16.9

Average amount (mg/kg) 16.9 16.9
n 6 6

st. dev (mg/kg) 1.09 1.10

Difference 0.033

0.3*op 1.27
Consequential difference? Diff < 0.3*op No

Stability evaluation for codeine in material A.

Storage temperature freezer refrigerator
Time (days) 0 64
Calculated amounts (mg/kg) 27.8 31.5
26.8 27.3
29.6 30.4
27.4 30.6
29.1 28.5
30.3 28.2
Average amount (mg/kg) 28.5 29.4
n 6 6
st. dev (mg/kg) 1.36 1.63
Difference -0.904
0.3*op 2.14
Consequential difference? Diff < 0.3*op No

Stability evaluation for morphine in material B.

Storage temperature <-80 °C <-20 °C

Time (days) 0 63

Calculated amounts (mg/kg) 1.10 1.01

1.09 1.07

1.18 1.12

1.19 1.09

1.14 1.13

1.14 1.15

Average amount (mg/kg) 1.14 1.10
n 6 6

st. dev (mg/kg) 0.039 0.051

Difference 0.043

0.3*op 0.085
Consequential difference? Diff < 0.3*op No
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Stability evaluation for codeine in material B.

Storage temperature
Time (days)
Calculated amounts (mg/kg)

Average amount (mg/kg)
n
st. dev (mg/kg)
Difference
0.3*op
Consequential difference? Diff < 0.3*op

freezer
0
0.190
0.191
0.195
0.194
0.184
0.188
0.190
6
0.004

refrigerator
64
0.182
0.185
0.192
0.178
0.193
0.181
0.185
6
0.006
0.005
0.014
No
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Annex 5

Invitation letter

WAGEMINGEMN

ik, B 200 | 0N AD The Hathwrisrak
WRLs miycetoxing & plant loxins |

Dear calleague,

The EURL myeataxing B plant boxing, Bt Wegeningen Food Selely Research [WFSR),
will organize & proficency best ragarding apium alkeloids in poppy seeds and bakery
producls in 2023 (EURLPT-MPOS). This praficiency test will focus an the quantification
of Lhe ﬂpiul‘l‘l alkaloids marphinge and oodeine as mentionad in REQUHHDI‘I [EU]
2021/2142 and will be organised under eecredilation accarding bo [S0 17043 (General
requirements for praficiency testing - RO13).

[ weould like by invile yau Lo parlicipale in this proficiency best,

Harmanisad EL r\é'gul.!UEll"l for agium alkeloids in gappy geady and bakery producls is
lzid dawn in Regulation [EU} Mo. 202172142 and is applied frem July 1, 2022. The
prirary goal of this praficiency best is o give labaralories the oppartunily 1o aveluate
ar demanstrele theair pErfI!ll'l"l'lEl"ﬁ'.‘é ragarﬂing Lhe ﬁl‘l!h‘ﬂ'ﬁ al marphing and codaing in
POpaY seadg and bakery praducts,

Acrarding te Regulation [EU} 2017/625, it is mandatory Tor all EU Malione] Relerense
Lebarataries (MALE) mycoloxine & planl Loxing in faod and/er lead Lo participate,

The foliowing metters are important for paricipatian in Lhis proficiency Lesl:

1. Tesk materials
Twa Lesl materiale, pappy seeds gnd a bekary product, will be provided.
The best ameunt sent far poppy seeds and bakery product will be approximately 50
and 25 gram, respectively.

2. Shipment of the Lesl materials
Test rmeterials will be senl in the baginning of March 2023. The distribution of the
lest materials will be anndunced by e-meil. The deadling for reporting will be Six
weaks afler the shiprient af the samples.

1. Scope of the analysis
Bath malerials are Lo be analysed far the apium elkalaids, as defined in regulation
(EU) 202172142
® marphins
» Codeina
The participants should provide their own enalytical standards.
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4. Questicnnaire
Agquestionngire will be sent electronically. In this guestionngire the participants will
be asked b pravide information about the laborelory method(s) wsed. This
infermation is necassary be conduct @ more in gegth 2nalysis of Lhe results ablained
in this praficiency test,

5. Repart

¢ Praliminary resulls of this proficiency Lest will be reportad o the participants in July
2023,

¢ The reporl is expected te be published in November 2023,

¢ Ragylts of the proficiency test will be presentad anonymausly.

