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1. Summary

Commission’s Directorate-General Joint Research Centre hosts the EU Reference
Laboratory for Food Contact Materials (EURL-FCM). One of its core tasks is to
organize interlaboratory comparisons (ILCs) among appointed National Reference
Laboratories (NRLs).

This report presents the results of the ILC of the EURL-FCM which focused on the
screening for photoinitiators (PI) content in paperboard as well as in a solvent. The
test materials used were two types of paperboard supplied by the industry,
containing benzophenone (BP) and 4-methylbenzophenone (4MBP) and mixtures of
five PIs in a solvent (acetonitrile) prepared in-house.

The general aim of the exercise was to assess the proficiency of the official control
laboratories and consequently the participants were free to use an analytical method
of their choice.

There were 36 participants to whom samples were dispatched (26 NRLs + 10 official
national control laboratories from Germany and Spain) 32 of which submitted
results. The homogeneity and stability studies were performed by the EURL-FCM
laboratory. The assigned values were obtained after applying robust statistics to the
results of the participants. Participants were invited to report four replicates
measurements. This was done by most of the participants.

Laboratory results were rated with z and z’ scores in accordance with ISO 13528 [1]
Standard deviations for proficiency assessment (also called target standard
deviations) were set based on Horwitz equation for substances in the solvent. For
the PI paperboard the target standard deviation was set by the organizers to 15% in
order to fulfil the required criteria for sufficient homogeneity of the sample within
the lots.

As a conclusion of the ILC exercise on the quantification of photoinitiators in the
paperboard and the solvent, this ILC showed that:

= The participation in the ILC was satisfactory regarding the number of the
participating labs. Thirty-two laboratories submitted their results. From the
EURL-NRL network 22 laboratories out of 25 reported results. 3 NRLs
laboratories did not send any results.

= For the network of NRL-FCM the outcome from the participation could be
regarded as satisfactory as there are about 84% satisfactory results (262 out
of 312) and only 3 NRLs did not participated out of 25.The Institute for Health
and Consumer Protection (IHCP) of the European
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2. Introduction

ILC studies is an essential and very important element of laboratory quality
assurance, which allow individual laboratories to compare their analytical results
with those from other laboratories while providing them objective standards to
perform against.

It is one of the core duties of the EU Reference Laboratories to organize
interlaboratory comparisons, as is stated in Regulation (EC) No 882/2004 of the
European Parliament and of the Council [6].

In accordance with the above requirements the EU Reference Laboratory for Food
Contact Materials (EURL-FCM) organized in 2010 for a third year interlaboratory
comparison tests for the network of appointed National Reference Laboratories
(NRLs).

The objectives of the interlaboratory comparison (ILC) tests for 2010 were discussed
and agreed in the plenary meeting with all NRLs held in July 2009 in Varese, Italy
In that meeting the NRLs were asked to suggest possible tests for inclusion in the
2010 work program and one of the preferences was expressed for photoinitiators in
paper and board.

Photo-initiators are used in inks hardened with ultraviolet (UV) light. Their benefits
include reduced drying times compared to water-based coatings, allowing a
continuous production process. UV inks are used to produce an appealing glossy
cover to the printed packaging, especially for paperboard, and high amounts of
photo-initiators are used for this purpose in the ink preparation. One of the most
known photo-initiators is benzophenone (BP). It has been determined to migrate
from printed paperboard into the food as it might be neither totally used up during
the printing process, nor removed afterwards, nor irreversibly bound into the print
film layer. The migration of photo-initiators from the packaging to the food through
the vapor phase is possible even from the secondary packaging, i.e. when the ink is
not in direct contact with the food. The commonly used BP is known to migrate
easily through the vapor phase and it has been substituted with other derivatives
over the last few years.

4-Methylbenzophenone (4MBP) is an example of a photo-initiator used either instead
or, more rarely, together with BP. At the present time, printing inks and/or
paperboard boxes are not covered by specific European legislation on food contact
materials.

The substances were a cause of Europe-wide issue last year after Germany and
Belgium reported the chemicals had leached into breakfast cereals. In May 2009,
EFSA concluded that for adults the estimated exposure from the chemicals in the
cereal was unlikely to be a health hazard but that this could not be ruled out for
children.

In the wake of the 2009 alert both the European Printing Ink Association and the
European Carton Board Manufacturers recommended to their members that printing
inks containing 4MBP and BP were not suitable for printing of food packaging unless
a functional barrier is present that blocks the transfer into food also via the
gasphase.
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The European Commission’s Standing Committee on the Food Chain and Animal
Health recommended that food contact materials printed with inks containing
benzophenone or 4MBP should not be brought in contact with foods unless it is
demonstrated that the transfer into food of the sum of 4MBP and BP is below 0.6mg
per kg of food .

