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This Method Evaluation Study (MES), NRL-FCM-DE 01/2025, was organised by the
German National Reference Laboratory for Food Contact Materials (NRL-FCM-DE).
The NRL-FCM-DE is part of the Reference Centre for Food and Feed Analysis at the
German Federal Institute for Risk Assessment (BfR). The MES was carried out in the
framework of the § 64 Working Group “Consumer products” of the Federal Office
of Consumer Protection and Food Safety (BVL). According to §64 of the German
Food and Feed Code (LFGB), the BVL publishes an official collection of methods for
sampling and analysis (ASU). In this MES, the concentrations of 3-monochloro-1,2-
propanediol (3-MCPD) and 1,3-dichloro-2-propanol (1,3-DCP) in cold water
extracts of paper, board, and fibre according to the standard DIN EN 645 had to be
determined using GC-MS(/MS).

The participating laboratories received two solutions. One containing the test
solution (cold water extract spiked with 3-MCPD and 1,3-DCP) and another
containing a blank solution.

As part of this MES, the influence of various parameters on the quantification of
chloropropanols had to be investigated. This included the influence of
derivatization reagent (MSTFA or BSTFA), the method of solvent removal from the
eluate, sample dilution prior to analysis, and the choice of internal standard (IS) for
the quantification of 1,3-DCP (1,3-DCP-ds or CMP).

Thirteen laboratories reported results for the 3-MCPD analysis of samples
prepared with both derivatization reagents and vacuum evaporation systems.
Eleven laboratories reported results for samples prepared using evaporation
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systems with nitrogen. After removing the outliers, eight to twelve results were
available for evaluation for each preparation method, including the diluted
samples.

Regardless of the derivatization reagent utilised, more laboratories quantified 1,3-
DCP for sample preparation methods employing a vacuum evaporator system than
for those methods that employed an evaporator system with a nitrogen stream.
The utilisation of 1,3-DCP-ds as IS was found to be more frequently for the
quantification of 1,3-DCP, in comparison to CMP.

The results reported by the laboratories were evaluated quantitatively based on
the reported concentrations in accordance with ISO 5725-2 [1], and the
interlaboratory repeatability (s;) and reproducibility (sz) standard deviations were
calculated. For the convenience of the participating laboratories, z scores were
also calculated in accordance with 1SO 13528 [2].

The use of the provided method led to comparable and reproducible results for
both analytes and for all sample preparation methods when their respective
deuterated analogues were used as IS. The calculated sk values ranged from 8% to
16%, and the calculated s, values ranged from 2% to 8%.

When CMP was used as IS for the determination of 1,3-DCP, the sz and s, values
were much higher for all sample preparation methods (20-40% and 4-20%,
respectively) except for the diluted samples prepared using MSTFA (9-16% and
1-10%, respectively). In consideration of the scientific data generated in this MES,
it is recommended that the utilisation of CMP as an IS be discontinued.
Consequently, it will be removed from the final method description.

The majority of the results were acceptable in terms of z scores. A particularly
good performance was achieved in the determination of 1,3-DCP using 1,3-DCP-ds
in samples prepared using MSTFA with acceptable z scores for all laboratories.

For both analytes, it was demonstrated that sample dilution prior to analysis did
not significantly improve reproducibility between laboratories when their
respective deuterated analogues were used for quantification.

Combining all reported values for undiluted solutions quantified using their
respective deuterated analogues results in a much larger dataset, reducing the
uncertainty in the statistical estimation of the method's reproducibility and
repeatability. This results in sg and s, values of 12% and 4% for 3-MCPD, and 12%
and 6% for 1,3-DCP, respectively.

These findings demonstrate a high degree of interlaboratory reproducibility and
repeatability for the determination of both 3-MCPD and 1,3-DCP in cold water
extracts of paper, board, and fibre according to DIN EN 645 at concentrations
approximating those recommended in BfR Recommendation XXXVI [3].

BfR | Method evaluation study | Science Report issued 13 July 2026 2/58



Table of contents

List of abbreviations and symbols........ccciciiiiiiiiiiiiiiiiiiiii e e seees 5
1 INErodUCtioN..cceeeeiciici e e e 6
7 2 Y o o  « T - Y 6
3 Set-up Of the stUdy ....ceuiiiiiiiiiii s s ra e e e sa s s e s s a s e an e 7
3.1 Time frame of the MES ... e e e e e e e e 7
3.2 Confidentiality ..cceeeeeeiee e, 7
3.3 DISTIIDUTION .ttt e e s e e s e s e e s 7
3.4 INStructions tO PartiCiPaANTS. .cciiiiii e e e e e e e eaa e 7

4 Sample material - Cold Water Extract (CWE) test solUtions .........ccceerienirieecieancrennnnnes 8
4.1 Concentrations of the chloropropanols in the CWE test solution.........cccccccoevviiiiinnnnnn... 8
4.2 Preparation of the CWE test sOlUtioNS........ccoovviiiiiiiiiiii, 8

L I - | o 1111 4SO PP O PP PUOPPPPPRPPPPP 8

5 Assigned values and standard deviations for proficiency assessment ........................ 8
S 2V 1111 4o T o N 9
6.1 Evaluation Criteria @and SCOIES.......cuiiiii ittt e e e e e e e e e e e e 9
6.2 Statistical parameters......ccccoe i, 11
6.3 Results for the determination of 3-MCPD using 3-MCPD-ds.........ccccccevvvveiiiiiiiieieenen, 11
6.4 Results for the determination of 1,3-DCP using 1,3-DCP-ds.......ccceeeevveviiiiniieeeeeeeeninnnn, 12
6.5 Results for the determination of 1,3-DCP using CMP .........ccouviiiiiiiiiiiiiicciee e, 12
6.6 Combined results for undiluted solutions, scientific justification and reasoning......... 12
6.7 Performance of the laboratories according to z score.......cccceeviiiiiiiiii, 14
6.7.1 Determination of 3-MCPD uSing 3-MCPD-As...........cuuuuuiriuniiiriiriiinennnninnennnnnnnn. 14
6.7.2 Determination of 1,3-DCP uSing 1,3-DCP-Gs....cccccevvveriiiiiiieieeeeeeiece e 15
6.7.3 Determination of 1,3-DCP USINg CMP .....cooviiiiiiei e 16

6.8 Limits of detection and quantification as well as used analytical techniques.............. 17
6.9 Acidity of the analyzed solution.........ccccoiiii 18
6.9.1 Sample preparation and @NalySiS .........uuuuuuiiiiiuiiiiiiiiiiiiirir i ———————————————— 18

72 0o T ol 173 ' 4 T3S 20
8 Acknowledgments / List of participating laboratories......ccccccerveeeeiriirenccrreennccenennnen. 22
L U= (=T =T T 23
10 List Of TADI@S .ceuuuiiiiieiiiiiiiicce e 24
O L 3T - RN 25
0 T AV T o T [ 4 =Y PP P PSP PPPTTPPP 25
11.2 Registration fOrm. .o e e e e e e e e e e e et aaaaeaes 26

BfR | Method evaluation study | Science Report issued 13 July 2026 3/58



11.3 Accompanying letter to participants...........uieiii i 28

R 1 1 o U ot o] o ST PP P PP PP PP PP PPPPPPPPPPPRPPPIR 29
11.5 QuestionNaire aNd RESUILS........uuiiiiiiiiieiiiee e e 31
11.6 Results reported by the participating |aboratories.........cccccvvviiiiiiiiiiiiiiiiiiiin, 34
11.7 Additional information extracted from the questionnaire..........cccooeeeeiiiiiiiiiiiienennnnnn, 35
11.8 Submitted results for the determination of 3-MCPD using 3-MCPD-ds ..................... 38
11.9 Submitted results for the determination of 1,3-DCP using 1,3-DCP-ds............ccvvvnnee 39
11.10 Submitted results for the determination of 1,3-DCP using CMP...........ccccvvvvvvvvnnnns 40

11.11 Results for the determination of 3-MCPD using 3-MCPD-ds, used in the statistical
E T =1 A £ SR 41

11.12 Results for the determination of 1,3-DCP using 1,3-DCP-ds, used in the statistical
ANAIYSIS i 42

11.13 The draft version of the evaluated § 64 method ..........coooviiiiiiiiiiiiiiee, 43

BfR | Method evaluation study | Science Report issued 13 July 2026 4 /58



List of abbreviations and symbols

3-MCPD
1,3-DCP
BfR

BSTFA
CL
CMP
CWE
DIN
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LOD
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MS
MS/MS
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opt

3-Monochloropropane-1,2-diol

1,3-Dichloro-2-propanol

Bundesinstitut fiir Risikobewertung - German Federal Institute for
Risk Assessment

N, O-bis(trimethylsilyl)trifluoroacetamide

Commercial laboratory

3-Chloro-1-methoxy-2-propanol

Cold water extract

Deutsches Institut fir Normung - German Institute for
Standardisation

Food contact material

Gas chromatography

Limit of detection

Limit of quantification

Method evaluation study

Mass spectrometry

Tandem mass spectrometry
N-methyl-N-(trimethylsilyl)-trifluoracetamid
Measurement uncertainty

Not detectable

National Reference Laboratory

Official Control Laboratory

Recommended value

Recommended working range

Specific migration limit

Coverage factor

Number of results of the laboratory i

Number of laboratories after elimination of outliers
Standard deviation of the results of the laboratory i
Variance between the laboratories

Interlaboratory repeatability standard deviation
Interlaboratory reproducibility standard deviation
Mean value, calculated from single values reported by the
participant i

Assigned value

Overall mean value of the mean values of all the laboratories after
elimination of outliers

Score used for proficiency assessment
Standard deviation for proficiency assessment
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1 Introduction

This Method Evaluation Study (MES), NRL-FCM-DE 01/2025, was organised by the German
National Reference Laboratory for Food Contact Materials (NRL-FCM-DE). The NRL-FCM-DE
is part of the Reference Centre for Food and Feed Analysis at the German Federal Institute
for Risk Assessment (BfR). The MES was carried out in the framework of the § 64 Working
Group “Consumer products” of the Federal Office of Consumer Protection and Food Safety
(BVL). According to §64 of the German Food and Feed Code (LFGB), the BVL publishes an
official collection of methods for sampling and analysis (ASU). The study assesses the
parameters for a new method for the ASU for determining the presence of the
chloropropanols 3-monochloro-1,2-propanediol (3-MCPD) and 1,3-dichloro-2-propanol (1,3-
DCP) in cold water extracts of paper, board, and fibre according to the standard DIN EN 645.

According to the BfR Recommendation XXXVI [3] for food contact materials 1,3-dichloro-2-
propanol must not be detectable in water extracts of the finished product (detection limit
2 pg/L, as of 01.02.2023). The transfer of 3-monochloro-1,2-propanediol into the water
extract of the finished products must be as low as technically achievable, a limit of 12 pg/L
(as of 01.02.2023) must not be exceeded in any case.

This MES was open to European Union Member State National Reference Laboratories
(NRL), Official Control Laboratories (OCL) and commercial laboratories (CL). 14 laboratories
registered for this MES and 13 laboratories submitted results. One laboratory submitted
results for individual samples from both an GC-MS and an GC-MS/MS systems.

The final results of the MES are summarized in this report.

2 Scope

The objective of the present MES was to evaluate and assess the performance criteria for a
draft version of a new method for the ASU for determining the presence of the
chloropropanols 3-MCPD and 1,3-DCP in cold water extracts of paper, board, and fibre
according to the standard DIN EN 645.
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3 Set-up of the study

3.1 Time frame of the MES

The invitation for NRL-FCM-DE 01/2025 was dispatched to the participating German labs on
June 17, 2025. The invitation was also distributed on July 28, 2025, within the EURL-FCM
network. The registration period remained open until August 22, 2025. Samples were
dispatched to the participants on October 8, 2025 and the deadline for reporting of results
was set to November 7, 2025. However, a deadline extension has been granted to two
laboratories, allowing them until November 14, 2025 to comply. The last results were
received on November, 14 2025.

3.2 Confidentiality

The procedures used to organize this MES guarantee that the identity of the participants
and the information they provide is treated as confidential. Participants in this MES were
given a unique laboratory code, which is used throughout this entire report.

3.3 Distribution

In order to ascertain the presence of 3-MCPD and 1,3-DCP, each participant was provided
with two well-sealed headspace vials. One containing approximately 60 mL of the test
solution (cold water extract spiked with 3-MCPD and 1,3-DCP), while the other contained a
blank solution. All test solutions were prepared in the TUV Rheinland LGA Products GmbH
laboratories and already contained the necessary amount of sodium chloride. All
participating laboratories received their parcels containing two samples successfully, and no
problems (e.g. loss of volume) were reported.

3.4 Instructions to participants

The draft version of the ASU method for the determination of 1,3-DCP and 3-MCPD in CWEs
of paper, board and cardboard using GC-MS(/MS) was sent to the participants in advance.

Some further information to the participants were given in the instructions document (see
11.4).

The results and general information about the analytical procedure had to be submitted via
a reporting website using a unique laboratory token.
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4 Sample material - Cold Water Extract (CWE) test solutions

4.1 Concentrations of the chloropropanols in the CWE test solution

The concentrations of the chloropropanols in the test solution (x,:) were based on the BfR
Recommendation XXXVI “Paper and board for food contact” [3] and the recommended
working ranges (RWR) for compliance testing. The RWR-values were selected according to
the JRC guidelines for analytical methods in food control [4]. Herein, a working range of at
least 20 to 200% of the corresponding legal limit (equivalent to recommended value of the
BfR recommendation) is recommend for enforcement laboratories.

Table 1: Concentrations of chloropropanols (x,:) in CWE test solution, the recommended values (RV, [3]) and the
recommended working ranges (RWR, [4]) for testing.