¢ Digclosure af the resulls of the MRLS Lo the representative of the Eurapean
Comrmigsion is foreseen after the repart = published.

= The lallow-up pratacol on proficiency @sts frarm DG Sanlé will be applied.

&, additionsl infarmatian

» WF5R i3 ellowed W uwse the anonymous resulls of the proficency Lest in
presantalions, seminars and publications.

« WFSR will never infarm third parlies [eqg. accredilelion bodies) on specific
labaralory resulls wilhout infarming the laboretory firsl.

7. Cosls

» Parlicipation is free of charge for NALS.

» Official laboralories (OLs) can participale as leng as sulficient test material is
available, at & first come first serve basis. The participation fee for OLs is €270.-
[ex. WAT) a5 a comgensalion far the pregaration and transportation of Lhe samples,

» I an extra bateh of samples is needed alter the first shigping, Lhe eourier costs will
be eharged.

I you would ke o parlicipate, please Rl oul the acosmpanying participation Taem
[preferably digitally) end send it beck before February 24 2023: plowlar@wurnl.

Looking forward be weloome you lor this proficiciency Lest,

""_le P:Eieﬁ.pﬁﬂ'm

Diena Perebaanm
Proficiency Lests

EURL rayoslaxing & plant Waxing in foad and leed
Wageningen Food Safely Research
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Annex 6 Instruction letter

WAGENINGEN

UNIVERSITY & RESEARCH

Wageningen Food
P.Q. Box 230 | 6700 AE WAGENINGEN | The Netherdands Safety Research

T
Mairchi &, 2023

ST

Instructions proficiency test
oplum alicalolds In poppy seeds
and bakery products

LET LR e )

ST BT Te )

Dear Contactperson, 23032 11/WFSR

e ETRCTEEET FE

Th ; : ; i F.00. o 230
ank you very much for your interest in the proficiency test for the analysis Eh A ASENINGE
of opium zlkaloids in poppy seeds and bakery product. The Netherlands

WIRITOR aDtRlss
Wageningen Campus

- One material consisting of a poppy seed and one material consisting of Bullding 123
Akciermaaisbos 2

6708 WE WAGENINGEN

The parcel shipped to you should contain:

a bakery product. The poppy seed material contains approximately 50
grams of the homogenisad test material and the bakery product
approximately 25 grams.

W THT
www s nirkii

Instructions: ;-u"s::;m
- After arrival the samples should be stored at 4°C.
- Please fill in the accompanied "acknowledgement of receipt form” and AN L

return it immediataly upon receipt of the samples by e-mail piars ™

(prowfsrfvwur.nl). TR
- Before anzlysis, homogenise the samples according to your laboratory's +31(0) Gra3zaonT
procedure. s
- Treat the test material as a sample for routine analysis, according to pranfer@ear sl
your laboratory procedure. Report one result and not an average of
multiplea measurements.
- Quantify the opium zlkaloids morphine and codeine as defined in
Commission Regulation (EU) No. 2021/2142.
- Report for each material a total of 3 results, comprised of maorphine,
codeina and the weighted sum of these opium alkaloids:
1. Maorphine
2. Codeins
2. Sum of morphine and codeine, for which a factor of 0,2 is applied to
the level of codeine. The concentration refers to the sum of morphine
+ 0,2 codeine.

WAgRNINgE Baarch

Fenanditicn, Wagesingen Food Safety
Risaarch (WESE) 15 part of
Wagningen University & Basaarch.
WIS chrrias ot risaarch and
enelysls conmribatng B the sty
end reliatality of food Bnd fesd,
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DATE
March &, 2023

DUR REFERENCE
WFSR/EURLPT-MP09/2023

PaGE

2of2

- Reporting:
o Report all analytical results in mg/kg
o Report other results as *<[value mqg/kg]’ or 'nt’ as follows:

- *<[value in mg/kg]’: When the result for the analyte is below
the LOQ of the method, report the result as below the LOQ value
in mg/kg, e.g. as <10 mg/kg’.