The initial aim of the ILCO1 2010 exercise was to quantify the concentration of a
number (n = 6-8) of photoinitiators (incl. BP and 4MBP) in a paperboard sample that
has been spiked with these substances by the EURL and/or to obtain retail samples
of unknown (to the NRLs) composition to test that the screening procedures in use
in the laboratories are capable of detecting the photoinitiators.

At the stage of preliminary investigations on feasibility of homogeneous spiking of
the paperboard with PI and on finding supplier from the industry of the paperboard
containing several PI, the EURL arrived at the following conclusions:

- the in-house spiked virgin paperboard were not homogeneous enough for an
ILC exercise;

- the industry could provide two types of paperboard materials containing only
a single PI;

A decision was then taken by EURL that the ILCO1 2010 would consist of
determination of BP and 4MBP in two types of paperboard samples and that two
mixtures of 5 PI fortified at different concentration levels in solvent would be
included for quantitative determination of PI. The additional 3 PI - 4HBP, PBZ and
ITX - were chosen after consultation with NRLs via mails.

Each NRL was free to use its own methodology. Therefore this exercise was a
‘proficiency test’ and z-scores were assigned for each substance.

3. Scope

The scope of this ILC was to test the competence of the appointed NRLs to analyze
photoinitiators in paperboard and solvent

MIX1 and MIX2 were spiked at two concentration levels of PI corresponding to the
lowest and highest concentrations normally found in solvent after analysis of
commercial samples. For BP and 4MBP the lower concentrations are chosen in line
with the recent recommendations of the EFSA for limitation to 0.6 mg kg™ for the
sum of BP and 4MBP in paperboard as in plastics.

The assessment of the measurement results was undertaken on the basis of
requirements laid down in international standards and guidelines [1, 2, 9, 10]

4. Time frame

ILCO1 2010 was launched in April 2010. Invitation letters were sent to the
laboratories on 26™ April 2010 (Annex 1). Laboratories were invited to fill in a letter
of confirmation of their participation (Annex 2).

The samples were prepared in the end of April 2010. Homogeneity tests for solvent
and paperboard were run in the beginning of May. The results from homogeneity

-7-
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test were accepted as time zero for stability testing

The samples were dispatched to participants on 10" May 2010, together with a
letter accompanying the samples (Annex 3), detailed instructions for compilation of
the results in electronic format (Annex 5), a format for the compilation of results to
be eventually sent in non-electronic format (Annex 6) and electronic files where the
result should be inserted.

The participants were asked to fill in a letter of confirmation of the receipt of the
samples (Annex 4)

The deadline for reporting has been set to 1 July 2010.

5. Test material
5.1 Preparation

Preparation of the test material was done by the EURL-FCM.

After spiking and homogenization the solvent was dispensed in screw cap glass vials
of approximately 40 ml capacity.

Paperboard samples were A4 format but containing glossy and non-glossy parts.
Thorough homogeneity study showed that only glossy part contained PI at
homogeneous levels, while the non-glossy part was not homogeneous at all.
Therefore we cut the samples with dimensions 5 ¢cm x 5 c¢cm or 5 cm x 10 cm only
from the glossy parts of the A4 foils and re-ran the homogeneity test again at the
level of a portion of that surface (5 cm x 1 cm)

Exercise Name Sample

MIX1 1 screw cap vial of ACN (30ml) spiked at level 1

MIX2 1 screw cap vial of ACN (30ml) spiked at level 2

P&B1 10 pieces of 5 cm x 5 cm from paperboard 1 (for BP)

ILC 01 2010

P&B2 10 pieces of 10 cm x 5 cm from paperboard 2 (for 4MBP)

Spiked concentration levels in MIX1 and MIX2 shown in the following table:

MIX1 spiked MIX2 spiked concentrations,
concentrations, mg/kg mg/kg
BP 93.6 0.546
4MBP 0.669 87.5
ITX 32.3 1.22
PBZ 54.9 7.27
4HBP 3.29 68.4
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Each participant received additionally to the samples one kit of standard
substances (Table 1). First four substances were delivered as powder
whereas ITX was delivered as a solution (¢ (ITX in ACN) = 399.6 mg/L).