Xpt Xpt RV RWR
Analyte o

[ug/L] [% of RV] [ng/L] [ng/L]
3-MCPD 16.32 136 12 2.4-24.0
1,3-DCP 2.26 113 2% 0.4-4.0

*Not detectable (ND), a limit of 2 ug/L is currently applicable

4.2 Preparation of the CWE test solutions

The CWE test solutions were prepared in the laboratories of the TUV Rheinland LGA
Products GmbH from CWEs of paper muffin cups that were combined and spiked to the
target concentrations of 3-MCPD and 1,3-DCP.

4.3 Stability

A stability study was performed in the laboratories of the TUV Rheinland LGA Products
GmbH. The solutions were stable for the entire MES duration.

5 Assigned values and standard deviations for proficiency assessment

The assigned values (xp:) for 3-MCPD and 1,3-DCP are shown in Table 2. The values for the
standard deviations for proficiency assessment (o,:) were set to 20% for the analysis of
3-MCPD and 1,3-DCP by perception of experts.

Table 2: Assigned values (x,¢) and standard deviations for proficiency assessment (o)

Analyte Xpt Ort
[ug/L] [% of Xpi]

3-MCPD 16.32 20

1,3-DCP 2.26 20
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6 Evaluation

6.1 Evaluation criteria and scores

The evaluation of a standard measurement method in terms of interlaboratory repeatability
(sr) and reproducibility (sg) standard deviations was performed according to ISO 5725-2 [1].
The following equations were used for the calculations:

2
n; . S
Sy = Z 1 — 1) i Equation 1
b (i —1)
where:
n; Number of individual results of the laboratory i
Si Standard deviation of the results of the laboratory i
p Number of laboratories after elimination of outliers
Sgp = /srz + s? Equation 2
2 _ 2
st = Sa — 5r Equation 3
1 p
St =—- n; - (x; — %)? Equation 4
p—1 i=1
1 p Zp_ nz
n=—: (Z n; — ot — Equation 5
p—1 i=1 i=1
where:
s?,  Variance between the laboratories
X; The mean value of the results of the laboratory i
X The overall mean value of the mean values of all the laboratories after the

elimination of the outliers

The reproducibility limit R shows the maximum expected absolute difference between two
single laboratory results. For a 95% probability:

R=k-V2- sz =28"spg Equation 6

The repeatability limit r shows the maximum expected absolute difference between two
single test results obtained under repeatability conditions. For a 95% probability:

r=k-vV2-s,=28"s, Equation 7
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The Horwitz equation is an empirical formula used in analytical chemistry to estimate the
expected reproducibility of a measurement method based on analyte concentration [5].
Thompson modified the model to better fit very low and very high concentrations [6].

0.22-c ifc <1.2-1077
olg/g9] =10.02-c%89%  if1.2:1077 < ¢ <0.138 Equation 8
0.01-¢%5 ifc >0.138

Where c is a mass fraction of the analyte in ganalyte/Ematrix-

The expected reproducibility can be calculated as a percentage o [%] by multiplying the
calculated mass fraction o [g/g] by 100%.

SDyorwitz[%] = 0 [%0] =0 [g/g] - 100% Equation 9

In analytical chemistry, the Horwitz ratio (HorRat) is a performance parameter used to
evaluate the method's reproducibility.

Sr1%
HorRatg = % Equation 10

HorRatr values between 0.5 and 2.0 are considered acceptable for the routine method [7].

In addition, the individual laboratory performance was expressed in terms of z scores
according to ISO 13528 [2]. The z score describes the deviation between the participants’
mean and the assigned value in terms of the standard deviation for proficiency assessment
(0pt). The z scores for the proficiency test results x; were calculated as follows:

xl - xpt i
Zi= ————— Equation 11

Gpt

The interpretation of the z performance scores is done according to 1ISO 13528 [2]:

|z;] <2.00 acceptable performance (green in Tables)
2.00 < |z] < 3.00 questionable performance (orange in Tables)
|z;| = 3.00 unacceptable performance (red in Tables)
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6.2 Statistical parameters

The evaluation of the MES results in terms of interlaboratory repeatability (s;) and
reproducibility (sg) standard deviations is summarized in Table 3 to Table 5.

The results presented below are grouped according to the type of sample preparation
technique applied in this study:

Evaporation: use of a vacuum evaporator system (ES), such as a Syncore, or an evaporator
system that uses a nitrogen stream (NS), such as a TurboVap.

Derivatization: using MSTFA or BSTFA
Dilution factor: 1 (direct analysis with no dilution) or 5 (dilution 1:5)
The instructions for the sample preparation can be found in the Annex (see 11.4)

The majority of participating laboratories (10-13) reported results for the 3-MCPD analysis,
using both derivatization reagents and evaporation techniques.

Regardless of the derivatization reagent used, more results for the quantification of 1,3-DCP
were reported for sample preparation methods that used a vacuum evaporator system (ES;
7-11 laboratories) than for methods that used an evaporator system with a nitrogen stream
(NS; 4-8 laboratories). 1,3-DCP-ds was used more frequently for the quantification of 1,3-
DCP (ES: 10-11, NS: 7-8), as compared to CMP (ES: 7-8, NS: 4-5).

The reproducibility standard deviations (sg) for the determination of 3-MCPD and 1,3-DCP
for all sample preparation methods were within the range of 8.0-16.4% when their
respective deuterated analogues were used as internal standards. When CMP was used as
the internal standard for the determination of 1,3-DCP, the sg-values were much higher for
all sample preparation methods, ranging from 20.1% to 40.4%, except for the diluted
samples prepared using MSTFA with values of 8.5% (NS) and 15.7% (ES).

6.3 Results for the determination of 3-MCPD using 3-MCPD-ds

Table 3: Statistical parameters for the determination of 3-MCPD using 3-MCPD-ds as the internal standard.

Evaporation Nitrogen Stream (NS) Vacuum Evaporator (ES)
Derivatization MSTFA BSTFA MSTFA BSTFA
Dilution Factor 1 5 1 5 1 5 1 5

No. of labs 11 10 11 10 13 12 13 13
No. of labs without outliers 10 8 9 8 12 11 11 11
Mean [ug/L] 16.80 16.40 [17.07 16.65 [17.28 16.82 [16.69 17.30
Repeatability SD* (s;) [%] 5.2 2.3 4.5 2.5 2.6 2.7 3.6 2.4
Reproducibility SD* (sg) [%] 13.7 9.4 16.4 13.6 9.7 12.7 10.9 12.8

* SD: Standard deviation
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6.4 Results for the determination of 1,3-DCP using 1,3-DCP-ds

Table 4: Statistical parameters for the determination of 1,3-DCP using 1,3-DCP-ds as the internal standard.

Evaporation Nitrogen Stream (NS) Vacuum Evaporator (ES)
Derivatization MSTFA BSTFA MSTFA BSTFA
Dilution Factor 1 5 1 5 1 5 1 5
No. of labs 7 8 8 8 11 11 10 11
No. of labs without outliers 7 8 7 7 11 11 9 9
Mean [ug/L] 2.30 2.30 2.37 2.49 2.35 2.41 2.40 2.44
Repeatability SD* (s/) [%] 7.3 3.9 3.7 5.1 8.0 7.0 4.2 4.9
Reproducibility SD* (sg) [%] 12.0 8.0 13.1 11.7 14.2 9.9 8.7 14.0
* SD: Standard deviation

6.5 Results for the determination of 1,3-DCP using CMP

Table 5: Statistical parameters for the determination of 1,3-DCP using CMP as the internal standard.
Evaporation Nitrogen Stream (NS) Vacuum Evaporator (ES)
Derivatization MSTFA BSTFA MSTFA BSTFA
Dilution Factor 1 5 1 5 1 5 1 5
No. of labs 5 5 4 4 8 8 7 7
No. of labs without outliers 5 4 4 4 8 7 6 7
Mean [ug/L] 2.29 2.08 2.25 2.23 2.97 2.50 2.36 2.00
Repeatability SD* (s/) [%] 3.5 0.9 6.1 20.3 14.7 9.5 8.1 14.3
Reproducibility SD* (sg) [%] 29.0 8.5 28.3 31.4 36.9 15.7 20.1 40.4

* SD: Standard deviation

6.6 Combined results for undiluted solutions, scientific justification and reasoning

In general, the method using CMP as IS for 1,3-DCP results in significantly higher sg values.
Consequently, this approach is not advised for this particular analytical method. For both
analytes, it was demonstrated that sample dilution prior to analysis did not significantly
improve reproducibility between laboratories when their respective deuterated analogues
were used for quantification. Furthermore, the dilution of the sample has been shown to
reduce the concentration of target analytes in the analysis solution, which may result in an
increase in the LOQ of the method.

Therefore, all reported values for undiluted solutions were combined into a single data set
for statistical analysis, except for the 1,3-DCP data quantified using CMP. This results in a
much larger dataset, reducing uncertainties in the statistical estimation of the method's
reproducibility and repeatability. Furthermore, the parameters estimated using the
combined dataset include potential deviations related to differences in derivatization
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reagents (MSTFA or BSTFA) and evaporator systems (NS or ES). This makes the entire
method even more robust. The estimated statistical parameters are summarized in Table 6.

Table 6: Final statistical parameters for the determination of 3-MCPD and 1,3-DCP estimated using all reported
values for undiluted CWE test solutions quantified using their respective deuterated analogues.

Analyte 3-MCPD 1,3-DCP
Internal standard 3-MCPD-ds 1,3-DCP-ds
No. of results* 46 37

No. of results without outliers 42 34
Mean [ug/L] 16.97 2.36
Repeatability SD (sr) [ug/L] 0.68 0.15
Repeatability SD (s/) [%] 4.0 6.3
Repeatability limit (r) [%] 11.3 17.6
Reproducibility SD (sr) [ng/L] 2.08 0.28
Reproducibility SD (sr) [%] 12.3 11.9
Reproducibility limit (R) [%] 34.3 33.3
Reproducibility SD (SDHorwitz) [%] 22.0 22.0
HorRatr value 0.56 0.54

*Number of results submitted by laboratories. The great majority of these results were analysed in duplicates.

According to the t-test at the 95% confidence level, no significant difference was found
between the total mean of participants and the spiked value for both analytes.

The relative reproducibility standard deviation values for 3-MCPD of 12.3% and for 1,3-DCP
of 11.9 % are within the range of 8.0-16.4% determined for the individual sample
preparation methods (see above). This demonstrates that the distribution of values in the
combined dataset is similar to those of the individual sample preparation methods,
indicating that there is no significant bias between these methods. Otherwise, an increase in
reproducibility standard deviation due to variation in individual biases would be expected.
This assumption was confirmed through variance analysis. The homogeneity of variances
requirement was met, and the one-way ANOVA revealed no significant differences among
the groups. The calculated values of reproducibility standard deviation are significantly
lower than the corresponding Horwitz reproducibility standard deviation (SDuorwitz) Value of
22%, often used as a benchmark for collaborative trials [2,6]. This results in acceptable
Horwitz ratios (HorRatg) of 0.56 and 0.54 for 3-MCPD and 1,3-DCP, respectively. These
values demonstrate that the method is performed with a high degree of precision and
consistency in participating laboratories, and that it is robust and yields highly consistent
results.

A similar situation is observed for the relative repeatability standard deviation values. The
values of 4.0 for 3-MCPD and 6.3 for 1,3-DCP are within the previously observed range of
2.3-8.0% for the individual sample preparation methods.

BfR | Method evaluation study | Science Report issued 13 July 2026 13 /58



6.7 Performance of the laboratories according to z score
6.7.1 Determination of 3-MCPD using 3-MCPD-ds

All except one laboratory reported acceptable results for the determination of 3-MCPD in
diluted and undiluted solutions using both evaporation techniques with MSTFA. All except
two of the results for the diluted solutions prepared using BSTFA were acceptable, while
four of the results for undiluted solutions (two per evaporation method) were unacceptable
and one was questionable. One of the laboratories reported unacceptable results for all
solutions.

For samples prepared using vacuum evaporator systems (ES), all laboratories reported
results for all sample preparation methods, except for one laboratory that did not report
results for undiluted solutions. One laboratory reported an additional result for a diluted
solution that was prepared using a BSTFA and a vacuum evaporator system. Regarding
samples prepared using nitrogen stream evaporators (NS), two laboratories did not report
any results and one laboratory only reported results for undiluted solutions.

Table 7: z scores for the quantification of 3-MCPD using 3-MCPD-ds as the internal standard. The value of g,: was
set to 20 % of the corresponding x,: value of 16.32 pg/L. According to ISO 13528 [2], |z score| < 2.00 is acceptable
(highlighted in green), 2.00 < |z score| < 3.00 is questionable (highlighted in orange) and |z score| = 3.00 is

unacceptable (highlighted in red).