- 'nt": If an analyte is not included in the scope of the method,
report the result as not tested, 'nt".

- Results reported in any other format (e.g. nd, detected, <L0OQ, etc) will
be regarded as not tested, 'nt’.

- Please use the web application to submit the results for the test samples
(https://criwebshop.wur.nl/ordsp/f?p=107:LOGIN). Information about
the use of this web application was sent to you earlier by e-mail.

- Provide detailed information in the questionnaire on the analysis of the
morphine and codeine and the analytical method used and send it back
to us by e-mail (pt.wfsr@wur.nl).

- ¥ou can download the EURL method "EURL-MP-method-007 Opium
alkaloids in food, for the analysis of opium alkaloids using LC-MS/MS",
from the EURL mycotoxins & plant toxins website
(hittps:/fwww.wur.nl/en/Research-Results/Research-Institutes/food-
safety-research/Reference-laboratory/European-Union-Reference-
Laboratory-1/EURL-mycotoxins-plant-toxins/Library-EURL-MP.htm).

- The deadline for submitting test-results for this proficiency test is 17th
of April 2023.

- Your username is:
- Your password Is:
- Your lab code to enter this proficiency test is:

Please contact me in case you have any questions or need any assistance.

with kind regards,

D Cecel com
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Annex 7 Scope and LOQ

LOQ (mg/kg)

Lab code Morphine Codeine
PT8258 0.03 0.03
PT8259 0.01 0.01
PT8260 1 1
PT8261 0.01 0.01
PT8262 0.1 0.1
PT8263 0.1 0.1
PT8264 (A)* 1.7 1.7
PT8264 (B)* 0.4 0.4
PT8265 0.1 0.1
PT8266 0.2 0.2
PT8267 (A)* 0.5 0.5
PT8267 (B)* 0.1 0.1
PT8268 0.2 0.2
PT8269

PT8270 0.1 0.1
PT8271 0.1 0.1
PT8272 (A)* 0.5 0.5
PT8272 (B)* 0.1 0.1
PT8273 (A)* 0.5 0.5
PT8273 (B)* 0.1 0.1
PT8274 1 1
PT8275 0.21 0.1
PT8276 0.15 0.15
PT8277 0.25 0.25
PT8278 0.1 0.1
PT8279 0.4 0.4
PT8280 0.01 0.01
PT8281 0.1 0.3
PT8282 0.01 0.01
PT8283 0.096 0.083
PT8285 (A)* 2 2
PT8285 (B)* 0.4 0.4
PT8286 0.1 0.1
PT8287 0.05 0.05
PT8288 1 1
PT8289 2 2

* (A)= material A (poppy seeds) and (B)= material B (the bakery product).
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Annex 8

Lab code Method

PT8258

PT8259

PT8260

PT8262

PT8263

PT8264

PT8265

PT8266

PT8267

PT8268

PT8270

PT8271

PT8272

PT8273

PT8274

Column

acid Phenomenex, Kinetex PFP,
150 x 2.1 mm, 1.7 pm

alkaline Waters, XBridge C18,
75 x 3.0 mm, 2.5 um
alkaline Phenomenex, Kinetex EVO C18,
150 x 3 mm, 5 ym
alkaline Waters, UPLC BEH C18,
100 x 2.1 mm, 1.7 pm
alkaline Waters, Acquity BEH C18,
100 x 2.1 mm, 1.7 um
alkaline Waters, XBridge C18,
150 x 3.0 mm, 5 pm
alkaline Waters, BEH C18,

100 x 2.1 mm, 1.7 pm
acid Thermo Scientific, Hypersil Gold® C18,
150 x 2.1 mm, 1.9 pm

alkaline Waters, Acquity UPLC BEH C18,
100 x 2.1 mm, 1.7 pm
acid Phenomenex Luna C18,
150 x 2.0 mm
acid Waters, Acquity UPLC BEH Amide,
100 x 2.1 mm, 1.7 ym
acid Waters, HSS T3,
100 mm x 2.1, 1.8 pm
alkaline Phenomenex, Gemini-NX C18,
150 x 2.00 mm, 5 pm
alkaline Waters, Acquity BEH C18,
100 x 2.1 mm, 1.7 pm
alkaline Phenomenex, Gemini RP18,