Tablel: Sample kit for ILCO1 2010

Standard CAS Provider Purity
BP benzophenone 119-61-9 Sigma-Aldrich 99.9%
4MBP 4-methylbenzophenone 134-84-9 Aldrich 99.9%
4HBP 4-hydroxybenzophenone 1137-42-4 Aldrich 99.2%
PBZ 4-benzoylbiphenyl 2128-93-0 Aldrich 99.8%
ITX 2-isopropylthioxanthone 5495-84-1 Sigma-Aldrich 99.8%

5.2 Homogeneity assessment

The samples were tested for homogeneity by the EURL laboratory.

Ten randomly selected test specimens for each sample (MIX1, MIX2, P&B1 and P&B2
at level 0.05 and 0.25 dm?) were analyzed in duplicate for all 5 PI.

Homogeneity was evaluated by the Prolab Software according to IUPAC International
Harmonized Protocol [10] and to the method proposed in the ISO 13528 [1]. The
results together with their statistical evaluation are given in Annex 7.

All test materials has shown sufficient homogeneity for the target standard deviation
shown in Annex 7.

5.3 Stability test

Randomly selected specimens for each sample (MIX1, MIX2, P&B1 and P&B2) were
stored at 3 different temperature conditions (+4°C, room temperature, +40°C). The
test samples were monitored for stability by the EURL laboratory, by mean of PI
determination, from the date of preparation over the period of 4 months long after
the data of closing the ILC02. The samples were analysed in duplicate altogether
seven times over the given time frame.

Stability was evaluated as described in ISO GUIDE 35:2006 [16].

The evaluation of data was carried out by performing a linear regression on the
determined concentrations of the measurand (mean values) vs time. For a stable
material it is expected that the intercept is (within uncertainty) equal to the assigned
value, whereas the slope does not differ significantly from zero.

Being the linear regression equation:

Y(BPA conc, mg/kg) = bO +b;1 X (time, weeks)

the slope is not significantly different from zero if the following requirement is

-9-
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respected;
61| < 20.95,0-2 -5 (£1)
where
b1 is the slope obtained from the linear regression,
to.05,n-2 is the Student’s t-factor for n-2 degrees of freedom and p = 0.95 (95%
level of confidence) and
s(b;) is the uncertainty associated with the slope.

This can be calculated as follows:

§

s(bq) =

n

;(Xf—)_{)z

The value of s (standard deviation of the time-points) can be obtained from:

n

2
Z(Y;—bo—bv\’f)

n-2

where n is the number of points of the linear regression.
The results together with their statistical evaluation are given in Annex 8.

It should be pointed out that no significant trend was observed for the test samples
at all temperature conditions (4°C, RT and +40°C) for the time of the ILC. It could
be concluded as well that the environment conditions of sample storage didn't
influence the stability of the samples within two months after their preparation.

5.4 Distribution

The sample kits were dispatched to the participants by the EURL-FCM on 10 May
2010. Each participant received a box containing:

a) the test materials — 2 solvent mix and 2 paperboards;

b) the reference substances - according to table 1;

C) an accompanying letter with instructions on sample handling (Annex 3);
d) instructions to the participant for reporting (Annex 5);

e) a form that had to be sent back after receipt of the sample to confirm its arrival
(cf. Annex 4) and

f) a form for reporting the result in non-electronic format (Annex 6)

-10 -
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6. Instructions to participants

Concrete instructions were given to all participants in a letter that accompanied the
samples (Annex 5).

Laboratories were asked to perform four replicate measurements and report them.
Participants were asked to follow their own procedures. The results were to be
reported using the unit of measure indicated in the instruction letter.

The results were to be reported in a special ProLab [5] software form (Table 2).

Table 2: ProLab software form for reporting of the result

I Entry of test results

Gt ‘ Open | Save | Protocol ‘ Help |

FCM EURL-NRL ILC 2010 PI

Sample code | Meazurand |Descriptinn |Unit |Date of analyzis | "J'alue‘|| WValue 2| WValue 3| WValue 4|
BF benzophenone ma-kg
10027 4MBP 4-methyl benzophenone  madkg
10027 4HEBF 4-hydrowybenzophenone  malkg
10027 PBZ 4-henzoylbiphernyl mgdka
10027 | T Z-zopropylthiosanthone madkg
20047 BF benzophenone ma- kg
20047 4MBP 4-methyl benzophenone  malkg
20047 4HEP 4-hpdrowybenzophenone  malkg
20047 PBZ 4-benzoylbiphenyl ma-kg
20047 | T Z-izopropylthiokanthone  malkg
30210 BF benzophenone ma/dm2
40138 4MBPF 4-methyl benzophenone  mgddma
| T |
Hint

Interlaboratory comparison [LCOT 2010 - Photoinitiatars in sokvent and paper and board

Lab code: LCOO38 MHumber of recards: 12 YW 31005

7. Assigned values and their uncertainties

As described earlier, the test materials used for this exercise were two solvent
mixtures prepared in the laboratory and two types of paperboards coming from
industrial source for the proficiency exercise.