Evapor. Nitrogen Stream (NS) Vacuum Evaporator (ES)

Derivat. MSTFA BSTFA MSTFA BSTFA

Dilut.F. 1 5 1 5 1 5 1 5

Lab 1 16.61 0.09 :17.37 0.32 |17.21 0.27 :17.66 0.41 |16.44 0.04 :16.86 0.17 |17.00 0.21 :16.76 0.13
Lab 2 - - - - - - - - 119.95 1.11 20.55 1.29 (19.26 0.90 :19.75 1.05
Lab 2* - - - - - - - - - - - - - - i17.41 0.33
Lab 3 21.74 1.66 22.08 1.77 [22.88 2.01 22.19 1.80|19.16 0.87 i19.37 0.94 |19.50 0.97 i{19.51 0.98
Lab 4 18.51 0.67 :18.96 0.81 28.01-20.44 1.26 (18.52 0.67 i18.62 0.70 30.84-20.13 1.17
Lab 5 - - - - - - - - |18.22/0.58 116.64/0.10 |15.61 -0.22:14.90 -0.44
Lab 7 15.01-0.40:14.71 -0.49|15.47 -0.26:15.98 -0.10|16.34 0.00 :14.78 -0.47|14.65 -0.51:16.35 0.01
Lab 8 14.05-0.70:14.55-0.54|13.33 -0.92:13.12 -0.98|16.28 -0.01:15.22 -0.34|14.58 -0.53:13.83 -0.76
Lab 9 17.15 0.25:16.35 0.01 |17.30 0.30 :16.65 0.10 |17.40 0.33 :16.90 0.18 |16.70 0.12 :16.95 0.19
Lab 10 14.98-0.41:15.57-0.23(15.57 -0.23:14.80-0.47(15.15-0.36:15.94-0.12(15.76-0.17:15.15 -0.36
Lab11 17.41/033: - - [18.20 0.58: - - |17.68 0.42;: - - [16.92 0.18: - -
Lab 13 17.21/0.27 17.61 0.40 |18.64 0.71 i18.49 0.66 (17.95 0.50i17.06 0.23 |18.48/0.66 {19.02 0.83
Lab 14 15.32-0.31:16.10-0.07|15.08-0.38:16.11 -0.06(14.28 -0.63i13.14 -0.97|15.13/-0.37:19.60 1.00
tab1s  2.50 RS 2.51 [HB 2.52 RS 2.0 R 2.50 [HIRE 222 S 2 oo R 2.c: R

* This laboratory submitted results for individual samples from both an GC-MS and an GC-MS/MS systems
"-" indicates that no value was submitted
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6.7.2 Determination of 1,3-DCP using 1,3-DCP-ds

All of the reported results for the determination of 1,3-DCP using the 1,3-DCP-ds internal
standard and MSTFA were acceptable. All except one laboratory reported acceptable results
for samples prepared using BSTFA.

For samples prepared using vacuum evaporator systems (ES) and BSTFA, two laboratories
did not report any results, and one laboratory did not report a result for the undiluted
sample. For samples prepared using ES and MSTFA, one laboratory did not report any
results, and one laboratory reported results for either diluted or undiluted samples.
Regarding samples prepared using a nitrogen stream evaporator (NS), four laboratories did
not report any results, and one laboratory did not report result for an undiluted sample
produced using MSTFA.

Table 8: z scores for the quantification of 1,3-DCP using 1,3-DCP-ds as the internal standard. The value of o,: was
set to 20 % of the corresponding x,: value of 2.26 pg/L. According to ISO 13528 [2], |z score| < 2.00 is acceptable
(highlighted in green), 2.00 < |z score| < 3.00 is questionable (highlighted in orange) and |z score| = 3.00 is
unacceptable (highlighted in red).

Evapor. Nitrogen Stream (NS) Vacuum Evaporator (ES)

Derivat. MSTFA BSTFA MSTFA BSTFA

Dilut. F. 1 5 1 5 1 5 1 5

labt - - - - [~ - - - 265087 271 1.00|2.56 0.66 2.20 -0.12
L S N A O T O
lab2* - - - - |- - - - | - - - |- - 190 ‘080
lab3 - - - - |- - - - 245041 234019 - - -
lab4 196 -0.67 2.30 0.08 [1.80 -1.03.2.96 [1.55 |1.84 -0.93/2.68 0.92 |1.89 -0.823.07 [1.79
lab5 - - - - |- - - - [299 1.62 2.52 0.56 [2.63 0.82 2.33 0.15
lab7 212 [0.32 2.25 -0.03|2.28 0.04 2.47 [0.46 |2.10 -0.37/2.22 -0.10{2.31 0.11 2.35 0.20
lab8 - - 233 014 (251 0.55 2.30 0.08 |- -  2.29 0.06 [2.41 0.32 2.44 0.40
labo 231 [0.11 2.17 -0.20{2.41 0.33 2.40 0.30 [2.42 [0.35 2.45 0.41 [2.42 0.35 {2.58 0.71
lab10 2.12 -0.312.13 -0.30(2.28 0.04 2.21 -0.12(2.11 -0.342.06 -0.442.31 0.10 2.37 0.24
labia - - - - |- - - - P2oFmEe- - |- - - -
lab13 2.64 0.83 2.67 0.91 |2.74 1.05 2.76 [1.11 |2.48 0.48 2.65 0.86 |2.65 0.86 2.74 [1.06
lab14 2.46 0.44 2.20 -0.14[2.61 0.76 2.31 0.11 |2.28 0.04 2.35 0.19 |2.42 0.35 2.16 -0.22
lab15 2.53 0.59 2.41 0.34 0.51 [l 0.50 [BI8EI2.33 0.27 2.29 0.06 |0.74 EISEI0.c2 [EIESl

* This laboratory submitted results for individual samples from both an GC-MS and an GC-MS/MS systems
"-" indicates that no value was submitted
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6.7.3 Determination of 1,3-DCP using CMP

All of the reported results for the determination of 1,3-DCP using the CMP internal standard
and nitrogen stream evaporator (NS) in the diluted solutions were acceptable, while the
results from one laboratory for undiluted solutions were questionable for both of the
derivatization agents. Regarding samples prepared using vacuum evaporator systems (ES),
three results were unacceptable for sample preparation methods using MSTFA (two for
undiluted solutions and one for diluted solutions). Additionally, there was one unacceptable
result (undiluted solution) and three questionable results (diluted solutions) for sample
preparation methods using BSTFA.

Seven laboratories did not report results for sample preparation methods using NS. Two
laboratories reported results only for MSTFA: one for a diluted solution and one for an
undiluted solution. Regarding samples prepared using vacuum evaporator systems (ES), five
laboratories did not report results, and one laboratory reported results for an undiluted
sample prepared using MSTFA.

Table 9: z scores for the quantification of 1,3-DCP using CMP as the internal standard. The value of o,: was set to
20 % of the corresponding x,: value of 2.26 pg/L. According to 1SO 13528 [2], |z score| < 2.00 is acceptable
(highlighted in green), 2.00 < |z score| < 3.00 is questionable (highlighted in orange) and |z score| = 3.00 is
unacceptable (highlighted in red).

Evapor. Nitrogen Stream (NS) Vacuum Evaporator (ES)

Derivat. MSTFA BSTFA MSTFA BSTFA

Dilut.F. 1 5 1 5 1 5 1 5

Lab1 - - - - - - - - 2.51 0.56 i2.68 0.93 |3.10 1.86 (1.19 -2.37
Lab2 - - - - - - - - 2.54 0.61 i2.09 -0.39|2.46 0.44 i2.38 0.25
Lab 2* - - - - - - - - - - - - - - - -
Lab3 - - - - - - - - - - - - - - - -

lab4 200 058- - |- - - - - -
labs5 - - - - |- - - - 500 [GH0SK>.44 08232 0.12 1.90 -0.81
lab7  2.02 -0.54:2.73 [1.03 [2.03 -0.52/3.16 [1.99 [2.52 0.58 2.53 0.60 (2.53 0.59 i3.45 2.62
lab8 - - 1183 09 - - - |- - 232043 ] - - -
lab9  3.34 2.39 2.21 -0.11(3.19 2.05 1.85 -0.91|4.11 [HSSN2.74 1.05 (3.90 ENEEN1.14 -2.49
lab10 1.72 -1.212.10 -0.37|1.81 -1.01:2.06 -0.44(1.79 -1.042.11 -0.33|1.86 -0.882.03 -0.52

Lab11 - - - - - - - - 241 0.33 - - - - - -
Lab13 - - - - - - - - - - - - - - - -
Lab14 2.40 0.31 :2.18 -0.18|2.00 |-0.59:i1.87 -0.87|2.87 1.35 i3.06 1.76 |1.92 -0.76i1.91 -0.79
Lab15 - - - - - - - - - - - - - - - -

* This laboratory submitted results for individual samples from both an GC-MS and an GC-MS/MS systems
"-' indicates that no value was submitted
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6.8 Limits of detection and quantification as well as used analytical techniques

Seven laboratories used GC-MS/MS and six used GC-MS to quantify chlorpropanols. One
laboratory also submitted GC-MS results for individual sample preparation combinations in
addition to GC-MS/MS results.

The limits of detection (LODs) and quantification (LOQs) for the determination of 3-MCPD
and 1,3-DCP submitted by the participants are shown in Table 10. Thirteen laboratories
submitted the required information, while two did not. The LOD values range from 0.2 to 10
pg/L, and the LOQ values range from 0.5 to 20 pg/L for the determination of 3-MCPD. For
the determination of 1,3-DCP, the LOD values range from 0.03 to 2 pug/L, and the LOQ values
range from 0.13 to 4 pg/L, when 1,3-DCP-ds is used as the IS. Slightly higher values were
reported for the determination of 1,3-DCP using CMP as the IS, resulting in LOD and LOQ
ranges of 0.05-2 pg/L and 0.5-4 pg/L, respectively.

Table 10: The limits of detection (LODs) and quantification (LOQs) for the determination of 3-MCPD and 1,3-DCP,
together with the m/z ratios used for quantification, which were submitted by the participants.

3-MCPD 1,3-DCP 1,3-DCP W
Lab 3-MCPD-ds 1,3-DCP-ds CMP Analytical
Code LOD LOQ m/z LOD LOQ m/z LOD LOQ m/z technique

[me/L]

labl 0.67 2 239 > 147 0.13 0.4 185>93 ND ND 185 >93 (1) |GC-MS/MS
lab2 0.2 1.2 119 ND ND ND 0.05 0.5 151 (3) |GC-MS
lab3 2 10 239 0.5 2 151 0.5 2 93 (1) |GC-MS
laba 1 2 239 ND ND ND 04 12 93 (3) |GC-MS
lab5 0.52 1.87 116 0.03 0.13 93 0.16 0.54 93 (1) |GC-MS
lab6 - - - - - - - - - - -
lab7 037 1.11 101>59 ND ND 185>93 0.27 0.92 185>93 (1) |GC-MS/MS
lab8 071 2 116(119) 032 1 93(93) |ND ND 93(89)  [©2)|GC-MS
Lab9 0.564 2.05 239.0>73.1 |0.069 0.254 185.0>93.0 |0.388 1.604 185.0>93.0 (1) |GC-MS/MS
Lab 10 10 20 116>101@5 |2 4 185>93@5 |2 4 183>93@5 |(5) |GC-MS/MS
Lab11 ND 2 239 ND 2 185 ND ND 185 (4) |GC-MS
Lab 12 - - - - - - - - - - -
Lab 13 ND 2 116>59 ND 0.4 185>93 ND ND ND (3) |IGC-MS/MS
Lab14 1.25 4.17 101>59 0.21 0.69 93>65 0.16 0.53 93>65 (4) |GC-MS/MS
Lab 15 ND 0.5 116 > 59 ND 0.5 185>93 ND ND ND (6) |GC-MS/MS

ND: indicates that no LOD or LOQ value has been determined in the lab
"-" indicates that no value was submitted
** Method of LOD/LOQ determination:
(1): DIN 32645 (calibration method)

(2): DIN 32645 (blank value method)

(3): Signal-to-noise Ratio (S/N)

(4): Standard Deviation of the Response (o) and Slope (S) of the Calibration Curve [e.g. LOD=30/S]

(5): Lowest calibration level

(6): Reproducibility and repeatability on the LOQ below limits from standard BVL B 80.56-2

BfR | Method evaluation study | Science Report issued 13 July 2026

17 /58



6.9 Acidity of the analyzed solution

Pursuant to the evaluated method herein, it is imperative that the pH value of the CWE is
ascertained prior to analysis. Thirteen laboratories submitted the pH values, while two did
not (see Table 11). Most of the submitted pH values (7 out of 13) were determined using a
pH meter. Six laboratories used pH indicator paper to determine the pH value of the test
solution. The pH range of 5-7.5 was determined using indicator paper. The following pH
values were reported: two laboratories reported the correct value of 6, two reported too
low values of 5, and one reported too high value of 7.5. The much narrower range was
determined using a pH meter. All received results, except one (6.98), were within the range
of 5.93-6.11, which is very close to the consensus value of 6 determined by expert
laboratories.

However, results obtained using indicator paper should be analyzed critically. For instance,
consider whether the indicator paper's range is appropriate and whether the pH value
resolution is acceptable (at least 0.5 pH steps). In any case, if the pH analysis using indicator
paper results in a value greater than 7.5, it is necessary to determine the pH using a pH
meter to ensure that the solution does not require acidification (see method).

Table 11: The pH values of the test solution submitted by the laboratories. pH=6 is a consensus value determined
by expert laboratories.

Lab Code pH Method Result
Lab 1 5 pH indicator paper (MQuant Strips) Not OK
Lab 2 5 pH indicator paper Not OK
Lab 3 5,95 pH meter OK

Lab 4 5,93 pH meter OK

Lab 5 <6 pH indicator paper (6.0 - 8.1) OK

Lab 6 - - -

Lab 7 6 pH meter OK

Lab 8 6 pH meter OK

Lab 9 6.01 pH meter OK

Lab 10 6 test strip OK

Lab 11 7.5 pH indicator paper Not OK
Lab 12 - - -

Lab 13 6.98 pH meter Not OK
Lab 14 6.11 pH meter OK

Lab 15 6 pH Indicator Paper OK

6.9.1 Sample preparation and analysis

Thirteen laboratories provided the necessary information. Of these, eleven used non-
activated MSTFA for derivatisation, while two used activated MSTFA. Seven laboratories
subtracted the blank values, while six did not. Of the thirteen laboratories, only one used
weighting by calibration (1/x), while the others used non-weighted calibration.