150 x 2 mm, 3 pm

Column length Total run time
(mm)

150

75

150

100

100

150

100

150

100

150

100

100

150

100

150

(min)

35

20

12

12

16

20

12

15

10

10

22

13

12

18

A
B
A
B
A
B
A
B
A
B
A
B
A
B
A:
B
A
B
A
B
A
B
A
B
A
B
A
B
A

Analytical method details

Mobile phase

: 5 mmol ammonium formate + 0.1% formic acid in water

: 5 mmol ammonium formate + 0.1% formic acid in methanol
: 20 mM ammonium bicarbonate

: methanol

: 1 mmol ammonium bicarbonate in methanol/water 5/95 (V/V)
: 1 mmol ammonium bicarbonate in methanol/water 95/5 (V/V)
:10 mM ammonium carbonate in water, pH 9.0

: acetonitrile

: 10 mM ammonium carbonate in water, pH 9

: acetonitrile

: 17 mM ammonium carbonate in water, pH 9

: methanol

: 10 mM ammonium carbonate in water pH 9.0

: acetonitrile

5 mmol ammonium formate + 0.1% formic acid in water

: 5 mmol ammonium formate + 0.1% formic acid in methanol
: 10 mM ammonium carbonate

: acetonitrile

: 5 mmol ammonium formate + 0.1% formic acid in water

: 5 mmol ammonium formate + 0.1% formic acid in methanol
: 50 mM ammonium formate

: acetonitrile

: water + ammonium acetate, 0.1% acetic acid

: acetonitrile + 0.1% acetic acid

: water + ammonium carbonate buffer pH 9

: acetonitrile

: 10mM ammonium carbonate (pH 9)

: acetonitrile

: 5 mM ammonium bicarbonate in water + 0.1% ammonium

hydroxide

Detection

technique

MS/MS

MS/MS

MS/MS

MS/MS

MS/MS

MS/MS

MS/MS

MS/MS

MS/MS

MS/MS

MS/MS

MS/MS

MS/MS

MS/MS

MS/MS

Morphine
RT (min)
2.19
4.94
4.7

3.4

5.1

3.0

3.28

1.32

3.5

4.24

1.97

4.95

3.6

7.7

Codeine

RT (min)

3.55

5.24

5.0

5.1

6.6

9.97

4.6

4.78

1.96

5.2

2.3

2.20

5.82

5.4

8.5
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Lab code Method Column Column length Total run time Mobile phase Detection Morphine Codeine
(mm) (min) technique RT (min) RT (min)
B: 5 mM ammonium bicarbonate in methanol/water (50:50, v/v)
+ 0.1% ammonium hydroxide

PT8275 acid Phenomenex, Synergi Polar RP, 100 20 A: water with 0.1% formic acid MS/MS 2.7 7.1
100 x 2 mm, 4 um, 80 A B: acetonitrile with 0.1% formic acid

PT8276 alkaline Waters, XBridge Premier BEH C18, 50 12 A: 10 mM ammonium carbonate in water MS/MS 3.9 5.6
50 x 2.1 mm, 2.5 ym B: acetonitrile

PT8277 acid Waters, Aquity BEH C18, 100 13 A: water + formic acid 0.1% HRMS 1.5 2.8
100 x 2.1 mm, 1.7 pm B: methanol + formic acid 0.1%

PT8278 acid Agilent, Pursuit 3 Diphenyl, 150 9 5 mmol ammonium formate, 1 mL formic acid in 1 L water MS/MS 3.0 3.6
150 x 3.0 mm, 3 pm

PT8279 alkaline Waters 15 A: 30 mmol ammonium bicarbonate/L 0.1% ammonia in water MS/MS 6.29 7.35

B: 30 mmol ammonium bicarbonate/L 0.1% ammonia in
methanol-water (95:5)

PT8280 alkaline YMC, Triart C18, 100 12 A: 10 mM ammonium carbonate in water, pH 9.0 MS/MS 4.22 5.3
100 x 2.0 mm, 1.9 pm B: acetonitrile

PT8281 acid Waters, Acquity BEH C18, 50 4 A: water + 0.1% formic acid MS/MS 1.45 2.33
50 x 2.1 mm, 1.7 ym B: acetonitrile + 0.1% formic acid

PT8282 acid Phenomenex, Luna Omega Polar C18, 50 23 A: water + 0.1% formic acid HRMS 3.0 6.8
50 x 4.6 mm, 3.0 ym B: methanol + 0.1% formic acid

PT8283 alkaline Waters, Acquity UPLC BEH C18, 150 16 A: 10mM ammonium carbonate in water pH 9 MS/MS 2.87 3.87
150 x 2.1 mm, 1.7 pm B: acetonitrile

PT8285 acid Thermo Scientific, Hypersil Gold C18, 150 20 A: water + 5 mM ammonium formate + 1% formic acid MS/MS 2.4 4.4
150 x 2.1 mm; 3 pm B: methanol + 5 mM ammonium formate + 1% formic acid

PT8286 acid Restek, Raptor ARC-18, 150 12 A: water + 0.1% formic acid + 5 mM ammonium formate MS/MS 0.6 0.637
150 x 2.1 mm, 1.8 ym B: acetonitrile + 0.1% formic acid

PT8287 acid Agilent, Zorbax Eclipse Plus C18, 50 10 A: 2 mM ammonium formate + 0.1% formic acid in water MS/MS 1.02 1.56

50 mm x 2.1 mm, 1.8 ym B: 2 mM ammonium formate + 0.1% formic acid in methanol

PT8288 acid MZ analysentechnik, Perfectsil 100 ODS-3, 250 24 A: 1% formic acid in water MS/MS 10.34 11.86
250 x 4.6 mm, 5 ym B: 1% formic acid in methanol

PT8289 alkaline Phenomenex, Gemini C18, 150 15 A: 10 mM ammonium carbonate in water, pH 9.0 MS/MS 10.8 12.3

150 x 3 mm, 3 um B: methanol
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Lab
code

PT8258

PT8259

PT8260

PT8262

PT8263

PT8264
PT8265

PT8266

PT8267

PT8268

PT8270

PT8271

PT8272

PT8273

PT8274

PT8275

Sample weight

(9)

A: 5 g: (wet sample
mix: 50 g A/100 g
water)

B: 10 g: (wet sample
mix: 30 g B/60 g water)
2.5

A:5
B: 5
A2
B: 4
A: 10
B: 4
10
2

A: 10
B: 4
A: 10
B: 4

Extraction solvent

methanol with formic acid 2%

methanol + 0.1% acetic acid

methanol/water/formic acid 60/40/0.4 (v/v/v)

0.4% formic acid in methanol/water (60/40, v/v)

0.4% formic acid in methanol/water (60/40, v/v)

methanol + 5% acetic acid
0.4% formic acid in methanol/water (6/4 v/v)

methanol/water 60/40 + 0.4% formic acid

methanol/water/formic acid (60/40/0.4, v/v/v)

methanol/water/formic acid

0.4% formic acid + methanol:water = 60:40

water:acetonitrile+0.5% acetic acid

0.4% formic acid in methanol/water (60/40, v/v)

0.4% formic acid in methanol/water 60/40

methanol/water (60:40, v/v) + 0.4% formic acid

methanol/water/formic acid (600/400/4)

Extraction
solvent
volume

(ml)
A: 50
B: 3 x 20

20
2 x50
A: 20
B: 40

100

100
20

2 x50
A: 20
B: 40
100
40
20
A: 100
B: 40
A: 100
B: 40

2x50

2x50

Extraction
conditions

mechanical
shaking

mechanical
shaking
mechanical
shaking
mechanical
shaking
mechanical
shaking
other
mechanical
shaking
mechanical
shaking
mechanical
shaking
mechanical
shaking
mechanical
shaking
mechanical
shaking
mechanical
shaking
shaking
(hand/vortex)
mechanical
shaking
mechanical
shaking