The majority of the reported issues were associated with the utilisation of the CMP as an
internal standard or the low sensitivity of the method for the analysis of diluted samples.
Inquiries were made regarding the method and/or suggestions for improvement were
requested, and most laboratories provided them. The following problems, suggestions, and
comments were reported:
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— Problems arise when evaluating results using CMP as the IS. These problems are mainly
related to significant CMP losses, which result in a low peak area, poor linearity of the
calibration, and inconsistent results when different ions are used for quantification.
Additionally, the loss of CMP in the autosampler was observed when samples were left
at room temperature for more than six hours.

— Dilution of the samples results in a low peak area. In some laboratories, this leads to
poor linearity of the calibration and poor peak shape.

— In some laboratories, high blank values for 1,3-DCP are observed, particularly in samples
prepared using evaporator systems with a nitrogen stream, or when BSTFA is used for
derivatisation.

— The proper choice of ion used for the quantification of 1,3-DCP is especially important
when using 1,3-DCP-ds as an IS. The ion with an m/z of 93 is highly abundant in the
spectra of both 1,3-DCP and 1,3-DCP-ds. Therefore, if these substances are not well-
separated by chromatography, reliable quantification using m/z=93 is not possible, and
other ion should be used for quantification.

— When using BSTFA for derivatization, one laboratory reported poor linearity, while
another reported a double peak for MCPD-ds.

— Long time for the solvent removal using a nitrogen stream (5h) and hard conditions
when a vacuum evaporator is applied. Therefore, it was proposed to use a combination
of these two systems to reduce the time required for solvent removal.

— Other proposals included reducing the elution volume to 20 mL, increasing the amount
of ethanol used for quenching to 500 pL, and using LLE extraction instead of LLE
extraction with diatomaceous earth to reduce costs.

The complete list of problems, suggestions, and comments reported by participants can be
found in Annex (see Table A 3).
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7 Conclusions

The primary aim of this MES was to assess and evaluate the performance criteria for a new
method for the ASU for the determination of the chloropropanols 3-MCPD and 1,3-DCP in
cold water extracts of paper, board and fibre by means of DIN EN 645 using GC-MS(/MS)
systems.

In total, 13 laboratories submitted results. One laboratory submitted results for individual
samples from both an MS and an MS/MS mass-analyzer. After removing the outliers, eight
to twelve results were available for the evaluation of 3-MCPD for each preparation method.
Seven to eleven results were available for the evaluation of 1,3-DCP with the 1,3-DCP-ds
internal standard, and only four to eight were available with CMP.

The statistical evaluation of the data submitted by the participating laboratories was
performed in terms of relative repeatability (s;) and relative reproducibility (sg) standard
deviations.

The use of the provided method led to comparable and reproducible results for both
analytes and for all sample preparation methods when their respective deuterated
analogues were used as internal standards. The calculated sg values were of 8.0-16.4%, and
the calculated s, values were of 2.3-8.0%. Much higher values were obtained for all sample
preparation methods (20.1-40.4% and 3.5-20.3%, respectively), except for diluted samples
prepared using MSTFA (8.5-15.7% and 0.9-9.5%, respectively), when CMP was used for 1,3-
DCP quantification. For both analytes, sample dilution prior to analysis did not significantly
improve reproducibility between laboratories when their respective deuterated analogues
were used for quantification. However, due to dilution, the limits of detection and
guantification may be reduced. Therefore, the dilution step and the use of CMP for the
quantification of 1,3-DCP do not improve the method and will be removed from the method
procedure.

Combining all reported values for undiluted solutions that were quantified using their
respective deuterated analogues results in a much larger dataset. This reduces the
uncertainty in the statistical estimation, resulting in sk and s, values of 12.3% and 4.0% for 3-
MCPD, and 11.9% and 6.3% for 1,3 DCP. Because these parameters were estimated using a
combined dataset that included data for both derivatization reagents (MSTFA or BSTFA) and
all applied evaporator systems (NS or ES), they can be applied to the method regardless of
which of these conditions is used.

The majority of the submitted results of the labs were acceptable in terms of z scores. A
particularly good performance was achieved in the determination of 1,3-DCP using
1,3-DCP-ds in samples prepared using MSTFA with acceptable z scores for all laboratories.

The performance demonstrated in the determination of 3-MCPD and 1,3-DCP in undiluted
solutions at concentrations close to those in the current BfR recommendation [3] was found
to be highly satisfactory. The same can be said of the performance in 1:5 diluted solutions at
much lower concentrations.

In general, the results of this method evaluation study demonstrated a high interlaboratory
reproducibility and repeatability for the determination of both 3-MCPD and 1,3-DCP when
using their deuterated analogues as internal standards. Finally, it can be concluded from the
assessed and statistically evaluated dataset that this method for the determination of
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chloropropanols (3-MCPD and 1,3-DCP) in cold water extracts of paper, board, and fibre
according to DIN EN 645 using GC-MS(/MS) can clearly be recommended.
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11 Annex

11.1 Invitation letter
Dear colleagues,

together with TUV Rheinland and the Federal Office of Consumer Protection and Food Safety
(BVL) we will organize a method evaluation study (MES) of a §64 method (LFGB) for the
analysis of chloropropanols. On behalf of the organizers, we would like to invite you to
participate in this MES! Start will not be before the end of Q3 this year. A draft of the method
is attached as a pdf.

The scope of the MES is to investigate the influence of different parameters on the
guantification of chloropropanols. In detail, we will focus on the choice of internal standard
for 1,3-DCP (CMP/DCP-ds), the derivatization reagents (MSTFA/BSTFA) and the method for
solvent removal of the eluate (vacuum evaporation/nitrogen stream). Please find below the
registration form for participation in the MES as well as some additional questions regarding
your laboratory equipment, for which we need some information for the preparation of the
final study design. If you have time and the possibility to help us with our method you can
register for a participation under the following link:

https://akademie.bfr.berlin/277614?lang=en

Deadline for the registration is the 22nd of august 2025, as we can only offer a limited number
of participations (about 20) registration might be closed earlier if this number has been
reached. Registration/Participation is free of costs and open for all NRL/OCL.

Yours sincerely,

NRL-FCM-DE Team
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11.2 Registration form

The registration process was completed online (https://akademie.bfr.berlin/277614?lang=en)

Registration Form
for a method evaluation study on the determination of
1,3-dichloro-2-propanol (1,3-DCP) and 3-monochloro-1,2-propanediol (3-MCPD)

using GC-MS(/MS)

Dear colleagues,

together with TUV Rheinland and the Federal Office of Consumer Protection and Food Safety
(BVL) we will organize a method evaluation study (MES) for the analysis of chloropropanols.
On behalf of the organizers, we would like to invite you to participate in this MES! Start will
be at the end of Q3 this year.

The scope of the MES is to investigate the influence of different parameters on the
guantification of chloropropanols. In detail, we will focus on the choice of internal standard
for 1,3-DCP (CMP/DCP-ds), the derivatization reagents (MSTFA/BSTFA) and the method for
solvent removal of the eluate (vacuum evaporation/nitrogen stream). Please find below the
registration form for participation in the MES as well as some additional questions regarding
your laboratory equipment, for which we need some information for the preparation of the
final study design.

Deadline for the registration is the 22th of august 2025, as we can only offer a limited number
of participations (about 20) registration might be closed earlier if this number has been
reached. Registration/Participation is free of costs.

Yours sincerely,

NRL-FCM Team
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There are 4 questions in this survey.

1) Name of the institution:

2) Name and contact details of the contact person
- Title:

- First name:

- Surname:

- E-mail address:

- Telephone number:

3) If you already have an established method for chloropropanol analysis in your laboratory,
does it allow sufficient chromatographic separation of 1,3-DCP and 1,3-DCP-ds and thus
individual integration of the two peaks?

Choose one of the following answers:
0 Yes

0 No

0 Unknown

4) Which of the following equipment for solvent removal is available in your laboratory?
Please specify all available options (multiple selections possible).

Comment only when you choose an answer.

- Vacuum evaporator (e.g. rotary evaporator, SynchorePlus (Bichi) etc.):

- Evaporators using nitrogen stream (e.g. Turbovap or devices with manual settings):

- Other devices (please specify):

Thank you very much for your participation!
We will evaluate all feedback received and then contact you again with more detailed
instructions on the MES procedure.
NRL-FCM Team

Print your answers.
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11.3 Accompanying letter to participants
Dear [Participants' Name and Surname],

The samples for our method evaluation study have been dispatched with UPS, your tracking
number is:

[Tracking Number]

In the package you will find two headspace vials, one with the sample and one with a blank
solution. Please check the vials and if there are any problems, please contact us immediately.

To submit your results and to answer some questions please use the following link:

https://akademie.bfr.berlin/775199?lang=en

For the submission you need your lab code and a token, these can be found in the attached
pdf including the instructions. The submission can be saved and resumed at any time. When
saving the submission, you will be asked for a username and password (please choose your
own). To resume your submission later, you will need to login again with your token and select
"Load unfinished survey" in the lower left corner. In the next step, you will be asked for your
username and password.

After successfully submitting your results, use the 'Print your answers' button and select
'queXML PDF export'. Check the resulting PDF for the correctness of the results (long
sentences are not completely readable in the PDF, but are readable in the submitted form).
Please send this PDF digitally signed to NRL-FCM@bfr.bund.de or alternatively the PDF with
the statement in the e-mail whether all data are correct.

Please contact us if you have any further questions.
Yours sincerely,

NRL-FCM-DE Team
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11.4 Instructions

Instructions

Thank you, for participating in our method evaluation study (MES) for the quantification of
chlorpropanoles in cold water extracts from paper, cardboard or fiber casting. In this MES only
the analytical part is evaluated, the extraction procedure will be part of another study.

You should have received a headspace vial with about 60 mL of sample, and another one with
a blank solution. Please check, if everything is well sealed, if not please send us an email to
nrl-fcm@bfr.bund.de. Please keep the sample in the refrigerator. It is a spiked cold-water
extract and NaCl has been added already, so please start the sample preparation with the
pH-measurement step of the method draft.

Please use all three internal standards (CMP, DCP-ds and MCPD-ds) for sample preparation
but make sure that you can chromatographically separate DCP and DCP-ds or use a unique
qguantifier for DCP. Prepare each sample as close as possible to the draft that we sent to you,
of course calibration and the methods described for the chromatography are just suggestions
and should be adjusted for the systems you use. If you do not have the draft please contact
us immediately.

We ask you to do four liquid-liquid extractions with each (if available) of the evaporation
technigues mentioned in the method draft (7.2.3) i.e. four with evaporation under a nitrogen
stream (e.g. Turbovap or comparable) and four with an vacuum evaporator (like the Biichi
system). For each of the techniques perform two derivatizations using MSTFA (preferably non-
activated) and two with BSTFA. Overall, you should now have 8 samples with 500 puL each,
four MSTFA derivatized and four BSTFA derivatized. Each of these samples should now be
divided in 100 pL and 400 pL portions. The 400 uL samples can be directly measured while the
100 pL ones have to be diluted 1:5 with ethylacetate for the measurement.

2x MSTFA 2x BSTFA 2x MSTFA 2x BSTFA

1:5 dilution direct 1:5 dilution direct 1:5 dilution direct 1:5 dilution direct
2% (100 pL + 400 measurem. 2% (100 pL + 400 measurem. 2% (100 pL + 400 measurem. 2% (100 pL + 400 measurem.

uL EtAc) 2x 400 plL uL EtAc) 2x 400 L uL EtAc) 2x 400 plL uL EtAc) 2x 400 L

4x

4x nitrogen .
evaporation

system

stream
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In the end we need 16(+8) results from you: 8 for 3-MCPD and 8 for 1,3-DCP with DCP-ds as
ISTD (+8 with CMP as ISTD), report of these will be done online. Please fill out the results
page very thoroughly. You should check the page before to make sure that you have all the
information we need for a proper evaluation of the method. A link, an individual lab code,
and a personalized token will be sent with a separate email. Please keep in mind that the
submission of results is finalzed only when you sent us a signed pdf of your questionnaire.
The preparation of the pdf is described in the questionnaire after digital submission.

Deadline for the submission of results will be the 7*" of November, 1 p.m.

Dear [Participants' Name and Surname],

You can find the questionnaire here:

https://akademie.bfr.berlin/775199?lang=en

Your Lab-Code is: Lab-[Number]

Your Token is: [Token]

Best regards from Berlin,

NRL-FCM-DE
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11.5 Questionnaire and Results

The process was completed online (https://akademie.bfr.berlin/775199?lang=en)

NRL-FCM-DE-01/2025 (MES-Chloropropanols) Questionnaire and Results

Please answer the questions of the questionnaire and present your results.
There are 21 questions in this survey.

e General
1) Lab Code:

2) Please identify yourself. You are ....

Please choose only one of the following:

0 National Reference Laboratory (NRL)
0 Official Control Laboratory (OCL)

O Private laboratory

3) Which analytical technique was used for analysis?

Please choose only one of the following:
0 GC-MS (quadrupole)
0 GC-MS/MS (triple quadrupole)

Please provide the pH value for the analyzed solution, as well as the method used to
determine the pH (pH meter, pH indicator paper, etc.)
Please use a dot as the decimal separator.

4) pH of the solution:

5) Determination method:

e Limits of detection and quantification
Please use a dot as the decimal separator, and report LOD and LOQ values with two digits after the dot.
If no LOD or LOQ value is determined, please use 'ND'.