Extraction

time

(min)
3x15

20

2x45

30

30

65
30

2 x45

30

45

30

30

30

30

2x45

2 x45

Sample
clean-up

SPE

none

none

dilution

dilution

dilution
dilution

dilution

dilution

dilution

dilution

dilution

dilution

none

none

none

Internal
standard

codeine-D3; morphine D3

(only for the bakery
product)

morphine-D3

morphine-D3; codeine-D3

morphine-D3; codeine-D3

morphine-D3; codeine-D3

morphine-D3; codeine-D3

morphine-D6; codeine-D6

morphine-D3

morphine-D3; codeine-D3

morphine-D6; codeine-D6

morphine-D3; codeine-D3

morphine-D3; codeine-D6

morphine-D3; codeine-D3

morphine-D3; codeine-D3

morphine-D3; codeine-D3

Matrix
equivalent
final extract

(g/ml)
A: 0.00666
B: 2.5

0.05

0.1

0.1
0.1

0.0005

0.1

0.0025

0.1

0.001

0.1

0.002

0.05

0.05
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Lab

code

PT8276

PT8277

PT8278

PT8279

PT8280

PT8281

PT8282

PT8283

PT8285

PT8286
PT8287

PT8288

PT8289

Sample weight

(9)

A: 10
B: 4
18

2.5

A: 5
B: 10
10

Extraction solvent

methanol/water/formic acid 60/40/0.4

methanol + water + formic acid

methanol + acetic acid

acetic acid 0.1% in methanol

60:40 methanol:water 0.4% formic acid

0.4% acetic acid in methanol/water (60:40)

80% acetonitrile: 20% water + 1% formic acid

0.4% formic acid in methanol/water (60/40, v/v)

A: 1% formic acid in methanol (poppy seeds)

B: 1% formic acid in methanol/water 80/20

methanol

methanol/water/formic acid (10ml/10ml/100pl)

1 ml HCI/1000 ml methanol

0.4% formic acid in methanol/water (60/40, v/v)

A= material A; B= material B; HCl = hydrochloric acid.

Extraction
solvent
volume

(ml)
2 x50
A: 100
B: 40
120
50
40
30
50
A: 20
B: 40

2 x50

10
20

100

20

Extraction
conditions

mechanical
shaking
mechanical
shaking
mechanical
shaking
mechanical
shaking
ultra turrax
1 min/shaker
mechanical
shaking
mechanical
shaking
shaking
(hand/vortex)
mechanical
shaking
ultrasonic
mechanical
shaking
mechanical
shaking
shaking
(hand/vortex)

Extraction
time

(min)
2x45

30

30

60

30

60

30

30

2 x 60

10
15

60

30

Sample

clean-up

dilution

none

dilution

dilution

none

none

none

dilution

dilution

none

dilution

other

dilution

Internal

standard

morphine-D3; codeine-D3

morphine-D3; codeine-D3

morphine-D3

morphine-D3; codeine-D3

morphine-D3; codeine-D6

morphine-D3; codeine-D3

morphine-D3; codeine-D3

morphine-D6; codeine-D6

morphine-D3; codeine-D6

morphine-D3; codeine-D3

Matrix
equivalent
final extract
(g/ml)
0.01

0.03

0.0025

A: 0.002
B: 0.005

A:0.002
B: 0.01
A: 0.001
B: 0.0025

0.025

0.005




Annex 9 Results material A (poppy seeds)

Morphine Codeine Sum morphine + 0.2 x codeine
A: 13.3 mg/kg A: 24.3 mg/kg A: 18.2 mg/kg
u: 0.966 mg/kg u: 1.29 mg/kg u: 1.33 mg/kg
op: 3.31 mg/kg (25%) Op: 6.07 mg/kg (25%) Op: 4.55 mg/kg (25%)
robust o: 4.30 mg/kg (32%) robust o: 5.74 mg/kg (24%) robust o: 5.91 mg/kg (32%)
Lab code Result z-score Result z-score Result z-score
(mg/kg) (mg/kg) (mg/kg)