6) Limits of detection and quantification *
LOD LoQ Mass or Reaction
[pg/L] [ug/L] [m/z or m/z>m/z]

3-MCPD (MCPD-ds)
1,3-DCP (DCP-ds)
1,3-DCP (CMP)

7) Please provide the information about the method of LOD/LOQ determination. *

Please choose only one of the following:

0 Signal-to-noise Ratio (S/N)

0 Standard Deviation of the Response (o) and Slope (S) of the Calibration Curve
[e.g. LOD=30/S]

0 DIN 32645 (blank value method)

0 DIN 32645 (calibration method)

0 Other

e Experimental procedure
8) Was the MSTFA used activated or non-activated? *

Please choose only one of the following:
O activated
O non-activated
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9) Did you subtract process blank values? *

Please choose only one of the following:
0 yes
O no

10) Did you apply any special treatment to the provided solutions? *

Please choose only one of the following:
0 yes
O no

If yes, please specify.

11) Was the calibration line weighted? If yes, which weighting factor was used? (e.g. 1/x)
*

Please choose only one of the following:
O yes
O no

If yes, please provide the weighting factor.

12) Other deviation from the suggested method? *

Please choose only one of the following:
0 yes
O no

If yes, please specify.

e Results
Please use a dot as the decimal separator and report results with two digits after the dot.
The workout steps can be found in the instructions (see the workout tree).
The following abbreviations are used:
- For methods of solvent removal from the sample: using a nitrogen stream (Nitrogen stream) or a
vacuum evaporator (Evaporation system).
- Compound used in derivatization step: MSTFA or BSTFA.

- Analysis of the sample after derivatization: without dilution (direct measurement) or after 1:5
dilution with ethyl acetate (1:5 dilution).

13) Nitrogen stream / MSTFA / direct measurement

Concentration | [ug/L] Concentration Il [ug/L]

3-MCPD (MCPD-ds)
1,3-DCP (1,3-DCP-ds)
1,3-DCP (CMP)

14) Nitrogen stream / MSTFA / 1:5 dilution

Concentration | [ug/L] Concentration Il [ug/L]

3-MCPD (MCPD-ds)
1,3-DCP (1,3-DCP-ds)
1,3-DCP (CMP)

15) Nitrogen stream / BSTFA / direct measurement

Concentration | [ug/L] Concentration Il [ug/L]

3-MCPD (MCPD-ds)
1,3-DCP (1,3-DCP-ds)
1,3-DCP (CMP)
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16) Nitrogen stream / BSTFA / 1:5 dilution

3-MCPD (MCPD-ds)
1,3-DCP (1,3-DCP-ds)
1,3-DCP (CMP)

Concentration | [ug/L]

Concentration Il [ug/L]

17) Evaporation system / MSTFA / direct measurement

3-MCPD (MCPD-ds)
1,3-DCP (1,3-DCP-ds)
1,3-DCP (CMP)

Concentration | [ug/L]

Concentration Il [ug/L]

18) Evaporation system / MSTFA / 1:5 dilution

3-MCPD (MCPD-ds)
1,3-DCP (1,3-DCP-ds)
1,3-DCP (CMP)

Concentration | [ug/L]

Concentration Il [pg/L]

19) Evaporation system / BSTFA / direct measurement

3-MCPD (MCPD-ds)
1,3-DCP (1,3-DCP-ds)
1,3-DCP (CMP)

Concentration | [ug/L]

Concentration Il [pg/L]

20) Evaporation system / BSTFA / 1:5 dilution

3-MCPD (MCPD-ds)
1,3-DCP (1,3-DCP-ds)
1,3-DCP (CMP)

Concentration | [ug/L]

Concentration Il [ug/L]

21) Do you have any comments or suggestions regarding the method?

Please use the 'Print your answers' button and select 'queXML PDF export'. Check the
resulting PDF for correctness.

If everything is ok please send this PDF digitally signed (if possible) or, alternatively, the

Thank you for submitting the results.

PDF with a confirmation in the e-mail text whether all data is correct to:

NRL-FCM@bfr.bund.de

Yours sincerely,
NRL-FCM-DE Team

Please contact us if you have any further questions.
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11.6 Results reported by the participating laboratories

Table A 1: Results reported by the participating laboratories

A(T:T“I’;f labl Llab2 Llab2* Lab3 Lab4 Lab5 Llab7 Lab8 Lab9 Lab10 Lab1l Lab13 Lab14 Lab15
Nitrogen stream / MSTFA / direct measurement
3-MCPD 16.6902 - - 20.253 18.11 n.d. 15.26 14.00 18.3 15.00 17.20 17.35 15.21 2.456
(MCPD-ds) [16.5342 - - 23.22 18091 n.d. 1475 1410 16.0 1496 17.61 17.07 15.43 2.553
1,3-DCP ND - - - 2.22 n.d. 2.07 ND 2.30 2.16 ND 2.63 2.56 2.653
(1,3-DCP-ds) ND - - - 1.69 n.d. 2.16 ND 2.32 2.08 ND 2.64 2.36 2404
1,3-DCP ND - - - 2.00 n.d. 1.94 ND 3.28 1.73 ND - 2.46 n.a.
(CMP) ND - - - - n.d. 2.09 ND 3.40 1.70 ND - 2.34 n.a.
Nitrogen stream / MSTFA / 1:5 dilution
3-MCPD 17.9049 - - 20.556 18.79 n.d. 1453 1444 16.3 15.55 ND 18.00 15.90 2.661
(MCPD-ds) [16.8382 - - 23.61 19.13 n.d. 1489 1466 164 15.59 ND 17.22 16.29 2.361
1,3-DCP ND - - - 2.21 n.d. 2.22 2.37 2.26 2.08 ND 2.71 2.14 2326
(1,3-DCP-ds) ND - - - 2.38 n.d. 2.27 2.28 2.08 2.17 ND 2.63 2.25 2499
1,3-DCP ND - - - - n.d. 2.33 1.85 2.21 2.10 ND - 2.17 n.a.
(CMP) ND - - - - n.d. 3.12 1.80 2.21 2.09 ND - 2.19 n.a.
Nitrogen stream / BSTFA / direct measurement
3-MCPD 17.1246 - - 21.845 29.06 n.d. 15.26 13.81 174 15.61 18.28 19.23 16.08 2.363
(MCPD-ds) (17.2946 - - 23910 26.96 n.d. 15.67 12.85 17.2 15,53 18.12 18.05 14.08 2.672
1,3-DCP ND - - - 1.82 n.d. 2.34 2.46 2.43 2.28 ND 2.63 2.51 0.604
(1,3-DCP-ds) ND - - - 1.77 n.d. 2.22 2.56 2.39 2.28 ND 2.84 2.70 0417
1,3-DCP ND - - - - n.d. 2.04 ND 3.04 1.70 ND - 1.92 n.a.
(CMP) ND - - - - n.d. 2.01 ND 3.33 1.91 ND - 2.07 n.a.
Nitrogen stream / BSTFA / 1:5 dilution
3-MCPD 17.1750 - - 20.610 20.49 n.d. 15.95 13.02 17.2 14.60 ND 18.54 15.78 2.738
(MCPD-ds) [18.1363 - - 23.760 20.38 n.d. 16.01 1321 16.1 14.99 ND 18.44 16.44 2.624
1,3-DCP ND - - - 3.09 n.d. 2.48 2.20 2.47 2.23 ND 2.66 243 0474
(1,3-DCP-ds) ND - - - 2.83 n.d. 2.46 2.39 2.32 2.18 ND 2.86 2.19 0.530
1,3-DCP ND - - - - n.d. 3.49 ND 1.49 2.04 ND - 1.45 n.a.
(cmP) ND - - - - nd. 28 ND 221 208 ND - 228 na.
Evaporation system / MSTFA / direct measurement
3-MCPD 16.4877 20.74 - 19.104 18.34 18.05 1580 16.31 170 15.14 1765 17.88 1455 2.521
(MCPD-ds) [16.3851 19.16 - 19.22 18.69 18.39 16.87 16.25 17.8 15.15 17.70 18.02 14.00 2.474
1,3-DCP 2.6069 ND - 2351 2.18 2.93 2.10 ND 2.57 2.10 2.32 2.45 2.12 2435
(1,3-DCP-ds) | 2.6953 ND - 2.543 1.5 3.05 2.09 ND 2.27 2.11 2.11 2.50 2.44 2325
1,3-DCP 2.5581 2.60 - - - 4.92 1.92 ND 3.81 1.76 2.40 - 2.32 n.a.
(CMP) 2.4654 2.47 - - - 5.07 3.12 ND 4.41 1.82 2.42 - 3.42 n.a.
Evaporation system / MSTFA / 1:5 dilution
3-MCPD 17.1960 21.20 - 19.030 18.55 16.26 14.82 1532 16.5 15.80 ND 16.95 12.84 2291
(MCPD-ds) [16.5213 19.89 - 19.714 18.68 17.02 14.73 15.12 17.3 16.08 ND 17.17 13.44 2.144
1,3-DCP 2.6230 ND - 2.25 2.52 2.22 2.13 2.26 2.44 2.06 ND 2.70 247 2238
(1,3-DCP-ds) | 2.7977 ND A- 2.439 2.83 2.81 2.30 2.31 2.45 2.06 ND 2.60 2.22 2.336
1,3-DCP 2.5813 2.10 - - - 5.22 2.13 2.16 2.72 2.12 ND - 3.00 n.a.
(CMP) 2.7829 2.07 - - - 5.66 2.93 2.48 2.75 2.10 ND - 3.11 n.a.
Evaporation system / BSTFA / direct measurement
3-MCPD 17.2708 18.99 - 19.41 30.84 1553 1530 1462 163 1579 1745 17.49 15.09 2.619
(MCPD-ds) [16.7220 19.53 - 19.59 - 15.68 13.99 1454 17.1 15.72 16.39 19.46 15.16 2.560
1,3-DCP 2.5193 ND - - 1.89 2.70 2.33 2.38 2.27 2.34 ND 2.73 2.48 0.596
(1,3-DCP-ds) | 2.5952 ND - - - 2.56 2.29 2.43 2.57 2.27 ND 2.57 2.36 0.890
1,3-DCP 3.1728 241 - - - 2.56 2.34 ND 3.06 1.79 ND - 1.87 n.a.
(CMP) 3.0325 2.51 - - - 2.07 2.71 ND 4.74 1.93 ND - 1.96 n.a.
Evaporation system / BSTFA / 1:5 dilution
3-MCPD 16.8141 19.46 17.77 19.040 204 1485 16.58 13.74 173 15.05 ND 17.49 20.07 2.774
(MCPD-ds) |16.7021 20.04 17.05 19.972 19.86 14.95 16.12 1391 16.6 15.24 ND 20.54 19.12 2.582
1,3-DCP 2.1485 ND 1.88 - 2.94 2.16 2.44 2.41 2.62 2.41 ND 2.79 1.71 0.517
(1,3-DCP-ds) | 2.2613 ND 1.92 - 3.2 2.50 2.26 2.47 2.54 2.33 ND 2.69 2.61 0.719
1,3-DCP 1.3314 2.46 - - - 1.64 3.54 ND 0.76 2.10 ND - 1.71 n.a.
(CMP) 1.0419 2.29 - - - 2.15 3.35 ND 1.51 1.95 ND - 2.10 n.a.
"-"indicates that no value was submitted
* This laboratory submitted results for individual samples from both an GC-MS and an GC-MS/MS systems
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11.7 Additional information extracted from the questionnaire

Additional information extracted from the questionnaire is presented in Table A 2 and Table

A3.

Table A 2: Additional information regarding the method extracted from the questionnaire. The complete

wording of the questions can be found by referring to the number in brackets in Chapter 11.5.

Lab MSTFA Blancks Weighting |Deviations from the suggested method? [12]

Code |used (8) subtracted? (9) |factor? (11)

Lab1 |non-activated |no no - no -

Lab2 |activated yes no - yes  Only one evaporation technique was used. Evaporation under
nitrogen stream was practically impossible due to the high volume of
extraction agent.

Lab3 |activated yes no - no -

Lab4 |non-activated |no no - yes Samples were evaporated to 300 pl instead of 450 pL. After
evaporation 150 pL ethylacetate was added.

Lab5 |non-activated |no no - no -

Lab7 |non-activated |no no - no -

Lab 8 |non-activated |yes yes 1/x |no -

Lab9 |non-activated |yes no - no -

Lab 10 |non-activated |no no - no -

Lab 11 |non-activated |yes no - no -

Lab 13 |non-activated |no no - no -

Lab 14 |non-activated |yes no - no -

Lab 15 |non-activated |yes no - yes CMP was not used as a standard. Instead, deuterated MCPD and DCP
were used

"-" indicates that no information was submitted

Table A 3: Problems with the analysis, as well as suggestions and comments regarding the method reported by

participants.

Lab [Did you encounter any problems with the analysis? Do you have any comments or suggestions regarding the

Code method?

Lab 1 [yes |The blind value of the analysis of 1,3-DCP using nitrogen  |Reduction of the elution volume of ethyl acetate to 20
evaporation is too high. It is not possible to evaluate these |mL. It is not necessary to use such a large volume of ethyl
results. Therefore 'ND' was entered in the corresponding |acetate for the elution.
fields of the result table.

Lab 2 [yes |Tests were made using ISTD DCP-d5. It turnes out that We have measured the samples by using GC-MS and GC-
DCP-d5 has a lot of not deuterated DCP, which made MS/MS. Calibration curves with MSTFA looked bad with
quantification impossible. The 1:5 dilution with MSTFA both analytical methods when measuring 1:5 dilution.
was not evaluable, because of bad peak shapes and not Results with BSTFA in 1:5 dilution with GC-MS/MS in
linear calibration curves. ug/L:

Values with MSTFA in 1:5 dilution are only semi-quantitive,|1,3-DCP (1,3-DCP-d5): I: 1.88 and Il: 1.92 and 3-MCPD

because the calibration curve was not linear and only the |(MCPD-d5): I: 17.77 and Il: 17.05

last calibration point had more than 1000 counts. Results with MSTFA 1:5 dilution with GC-MS/MS were
not evaluable due to bad calibration curves.