PT8258 11.93 -0.40 19.22 -0.83 15.77 -0.53
PT8259 8.58 -1.41 17.0 -1.20 12.0 -1.36
PT8260 15.8 0.77 27.03 0.45 21.2 0.66
PT8261 15.26 0.61 31.69 1.22 21.6 0.75
PT8262 4.3 -2.70 8.4 -2.62 6.0 -2.68
PT8263 13.982 0.22 26.746 0.41 19.331 0.25
PT8264 17.57 1.30 33.09 1.45 24.19 1.32
PT8265 11.7 -0.47 20.5 -0.62 15.8 -0.53
PT8266 13.1 -0.05 20.5 -0.62 17.2 -0.22
PT8267 10.05 -0.97 21.1 -0.52 14.27 -0.86
PT8268 15.4 0.65 26.4 0.35 20.7 0.55
PT8269 2.3 -3.31 28.6 0.71 8.02 -2.24
PT8270 10.95 -0.69 18.75 -0.91 14.7 -0.77
PT8271 14.5 0.38 25.3 0.17 19.6 0.31
PT8272 16.7 1.04 28.6 0.71 22.4 0.92
PT8273 15.85 0.78 28.53 0.70 21.56 0.74
PT8274 12.7 -0.17 19.3 -0.82 16.6 -0.35
PT8275 19.6 1.92 31.6 1.20 25.9 1.69
PT8276 18.7 1.65 26.86 0.42 24.07 1.29
PT8277 10 -0.98 16 -1.36 13 -1.14
PT8278 16.84 1.08 31.13 1.13 47.97 6.54
PT8279 8.622 -1.40 24.265 0.00 13.475 -1.04
PT8280 17.29 1.22 25.62 0.22 42.91 5.43
PT8281 12.904 -0.10 23.41 -0.14 17.586 -0.13
PT8282 11 -0.68 17 -1.20 14 -0.92
PT8283 16.1 0.86 30.2 0.97 22.2 0.88
PT8285 14.9 0.50 27.8 0.58 20.5 0.51
PT8286 5.4 -2.37 22.65 -0.27 9.93 -1.82
PT8287 11.4 -0.56 18.2 -1.00 15 -0.70
PT8288 9.06 -1.27 23.85 -0.07 13.83 -0.96
PT8289 166 46.11 26 0.28 192 38.20

A = consensus value (robust mean).

u = uncertainty of consensus value.

op = target standard deviation for proficiency test.

robust o = robust (relative) standard deviation based on participants’ results.
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morphine in material A codeine in material A
3,5 4

2,5 1 36.4 mg/kg

v o
o o
b3 &
N N
6.63 mg/kg 154
B 12:1 mg/kg
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Figure 1 Graphical representation of the z-scores for morphine in material A. Figure 2 Graphical representation of the z-scores for codeine in material A.
Dotted lines show PT performance boundaries £ 2 (also in mg/kg) and % 3. Dotted lines show PT performance boundaries £ 2 (also in mg/kg) and % 3.
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Figure 3 Graphical representation of the z-scores for the sum of morphine +

0.2 codeine in material A. Dotted lines show PT performance boundaries x 2 (also in mg/kg) and £ 3.




Annex 10 Results material B
(bakery product)

Morphine Codeine Sum morphine + 0.2 x codeine
A: 1.01 mg/kg A: 0.175 mg/kg A: 1.057 mg/kg
u: 0.067 mg/kg u: 0.015 mg/kg u: 0.064 mg/kg
Op: 0.252 mg/kg (25%) op: 0.044 mg/kg (25%) Op: 0.264 mg/kg (25%)
robust o: 0.298 mg/kg (30%) robust c: 0.057 mg/kg (32%) robust o: 0.283 mg/kg (27%)
Lab code Result z-score Result z' -score Result z-score
(mg/kg) (mg/kg) (mg/kg)