Lab 3 [yes |We had significant blank value problems with the We had significant blank value and derivatisaion
Turbovap processing. Therefore, we cannot report any problems with the Turbovap/BSTFA processing fot DCP.
DCP values for it. We also experienced some DCP issues Therefore, we cannot report any DCP values for it.
with BSTFA, so only a few values are available here as well.

We routinely work with the Evaporator and MSTFA.

Lab 4 |yes |- low recovery rates using evaporator - solvent removal using a nitrogen stream takes 5 hours,
- double peak for MCPD-d5 using BSTFA which is too long
- sensitivity of mass spectrometer too low for cal. 1 and - solvent removal using a vacuum evaporater is too hard
cal. 2 using 1:5 dilution (loss of analytes and internal standards)

-> using a combined version (first vac evaporator then
nitrogen steam might be the best option)
- peak areas/signals after a 1:5 dilution are too small
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Lab

Did you encounter any problems with the analysis?

Do you have any comments or suggestions regarding the

Code method?
when using our single quad mass spectrometer
(sensitivity is too low)

Lab 5 [yes |When calculating the DCP results using the internal When measuring the samples and calibration, we noticed
standard CMP, we obtained widely differing results that the DCP values in particular varied significantly when
depending on which ion was used for the calculation (GC- |left in the device for a longer period of time (> 6 h to
MS). approx. 10 h at 23 °C room temperature). If the silylated
MSTFA derivatized: lon 181 approx. 5 ug/l, lon 89 approx. |sample is measured within approx. 6 h immediately after
0.5 pg/l removal from the freezer, the values remain stable.
BSTFA derivatized lon 181 approx. 2.3 ug/l, lon 89 approx. |We suspect that the amount of ethanol used for
2.0 quenching (5 pl to a total volume of 500 pl) is insufficient.
Depending on the derivatization reagent, different ions We were unable to carry out the evaporation under a
had to be used for the calculation of DCP and MCPD nitrogen stream because we do not have the necessary
results. equipment.

Lab7|no |- pH of Blank solution: 6.66

Lab 8 [yes |An evaluation for 1,3-DCP via 3-CMP was only possible -
with MSTFA and dilution, as 3-CMP was masked by the
matrix in all other sample solutions. With MSTFA without
dilution, no evaluation for 1,3-DCP was possible, as 1,3-

DCP and d5-DCP eluted from the column in a mountain
and m/z 93 is used for the quantification of both
substances.

Lab9|no |- We have tested and validated the method with 2.5ml

instead of 5ml extract.

We used smaller columns for the extraction (EXtrelut NT
3) and only used 25ml instead of 80ml Ethylacetate for
elution. To evaporate the 25ml Ethylacetate we only used
a nitrogen stream.

We tested this also for high concentrated samples. We
can provide data for this purpose.

Lab |yes [some 1/5 dilutions: loss of area across all compounds incl. |-

10 ISTD;

CMP can not compensate the loss of area and therefore
leads to 5-6 times higher concentration when

calculation 1,3-DCP; in contrast, 1,3-DCP-d5 & 3-MCPD-d5
will give roughly the same final

concentraton of their corresponding non labeled
compounds;

Lab |yes |Significant losses of CMP; the solvent ethyl acetate hasa |1:5 diluton was not performed due of GC-MS

11 boiling point 5 °C higher than CMP. Internal measurement.
investigations with 25 mL of tert-butyl methyl ether/ethyl |according due blank values in BSTFA no valid
acetate (50/50 v/v) resulted in complete elution of concentrations for DCP was estimated.
the analytes. This solvent mixture has a lower boiling with nitrogen evaporation high losses of DCP was
point, resulting to lower losses of analyte and internal observed.
standard during concentration step. Unclear dimensions of
the column to be used for liquid-liquid extraction
with silica. Blank values of DCP in the used BSTFA; it was
not tested previously to ensure it was free of
DCP. We always use MSTFA for derivatization and we dont
had any problems with blank values. Is
guenching with ethanol really necessary? We dont
perform this additional step. This additional step poses a
risk of introducing water. This also increases the
probability of damaging the unstable trimethylsilyl ether
derivatives. No information is provided regarding the
purity of the ethanol to be used.

Lab |yes |Very long elution and evaporation times due to high -

13 volume of solvent used

Lab |yes |Linearity of 1,3 DCP/CMP calibration was not good and -

14 one or more calibration point were excluded to have a
proper fit.

Lab |yes |e The derivatization needed to be done by hand. In our - We're not sure whether the used MSTFA (Article No.

15 routine workflow this is done automatically. 701270.110) was activated or non-activated

® The lab uses MSTFA in routine analysis. Regarding the
BSTFA derivatization, the R? in the calibration curve was
not good enough for quantification. BSTFA-derivatized
samples were therefore quantified via the MSTFA
calibration curve.

- In our routine analysis workflows we prefer a LLE
instead of the expensive Extrelut columns

- In our routine analysis workflows we prefer the
deuterated standards instead of CMP
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Lab [Did you encounter any problems with the analysis? Do you have any comments or suggestions regarding the
Code method?

¢ Extrelut columns are extremely expensive and not used
in our routine workflow

"-" indicates that no information was submitted
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11.8 Submitted results for the determination of 3-MCPD using 3-MCPD-ds
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S/v41s49/s3] ST qel
T/v4159/$3] ST qel
G/V4LSIN/S3] ST qel
T/V41SIN/S3] ST qeT
G/v41S9/SN] ST qeq
T/v41S9/SN] ST qeq
S/V4LSIN/SN] ST el
T/V4L1SN/SN] ST gel
S/v4159/s3] vT qel
1/v4159/53] ¥T qe
S/V4LSIN/S3] ¥T qel
T/V4LSIN/S3] ¥T el
G/v41S9/SN] ¥T gel
T/v4159/SN] ¥T gel
S/V4LSN/SN] ¥T gel
T/V41SIN/SN] #T gel
S/v4159/53] €T qe
T/V4L1SIN/SN] €T gel
1/v4159/S3] €1 qe1
S/V41SIN/S3] €T qel
T/V4LSIN/S3] €T e
G/v4159/SN] €T geq
T/v4159/SN] €T gel
S/V4LSIN/SN] €T gel
T/V4LSIN/SN] TT gel
1/v4159/S3] TT qel
T/V41SIN/S3] TT el
T/v41S9/SN] TT gel
S/v4154/53] 0T qe
1/v41549/s3] 0T qel
T/V41SIN/SN] 0T gel
S/V4LSIN/S3] 0T el
T/V41SIN/S3] 0T gel
G/v41549/SN] 0T gel
T/v41549/SN] 0T ge1
S/V41SIN/SN] 0T gel
S/v41s4/s3] 6 qel
T/v4159/53] 6 9el
S/V41SIN/S3] 6 el
T/V41SIN/SN] 6 9e
T/V41SIN/S3] 6 qel
G/v4154/SN] 6 el
T/v4154/SN] 6 el
S/V41SN/SN] 6 qel
6/v41s8/s3] 8 qen
T/v4158/53] 8 el
S/V41SIN/S3] 8 ge
T/V41SIN/SN] 8 qe
T/V4LSIN/S3] 8 qe
S/v41S4/SN] 8 el
T/v41S8/SN] 8 qel
S/V41SN/SN] 8 qe
S/v4154/s3] £ qeq
T/v4158/53] £ e
S/V4LSIN/S3] £ qel
T/V4LSIN/S3] £ qel
T/V4LSN/SN] £ qel
G/v41S4/SN] £ gel
T/v4159/SN] £ gel
S/V41SN/SN] £ qel
S/v41s4/s3] s qeq
T/v4154/53] S qeq
S/V41SIN/S3] S gel
T/V41SIN/S3] S gel
G/v4154/s3] v qeq
T/v4158/53] v ge1
S/V4LSIN/S3] ¥ qel
T/V4LSIN/S3] ¥ 9l
G/v41S8/SN] v qel
T/V4LSW/SN] v qel
T/v4159/SN] ¥ el
S/V41SIN/SN] ¥ qe
S/v41s4/s3] € qeq
T/v4159/s3] € qeq
S/V4LSIN/S3] € qel
T/V41SIN/S3] € gel
G/v41Sa/SN] € gel
T/v4159/SN] € gel
T/V41SIN/SN] € qel
S/V4L1SIN/SN] € qel
S/v4159/53] xT 9e1
q/v41s8/s3] z qel
T/v4158/53] z gel
S/V41SIN/S3] T gel
T/V41SIN/S3] Z qel
S/v41s4/s3] T qeq
T/v4159/S3] T qeq
S/V41SIN/S3] T gel
T/V41SIN/S3] T qel
G/v4159/SN] T gel
T/v41S4/SN] T gel
S/V41SN/SN] T qel
T/V41SN/SN] T qel

Submitted results for the determination of 3-MCPD using 3-MCPD-ds. The dotted green line shows the spiked concentration of 3-MCPD. Outliers according to Grubbs (GO) and Cochran

(CO) are shown in red and orange rounded rectangles, respectively. An outlier test has been performed on the results of each sample preparation combination separately. Sample preparation

Figure A1l

information is provided in brackets after the lab number. This includes details of whether the sample was prepared using a nitrogen stream (NS) or a vacuum evaporator (ES), and whether

derivatisation was performed using MSTFA or BSTFA. Numbers 1 and 5 reflect the dilution factor.
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11.9 Submitted results for the determination of 1,3-DCP using 1,3-DCP-ds

- [S/v41sa/s3] ST qel
- [T/v4LSIN/SN] ST gel
F [T/v41s9/53] ST e
F [S/v41SN/S3] ST gel
F [T/v41SW/S3] ST gel
F [S/v41S9/SN] ST gel
- [T/vd41s8a/SN] ST gel
- [S/V4LSIN/SN] ST gel
F [S/v41sa/s3al vt qed
F [T/v41sg/s3] vT el
F [T/V41SIN/SN] T gel
- [S/v41SN/S3] T gel
F [T/v41SN/S3] vT gel
F [S/v4.1S9/SN] vT gel
F [T/v41S9/SN] ¥T gel
- [S/V41SIN/SN] ¥T gel
F [s/v41sa/s3l €T qeq
F [T/v41sg/s3] €T qeq
F [S/v41SN/S3] €T gel
- [T/v4LSIN/SN] €T gel
F [T/v41SW/S3] €T gel
F [S/v41S9/SN] €T gel
- [T/vd41s8/SN] €T gel
- [S/V4LSIN/SN] €T gel
F [T/v41SN/S3] TT gel
- [s/v41sg/s3] 0T e
+ [T/v41sa/s3] ot el
 [G/v41SN/S3] 0T el
- [T/v4L1SIN/SN] 0T gel
- [T/v41SN/s3] 0T gel
- [S/v41Sa/SN] 0T gel
F [T/v41S8/SN] 0T el
+ [S/V41SIN/SN] 0T gel
F [s/v41s9/53] 6 9el

F [t/v41s9/53] 6 9en

- [S/v41SIN/53] 6 9Bl
- [T/v41SN/s3] 6 gel
F [T/v41SW/SN] 6 el
+ [S/v4159/SN] 6 el

+ [T/v4159/SN] 6 el

L [S/V4LSIN/SN] 6 gel
- [s/v41s9/53] 8 qel

F [T/v41sa/s3] 8 gel

- [S/v41SIN/S3] 8 ge
+ [S/v4159/SN] 8 e

F [1/v41S9/SN] 8 qel

- [S/V41SIN/SN] 8 el
F [S/V41SN/SN] £ gel
F [S/v41sa/s3] £ gel

F [T/v41s9/53] £ 9eq

- [S/V41SIN/S3] £ ge
F [T/v41SIN/53] £ gel
+ [S/v4.1S9/SN] £ el

F [T/v41SW/SN] £ el
+ [T/v4159/SN] £ el

F [S/v41s9/53] S gel

F [t/v41s9/53] s geq

F [S/v41SIN/s3] S gel
F [T/V41SIN/S3] S el
F [S/V41SN/SN] ¥ et
F [S/v41s9/53] v gel

F [t/v41s9/53] ¥ gel

- [S/v41SIN/s3] v gel
F [T/V41SIN/S3] ¥ gel
F [S/v4159/SN] ¥ el

+ [T/v4159/SN] ¥ el

F [T/V4L1SIN/SN] ¥ gel
F [S/v41SIN/s3] € gel
F [T/v41SIN/S3] € qel
- [S/vd1sa/s3] «T qel
F [S/v41s9/s3] T geq

F [t/v41s9/s3] T geq

F [S/v41SIN/s3] T gel
F [T/V41SIN/S3] T qel
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Submitted results for the determination of 1,3-DCP using 1,3-DCP-ds. The dotted green line shows the spiked concentration of 1,3-DCP. Outliers according to Grubbs (GO) and Cochran

Figure A2

(CO) are shown in red and orange rounded rectangles, respectively. An outlier test has been performed on the results of each sample preparation combination separately. Sample preparation

information is provided in brackets after the lab number. This includes details of whether the sample was prepared using a nitrogen stream (NS) or a vacuum evaporator (ES), and whether

derivatisation was performed using MSTFA or BSTFA. Numbers 1 and 5 reflect the dilution factor.
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11.10 Submitted results for the determination of 1,3-DCP using CMP

[T/V41SW/SN] ¥T gel
- [S/v41S8/53] ¥T qel
- [1/v41s8/s3] vT gel
-[9/v41SIN/S3] vT gel
-[T/v41SN/S3] vT qel
- [S/v4158/SN] ¥T gel
- [T/v41S8/SN] vT gel
H[S/V41SIN/SN] ¥T gel
-[T/v41SN/sal TT gel
-[S/V41SIN/SN] 0T ge
- [s/v41s8/s3] 0T gel
-[T/V41SIN/SN] 0T gel
H[T/V4LSIN/SN] 0T qe
-[9/v41SN/S3] 0T gel
-[T/v41SIN/S3] 0T gel
- [S/v4158/SN] 0T gel
[T/v41s9/SN] 0T gel
- [S/¥41SIN/SN] 6 gel
- [s/v4159/53] 6 el
- [T/v41s9/53] 6 gel
- [S/v41SIN/S3] 6 ge
- [T/V41SIN/SN] 6 gel
- [T/v41SIN/s3] 6 el
- [S/v41S9/SN] 6 el
- [T/v4159/SN] 6 gel
- [G/V41SIN/SN] 8 e
- [G/v41SIN/S3] 8 e
- [S/V4LSIN/SN] £ gel
- [S/v41s89/53] £ gen
- [T/v41s9/53] £ qel
- [S/v41SIN/s3] £ gel
- [T/v41SIN/S3] £ ge
- [T/V41SIN/SN] £ gel
- [G/v41S9/SN] £ el
- [T/v4.1S9/SN] £ gel
- [s/v41s9/53] S gel
- [T/v41s9/53] S gel
- [S/v41SIN/53] S ge
- [T/v41SN/s3] S el
- [T/v41SIN/SN] ¥ e
- [s/v41s9/53] T el
- [T/v41s9/s3] z el
- [S/v41SIN/s3] Z gel
- [T/v41Sn/s3] Z gel
- [S/v41s9/s3] T gel
- [T/v41s9/53] T qel
- [S/v41SIN/S3] T el
- [T/v41SIN/S3] T ge
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Figure A 3: Submitted results for the determination of 1,3-DCP using CMP. The dotted green line shows the spiked concentration of 1,3-DCP. Outliers according to Grubbs (GO) and Cochran

(CO) are shown in red and orange rounded rectangles, respectively. An outlier test has been performed on the results of each sample preparation combination separately. Sample

preparation information is provided in brackets after the lab number. This includes details of whether the sample was prepared using a nitrogen stream (NS) or a vacuum evaporator (ES),

and whether derivatisation was performed using MSTFA or BSTFA. Numbers 1 and 5 reflect the dilution factor.
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11.11 Results for the determination of 3-MCPD using 3-MCPD-ds, used in the statistical analysis
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Figure A 4: Results for the determination of 3-MCPD using 3-MCPD-ds, used in the statistical analysis. The empty black circles represent the submitted results, while the solid black
circles represent the corresponding mean value. The dotted green line shows the spiked concentration of 3-MCPD (xp:) and dotted orange lines demonstrates the range of xp-2-sg to
Xpt+2-Sr (~95% confidence level). Sample preparation information is provided in brackets after the lab number. This includes details of whether the sample was prepared using a nitrogen

stream (NS) or a vacuum evaporator (ES), and whether derivatisation was performed using MSTFA or BSTFA.
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11.12 Results for the determination of 1,3-DCP using 1,3-DCP-ds, used in the statistical analysis

3,5 1
1,3-DCP (1,3-DCP-ds)

2,5 A

Concentration [pg/L]

Lab 1 [ES/MSTFA] -
Lab 1 [ES/BSTFA] -
Lab 3 [ES/MSTFA] -
Lab 4 [NS/MSTFA]
Lab 4 [NS/BSTFA] A
Lab 4 [ES/MSTFA] -
Lab 4 [ES/BSTFA] -
Lab 5 [ES/MSTFA] -
Lab 5 [ES/BSTFA] -
Lab 7 [NS/BSTFA]
Lab 7 [NS/MSTFA]
Lab 7 [ES/MSTFA] -
Lab 7 [ES/BSTFA] -
Lab 8 [NS/BSTFA]
Lab 8 [ES/BSTFA] -
Lab 9 [NS/BSTFA]
Lab 9 [NS/MSTFA]
Lab 9 [ES/MSTFA] -
Lab 9 [ES/BSTFA] -
Lab 10 [NS/BSTFA] -
Lab 10 [ES/MSTFA] -
Lab 10 [NS/MSTFA] -
Lab 10 [ES/BSTFA]
Lab 11 [ES/MSTFA] -
Lab 13 [NS/BSTFA] -
Lab 13 [ES/MSTFA] -
Lab 13 [NS/MSTFA] -
Lab 13 [ES/BSTFA]
Lab 14 [NS/BSTFA] -
Lab 14 [ES/MSTFA] -
Lab 14 [NS/MSTFA] -
Lab 14 [ES/BSTFA]
Lab 15 [ES/MSTFA] -
Lab 15 [NS/MSTFA] -

Figure A 5: Results for the determination of 1,3-DCP using 1,3-DCP-ds, used in the statistical analysis. The empty black circles represent the submitted results, while the solid black circles
represent the corresponding mean value. The dotted green line shows the spiked concentration of 1,3-DCP (x,t) and dotted orange lines demonstrates the range of Xpt-2-Sg t0 Xpt+2-sg
(~95% confidence level). Sample preparation information is provided in brackets after the lab number. This includes details of whether the sample was prepared using a nitrogen stream
(NS) or a vacuum evaporator (ES), and whether derivatisation was performed using MSTFA or BSTFA.
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11.13 The draft version of the evaluated § 64 method

DRAFT XX dated 05/12/2024

Official collection of methods of analysis according to § 64 LFGB

Examination of consumer products

KK KX
Determination of 1,3-dichloro-2-propanol and 3-monochloro-1,2-
B propanediol in cold water extracts of paper, board and
cardboard using GC-MS{/MS) o

1 Purpose and scope of application

This official method describes a procedure for the determination of the chloropropanaols 1,3-
dichloro-2-propanol (1,3-DCP) and 3-monochlong-1,2-propanediol (3-MCPD) in cold water
extracts of paper, board and cardboard.

2 Term

The use of epichlorchydrin in the production of manufacturing additives for paper, board and
cardboard can lead fo the formation of migratable fractions of 1,3-DCP and 3-MCFPD in the
finished product. 1,3-DCP is an intermediate product of epichlorohydrin production that can

remain as an impurty in the additives. 3-MCPD is formed as a hydrolysis product from
unreacted residual amounts of epichlorohydrin.

3 Brief description

The analytes are exfracted from the cold water extract using solid-phase-based liquid-liguid
exfraction. 1,3-DCP and 3-MCPD are derivatised with N-methyl-N-{trimethylsily trifluoro-
acetamide (MSTFA) or N O-bis(trimethylsih)irflucroacetamide (BSTFA). The analysis is
camied out using gas chromatography coupled with (tandem) mass spectrometry
(GC-MS(MS)).
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Page 2 Month 2000 L X X0K-X Official Collection § 64 LFGB

4 Chemicals

Unless otherwise specified, chemicals pure for anabysis and, if possible, certified analyte
standards must be used. Water must be at least ultrapure water type Il (1 MO- cm at 25 °C,
according to DIN 150 3696).

4.1 Sodium chloride (NaCl)
4.2 Ethyl acetate, for residue analysis
4.3 Derivatisation reagent
4.3.1  N-methyl-N-{trimethylsilyltrifluoroacetamide (MSTFA)
4.3.2 Altemative: N, O-bis(trimethylsiiyltriflucroacetamide (BSTFA)
4.4 Liguid-liquid extraction column with diatomaceous earth, e.g. Extrelut®
4.5 1,3-Dichloro-2-propanol {(1,3-DCP)
4.6 3-Monochloro-1,2-propane diol (3-MCPD)
4.7 3-Monochloro-1,2-propanediol-ds (3-MCPD- dg), internal standard for 3-MCPD
4.8 3-Chloro-1-methoxy-2-propanol (CMP), internal standard for 1,3-DCP

4.9 Alternative: 1,3-dichloro-2-propanaol-dg (1,3-DCP-dg), internal standard for 1,3-
DCP

4.10 Diluted hydrochloric acid, e.g. 5 M

4.11 Production of stock and working solutions
The stock and working solutions (analyte mix and internal standard mix (ISTD mix)) can be
prepared as described in the following chapters. Adjustments, e.g. with regard to the
concentrations, can be made. If exact purity specifications for the analyte standards used are
given in the certificate, the exact concentration of the solutions prepared should be calculated
from the weights, taking the purity into account.

4.11.1 Preparation of stock solutions for 2-MCPD and 1,3-DCP and for the internal standards
3-MCPD-d: and CMP/1,3-DCP-ds

A solution with a concentration of approximately 5 mg/mL is prepared in ethyl acetate.

Intermediate dilutions can be prepared for the following steps if required.

4.11.2 I1STD mix {3-MCDP-d: and CMP/1,3-DCP-dc)

When preparing the 1ISTD mix, make sure that the concentration of 3-MCPD-d: is 1250 ngfmL
and of CMPM,3-DCP-d: is 300 ng/mL. When using 1,3-DCP-d: for the determination keep in
mind that both 1,3-DCF and 1,3-DCP-d; form the same main fragment mvz 93. Accordingly,
complete chromatographic separation of the two substances must be ensured when using this
fragment. Altermatively, another fragment can be selected (if it allows to achieve a sufficient
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LOG for 1,3-DCP) or CMP can be used.

4.11.3 Analyte mix

When preparing the analyte mix, make sure that the concentration of 3-MCPD is 500 po/L and
of 1,3-DCP 100 pa/L.

412 DCP-MCPD calibration solution en
Table 1 contains an example of a 7-point calibration series. For the calibration solutions, ethyl
acetate, the analyte mix (4.11.3) and the ISTD mix (4.11.2 ) are combined as described inTable
1 in a suitable vessel, e.g. an amber glass vial. Prior to analysis, the analytes and intermal
standards in the calibration solutions are dervatised directly by adding the dervatisation
reagent (4.3.1 MSTFA or 4 3.2 BSTFA) according to 7.2.4 _ In addition, it is recommended to
measure a blank solution without analytes, but with an intermal standard (I5TD), which is not
part of the calibration series.
Notes: AN stock and calibration solutions can be stored underivatised for 7 months in the
reffigerator at =8 °C or derivatised for 3 months at=-13 *C in the freezer (see appendix).
If the chemicals used are available in containers with very small gquantities, it makes sense fo
calculate the weight by weighing. To do this, the vessal is weighed before the substance is
transfermed fo a volumetric ffask by rinsing the vessel with ethyl acetate. The vessel is then
dried and weighed. However, this can lead to signfficantly increased uncertainties. The use of
larger quantities is therefore recommended
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Table 1 : Example of a 7-point calibration senes (the zero point is not to be integrated into the calibration
senes). The concentrations refer to values afier addition of the derivatisation reagent and before any
quenching/dilution after dervatisation.

Calibration Volume Volume Yolume c* c* c* c*
point ethryl analyte mix | ISTD-Mix | 3-MCPD | 1.3-DCP | 3-MCPD- | CMPM 3
acetats (4.11.3) 4.11.2) ds DCP-ds
[uL] [uL] [uL] [waiL] [baiL] [wail] (/L]
Blank 400 0 50 a 0 125 30
1 380 20 c0 20 4 125 30
2 360 40 E0 40 8 125 30
3 320 80 50 80 16 125 30
4 280 120 50 120 24 125 30
5 220 180 &0 180 36 125 30
[ 150 250 £0 250 50 125 30
7 100 300 50 300 60 125 30

"~ concentration in the measuring solution, i.e. after addition of the denvatisation reagent (50 pl; accomding to 7_2.4

5 Devices and tools

In addition to the usual laboratory equipment, you will need, for example

5.1 Scales with an accuracy of at least 0.1 mg
5.2  Erlenmeyer flask with ground glass joint
5.3 Nutsche filter
5.4 Glass fibre filter

GF'C; 1.2 ym

5.5 Volumetric flask
5.6 Glass column with frit

Length: 30 cm, inner diameter: 1 cm

5.7 Piston or positive displacement pipettes with disposable tips, various sizes
5.8 Bulb pipette, 5 mL

5.9 Vacuum evaporator/nitrogen evaporator

5.10 Evaporator glass, at least 80 mL, with graduated tip for 1 mL

5.11 Test tubes with ground glass

5.12 Kuderna-Danish vaporiser with nitrogen
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5.13 Suitable vials for derivatisation and for GC-MS({/MS) measurements, e.qg. amber
glass vials with screw cap, e.g. with butyl rubber PTFE septa

514 Insert, 250 pL
515 pH meter + pH paper
516 Drying cabinet, 60 °C £5°C
547 GCMS("MS) device with electron ionisation source
518 GC column
5 % phenyl-methylpolysiloxane, 30 m = 0.25 mm, 0.25 pm film thickness

Notes: Toavoid contamination, i is recommended that the glassware is either rinsed with
ethyl acetate or baked in a drying oven/mulfle furnace at 380 °C for one hour before use.

6 Sampling
The sampling procedure is not part of the testing procedure described in this official method.
Care must be taken to ensure that a representative sample is given to the laboratory for

analysis. The laboratory sample must be stored and handled in such a way that damage and/or
changes are avoided.

7 Implementation

7.1  Sample preparation
The sample is prepared according to DIN EN 645 [1] with the specifications for preparing cold
water exiracts from the BfR's collection of methods for paper [2], .i.e. the sample is cut, not
tom. The chopped sample can be stored in a glass bottle with a screw cap. The sample is
weighed for extraction in accordance with DIN EN 645 [1].

Notes: [fthe tofal sample quantity is small, the sample weight can be reduced. In this case,
the volume of waler for extraction, the final volume and the amount of NaCl to be added to the
volumetric fask (see 7.2.1 ) must be adjusfed accordingly.