PT8258 0.983 -0.09 0.161 -0.30 1.015 -0.16
PT8259 0.67 -1.34 0.11 -1.40 0.69 -1.39
PT8260 1.17 0.65 <1 [17.90] 1.17 0.43
PT8261 0.33 -2.69 0.12 -1.19 0.35 -2.68
PT8262 1.74 2.91 0.34 3.58 1.76 2.66
PT8263 0.751 -1.02 <0.1 [-1.62] 0.751 -1.16
PT8264 0.88 -0.50 <0.4 [4.88] 0.88 -0.67
PT8265 1.0 -0.03 0.13 -0.97 1.0 -0.22
PT8266 1.4 1.56 0.2 0.55 1.5 1.68
PT8267 1.02 0.05 0.13 -0.97 1.05 -0.03
PT8268 1.09 0.33 0.2 0.55 1.13 0.28
PT8269 0.22 -3.13 0.04 -2.92 0.228 -3.14
PT8270 1.16 0.61 0.196 0.46 1.20 0.54
PT8271 1.98 3.87 0.33 3.37 2.05 3.76
PT8272 1.22 0.85 0.289 2.48 1.28 0.84
PT8273 1.08 0.29 0.22 0.98 1.12 0.24
PT8274 1.2 0.77 <1 [17.90] 1.2 0.54
PT8275 1.11 0.41 0.21 0.76 1.15 0.35
PT8276 1.25 0.97 0.22 0.98 1.29 0.88
PT8277 0.56 -1.77 <0.25 [1.63] 0.56 -1.88
PT8278 0.94 -0.26 0.15 -0.54 1.09 0.13
PT8279 0.531 -1.89 <0.4 [4.88] 0.531 -1.99
PT8280 0.88 -0.50 0.17 -0.10 1.05 -0.03
PT8281 1.163 0.62 0.17 -0.10 1.197 0.53
PT8282 1.1 0.37 0.21 0.76 1.1 0.16
PT8283 1.23 0.89 0.16 -0.32 1.26 0.77
PT8285 1.00 -0.03 <0.40 [4.88] 1.00 -0.22
PT8286 0.45 -2.21 0.15 -0.54 0.48 -2.18
PT8287 0.909 -0.39 0.14 -0.75 0.958 -0.37
PT8288 0.54 -1.85 0.11 -1.40 0.56 -1.88
PT8289 11 39.71 <2 [39.58] 11 37.63

A = consensus value (robust mean).

u = uncertainty of consensus value.

op = target standard deviation for proficiency test.

robust o = robust (relative) standard deviation based on participants’ results.
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Figure 4 Graphical representation of the z-scores for morphine in material B. Figure 5 Graphical representation of the z-scores for codeine in material B.
Dotted lines show PT performance boundaries x 2 (also in mg/kg) and = 3. Dotted lines show PT performance boundaries = 2 (also in mg/kg) and = 3.
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Figure 6 Graphical representation of the z-scores for the sum of morphine +

0.2 codeine in material B. Dotted lines show PT performance boundaries + 2 (also in mg/kg) and + 3.




Annex 11 Overview performance per
laboratory

Lab code Individual opium alkaloids Sum opium alkaloids
Satisfactory performance * Satisfactory performance *

PT8258 4 out of 4 2 out of 2
PT8259 4 out of 4 2 out of 2
PT8260 3 out of 4 2 out of 2
PT8261 3 out of 4 1 out of 2
PT8262 0 out of 4 0 out of 2
PT8263 3 out of 4 2 out of 2
PT8264 3 out of 4 2 out of 2
PT8265 4 out of 4 2 out of 2
PT8266 4 out of 4 2 out of 2
PT8267 4 out of 4 2 out of 2
PT8268 4 out of 4 2 out of 2
PT8269 1 out of 4** 0 out of 2**
PT8270 4 out of 4 2 out of 2
PT8271 2 out of 4 1 out of 2
PT8272 3 out of 4 2 out of 2
PT8273 4 out of 4 2 out of 2
PT8274 3 out of 4 2 out of 2
PT8275 4 out of 4 2 out of 2
PT8276 4 out of 4 2 out of 2
PT8277 3 out of 4 2 out of 2
PT8278 4 out of 4 1 out of 2
PT8279 3 out of 4 2 out of 2
PT8280 4 out of 4** 1 out of 2**
PT8281 4 out of 4 2 out of 2
PT8282 4 out of 4 2 out of 2
PT8283 4 out of 4 2 out of 2
PT8285 3 out of 4 2 out of 2
PT8286 2 out of 4 1 out of 2
PT8287 4 out of 4 2 out of 2
PT8288 4 out of 4 2 out of 2
PT8289 1 out of 4 0 out of 2

* Satisfactory performance here means a quantitative result with a satisfactory z-score was obtained for the individual OAs or the total sum of OAs
present in material A and B. Results reported as <LOQ are not considered a satisfactory z-score.

**reported results after the deadline.
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