7.2 Determination of chloropropanols
7.2.1 Extraction

Add 200 mL ultrapure water to the weighed sample in a ground-glass Erenmeyer flask. Ensure
that the sample is completely covered with water. The cold water extract is prepared according
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to the precise specifications of DIN EN 645 [1, 2] for 24 hours at 23 °C £ 2 °C in the sealed
Erenmeyer flask. The extract is then vacuum-fitered using a glass fibre filter. The solution
should be fransfermed as completely as possible to the filter flask. The Edenmeyer flask is
rinsed twice with 20 mL ultrapure water each time and the rinsing solutions are poured over
the filter cake one after the other. If the material is very swellable, carefully squeeze the
remaining water out of the filter cake. If the material does not swell strongly, it is also possible
to decant the extract instead of vacuum filtration, also rinsing the residue twice with 20 mL
ultrapure water.

29.25 g of NaCl are placed in a 250 mL volumetric flask, into which the filtrate is then
transfemed. After complete dissolution of the NaCl, fill up to the mark with ultrapure water.
Immediately after extraction, check the pH value using a pH meter or suitable pH paper. If the
extract has an alkaline pH value (=7.5), a test with pH paper is no longer sufficient and a more
precise test with a pH meter is necessary. At a pH =7.5 and =85, the extract must be adjusted
to a pH range of 6.0 £ 0.5 with diluted hydrochloric acid so that the chloropropancls are not
further degraded. At a pH value =8.5, 1,3-DCP is no longer sufficiently stable over a period of
24 hours, so that there may be significant underestimation of 1,3-DCP in the cold water exiract
according to DIN EN 645! For 3-MCPD, this applies accordingly for pH values =9.0. From a
pH value =8.5, the cold water exiract is therefore repeated with an extraction time of only 1
hour and the analysis is camied out after neutralisation as described in this method.

Notes: The cold water extract must be used fo analyse chioropropanols [3, 4] . The
preparafion of a hot waler extract for testing for chioropropanols is expressly no longer
recommended by the BfR, as the cold wafer extract already represents the worst condifions fo
be assumed. The holt waler extracts can lead fo underestimation [5]. NaCl is added fo the
water extract to ensure beffer transfer of the chioropropanols during the Nguid-igwd extraction.
This requires an approx. 2 M NaCl solution; a more precise defermination of the NaCl
concantration is not necessary for the guantificalion of the chioropropanols, as this value is not
refevant to the reswt.

T.2.2 Liguid-liquid extraction with diatomaceous earth

The extraction columns are packed with 5 g of extraction material. Alternatively, commercialhy
available packed extraction columns can be used. Care must be taken to ensure that the
comect packing size is used for the extract volume of 5 mL (e.g. EXtrelut® NT 20) or that the
volumes are adjusted and taken into account accordingly when calculating the concentrations.
First, 50 pL ISTD mix (4.11.2 with 5.7 ), followed by 5 mL of the exfract (with 5.8) are loaded
on the extraction column. After 15 minutes, the analytes and intemal standards are slowty
eluted with 80 mL ethyl acetate into an evaporator tube.
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7.2.3 Removal of solvent from the eluate

The eluate is concenfrated to a volume of approx. 1 mL using a vacuum evaporator. The
remaining eluate is transferred fo a test tube with a ground joint. The evaporator tube is then
rinsed with approx. 1 mL ethyl acetate and the combined eluate (extract and rinsing solution)
is concentrated to approx. 450 pL under a nitrogen stream. An example programme for
evaporation on the evaporator can be found in Appendix A2 Alternatively, the eluate can also
he concentrated exclusively under a nitrogen stream. It is also possible to omit the last step of
concentration under the nitrogen stream and concentrate to 450 L in the vacuum evaporator.
However, this can lead to distorted recoveries when using CMP as an intemal standard due fo
the significantly different boiling points of CMP and DCP.

Note: When using the vacuum evaporator, it is essential fo ensure that the final pressure
does not fall below 90 mbar, as this can lead fo losses of analyfes. The use of a backflush
system is also recommended. If there are problems with recovery, checking the seals of the
vacuum evaporator has offen proved helpful in practice.

7.2.4 Derivatisation

For derivatisation, the extract is transfermed to a suitable vessel, e.g. an amber glass vial. Then,
A0 uL of MSTFA(4.3.1 Jor BSTFA (4.3.2 ) are added using a piston-operated pipette. The vial
is sealed, shaken and the solutions are incubated for at least 5 minutes at room temperature.
After the reaction time has elapsed, the sample is quenched with 5 pL ethanol and mixed
briefly. To avoid mairix interferences, it is recommended for difficult matrices to dilute the
derivatised and quenched sample 1:5 with ethyl acetate (100 pL exiract + 400 plL ethyl
acetate). In this case, the calibration must also be diluted. The extract is then transfemed o a
suitable vessel, e.g. an amber glass vial with insert.

Note: During dervafisation, ensure that the tube is complefely sealed. When using crimp-
on wvialsscrew-on vials, caps with suitable sepfa material must be used. Butyl rubber PTFE
septa, for exampie, have proven fo be suitable for this purpose.

8 Quality assurance

The laboratories are responsible for quality assurance and control.

8.1 Blank values

A blank sample must be included in each sample preparation. Load 50 plL ISTD mix (4.11.2)
and 5 mL ultrapure water (with MaCl in a ratio of 29.25 g NaCl to 250 ml) on the extraction
column and process in the same way as the samples (7.2.1 10 7.2.4)
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Each [aboratory must choose its own approach when dealing with blank values. Blank values
may have to be subtracted from the analysis results. There are various possible approaches
o this, e.g. the FDA (US Food and Drug Administration) recommends subtracting the blank
value if it is more than 20% of the imit of quantification [6, 7).

A reprocessing should be considered if the blank value accounts for a significant proportion of
the analysed value and at the same time does not allow a clear classification above or below

the respective limit or guide value.

MNote: Possible sources of contamination include the column material, the saft and the ethyl
acefate. [t is therefore advisable fo test new bafches of these matenals in advance.

9 Evaluation

9.1 Calculation

The mass content of the individual chloropropanols in the sample is calculated using the
intemal standard method. The determined content must be stated in po/L; ifnecessary, a hlank
value must be subiracted.

To calculate the linear regression (y=mx+h), the ratios of the peak areas of the analyte to the
intemal standard from the calibration solutions are plotted against the concentrations of the
analyte in the calibration solutions. The chloropropanol concentration in the extract is
calculated using the equation:

Concentration of chloropropanal in the cold water exiract in pa/l

Integrated peak area of the chlioropropanaol in the extract/integrated peak area of the
respective ISTD in the exiract

y-axis intercept

Slope

Conversion factor; ratio of the ISTD concentration in the calibration solutions and the
extract (Ciaropcaemton | CiaTopeeme]

mIT =X

Example calculation for the factor F:

When camying out the liguid-liguid extraction as described in 7.2.2, 5 mL of the extract is
concentrated to approx. 450 pL. During derivatisation according to 7.2.4 with MSTFA, 50 pL
of reagent is added, resulting in a final volume of approx. 0.5 mL. This results in

50 pL (ISTD) 50 uL (ISTD)

=~ 0.5 mL (Kalibrierlosung) / 5 mL (Extrakt) ~ -0
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9.2 Reliability of the method

L X

Month 20X%  Page

The statistical data shown in Table X were determined in a round robin test involving XX

lahoratories at X204

Table 1: Statistical data of the round robin test

Parameters

HRK,

Mumber of parficipating laboratories

Mumber of laboratories after elimination of
outliers

Mumber of

Mean value X , migikg

Repeatability limit r, mg/kg

Repeatability standard deviation 5, mgfkg

Relative repeatability standard deviation
s, %

Relative repeatability limit r=, %

Companson limit 7, mgfkg

Comparison standard deviation ss, mg'kg

Relative comparison standard deviation ss
Y

Relative comparisan limit R, %

10 Report

The report must contain at least the following information with reference to this official method:

= Type, ongin and name of the sample

+ Type and date of sampling

« [Date of receipt and investigation

+ Test result

+ Reasons if deviation from this official method has been made.

11 Explanations and notes

Reference is made to the general explanations provided in the introductory secfion of the

official collection as part of the "Instructions for drafting the methods”™.

The method was developed by the working group "XXX" of the Federal Office of Consumer
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Protection and Food Safety (BVL) for the implementation of & 64 LFGE and tested in a round
robin test with X30X participants on the matrices X0

All trade names listed in this official method or product descriptions referring to individual

suppliers are onky for information purposes of users of this official method and do not imply
recognition of the named product by the BYL. Equivalent products may be used if they
demonstrably lead to comparable or better results.
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Appendix

L B X

Month 20XX  Page

Determination of 1,3-dichloro-2-propanol and 3-monochloro-1,2-propanediol in
the cold water extract of paper, board and cardboard using GC-MS(/MS)

Al Example of system settings for a GC-MS/MS system

AlA Chromatographic settings

Injection volume:
Separating column:

1.5 UL, splitiess

5% phenyl-methylpolysiloxane; 30 m (length)= 025 mm (inner
diameter) = 0.25 pm {film thickness)

Pre-column: Fused silica, deactivated; 10 m (length) = 025 mm (inner
diameter)

Column flow: 1.2 mL/min He

KAS/PTV Liner: Glass swirl liner

Oven programme: Heating rate Temperature [°C] Holding time [min]
[*Cimin]

50 2

6 100 0
45 285 1

Duration of the measurement: 25.4 min

Temperature programme: Starting Equilibration time: Starting fime:
temperature: 0.50 min 0.01 min
45°C
Heafing rate [*Cls] Temperature [*C] Holding time [min]
12 220 20
12 340 4

Retention fimes:

Time {min)

CMP-TMS ether 10.36

1,3-DCP-TMS ether 10.76

1,3-DCP-d--TMS-Ether 10.71

I MCPD-d-TMS ether 12.09

FMCPD-TMS ether 12.11
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Al.2 Detector settings

lon source El 70 eV
Source temperature: 230 *C
Transfer line temperature: J20°C
Quadrupole temperature: 150 °C
Collision gas Nz
Mode: MRM

A1.3 Quantifier and qualifier for MS

Substance or frimethylsilyl | Quantifier Clualifier
ether (TMS ether)

1,3-DCP TMS ether 93 151, 185
CMP/DCP-Methoxy TMS 181 151
ether (ISTD)

1,3-DCP-d: TMS ether 93*, 190 154
3-MCPD TMS ether 239 101, 116
3MCPD-d: TMS ether 244 114
(ISTD)

* Ensure complete chromatographic resolution of DCP and DCP-d;
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A1. Example of transitions and collision energies (CE) at the MS/MS
Precursor | Production | Dwell CE
ion [M‘K]‘- fime [E"{":'
(msec)
FMCPD-TMS ether 101 54 ] a
116 59 A 17
116 T3 5 7
151 73 L] 7
239 147 5 T
1,3-DCP-TMS ether 185 g3 5 8
151 T3 5 T
93 65 A 17
1,3-DCP-d.-TMS-Ether | 190 93 5 5
154 73 ]
192 93 ]
FMCPD-d=-TMS ether | 104 60 b a
119 G0 5 17
154 73 5 T
119 T3 5 12
244 147 ] T
CMP-TMS ether 151 73 A T
181 89 ] T
181 54 A 30
A2 Additional examples and tips for reprocessing

AZ. 1 Example programme for vacuum evaporation

Table2 : Example programme for vaporisation on the evaporator

Month 205X Page

Level Initial Final Duration Temperature Temperature Shaker
Pressure pressure cooling thermostat thermoblock spesd
[mitzar] [mbar] [miir] [cl ["C] [rpm]
1 550 250 2 10 50 270
2 250 200 3 10 50 270
3 200 150 5 10 50 270
4 150 125 5 10 50 270
5 125 100 7 10 50 270
6 100 90 approx. 40 10 50 270
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AJ Stability of analytes

AJ. 1 Shelf life in the refrigerator at 5+ 3 °C

Data from the LAVES in Lineburg: Comparnson of a working solution in ethyl acetate from
06M12/2023 with a working solution in ethyl acetate from 04/07/2024; prepared from separately
prepared stock solutions in ethyl acetate. The calibration solutions prepared from this were
derivatised on the same day. Deviation of the concentrations = 10 % for 1,3-DCP and
3-MCPD. The non-derivatised solutions in ethyl acetate are therefore stahle for at least 7
months.

AJ. 1 Shelf life in the freezer at -18 °C

The stability of various analyte solutions when stored at -18 + 5 °*C was confirmed for the
following times:

- Storage of denvatized (quenched) calibration senes for 3 weeks
- Storage of spiking solutions on pH-neutral K\WE for 6 months

- Storage of calibration and stock solution mixes for 6 months
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About the BfR

The German Federal Institute for Risk Assessment (BfR) is a scientifically
independent institution within the portfolio of the German Federal Ministry of
Agriculture, Food and Regional Identity (BMLEH). It protects people's health
preventively in the fields of public health and veterinary public health. The BfR
provides advice to the Federal Government as well as the Federal States
(‘Laender’) on questions related to food, feed, chemical and product safety. The
BfR conducts its own research on topics closely related to its assessment tasks.

About the BVL

The Federal Office of Consumer Protection and Food Safety (BVL) as a higher federal
authority under the jurisdiction of the Federal Ministry of Food and Agriculture (BMEL)
and fulfils many tasks in the area of food safety. The aim of the BVL is to improve
coordination between the Federal Government and the Federal States in the area of
consumer health and to make the communication of risks more transparent and to
manage risks before they turn into crises.

The BVL is responsible for publishing the Official Collection of Methods of Analysis
according to § 64 LFGB, § 38 TabakerzG, § 28b GenTG.
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