The assigned value and its uncertainty were obtained after applying the robust
statistics to the participant’s test results.

-11 -
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8. Target standard deviation of the inter-laboratory
comparison (ILC)

The value o, determines the limits of satisfactory performance in ILC test. It should
be set as a value that reflects best practice for the analysis in question. The
standard deviation of the reproducibility found in the collaborative trials is generally
considered an appropriate indicator of the best agreement that can be obtained
between laboratories. However it is not applicable to all cases. In the absence of
appropriate collaborative trial data, o, could be derived from the appropriate form of
the modified Horwitz equation [2].

For all analytes/matrix combination in solvent samples of this ILC test the target
standard deviation was set to the calculated by Horwitz formula.

However, for the photo-initiators in paperboard, a target standard deviation of 15%
was chosen in order to be in compliance with the requirements for sufficient
homogeneity of the test materials (Annex 7).

9. Evaluation of results

9.1 General observations

There were thirty six participants from twenty-six countries to whom samples are
dispatched. Participants were the 25 NRL laboratories (two NRLs for France, NRL
Malta represented by NRL UK, Sweden and Romania without NRL represented) from
the network for FCM and some national control laboratories from Member States
especially Germany, Spain, France, Switzerland as a guests. They all received the
samples. The ILC was closed permanently at 8" of July for statistical interpretation.

Thirty-two laboratories submitted their results. As requested, most of the
laboratories reported four measurement replicate results for any analyte-material
combination.

From the EURL-NRL network 22 laboratories out of 25 reported results. 3 NRL
laboratories did not send any results.

9.2. Statistical evaluation of results

9.2.1. Determination of the consensus value and standard deviation of the
interlaboratory comparison.

Statistical evaluation of the results was performed using the ProLab software [5]
applying different algorithms for the determination of the consensus value and its
standard deviation according to ISO 13528 [1], DIN 38402 A 45 [7] and ISO/TS
20612 [8]. The three mainly used algorithms for robust statistic determination of the
consensus value - Q-median, Q/Huber-estimator and Q/Hampel estimator - gave
very close results. The choice was made on Hampel estimator (DIN 38402 A 45) as

-12 -
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one of the most robust, necessary especially when there is presence of many
outliers.

9.2.2. Identification of modes using kernel density plotting

Kernel density plots were additionally used to identify multi modality in the reported
values' distributions.

Frequently analytical results from a collaborative study are not normally distributed
or contain values from different populations giving rise to multiple distribution
modes. These modes can be visualised by using Kernel density plots [12, 13]. Kernel
density plots are computed by the ProLab software [5] from the analytical results by
representing the individual numeric values each as a normalised Gaussian
distribution centred on the respective analytical value. The sum of these normal
distributions forms then the Kernel density distribution.

9.2.3. Scores and evaluation criteria

Individual laboratory performance was expressed in terms of z in accordance with
ISO 13528! and the International Harmonised Protocol®

7= (Xlab - xassigned)
O-p
where
X lab is the measurement result reported by a participant
X assigned is the assighed value
O, is the target standard deviation for proficiency assessment

The z- scores can be interpreted as follow:

|z]| <2 satisfactory result
2<z|=3 questionable result
|z| >3 unsatisfactory result

The z-scores compared the participant's deviation from the assigned value with
target standard deviation accepted for the interlaboratory comparison o,

For results reported as "smaller than" (<-values), the reported value was not used

in any calculations and no evaluation of the measurement results was made. No
scores were given.

9.2.4. Mandel’s h- and k-statistics

Mandel's h-statistic and Mandel's k-statistic [11] present measures for graphically
surveying the consistency of the data. They are helpful for laboratory assessment.
For answering the questions if there are differences between the mean values of the

-13-
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laboratories, Mandel's h-statistic can be considered. In order to assess the variance
of each laboratory compared to the variances of the other laboratories, Mandel's k-
statistic is useful. Mandel’'s h- and k- values are calculated by ProLab software
following ISO 5275.

The examination of the plots of Mandel's h- and k-statistics may indicate that
specific laboratories exhibit patterns of results that are markedly different from the
others. This is indicated by (compared to the other laboratories) consistently high or
low variation and/or extreme (high or low) mean values.

Various patterns can appear in the plot of Mandel's h-statistic. All laboratories can
have both positive and negative values. Individual laboratories may tend to give
either all positive or all negative values. This is no unusual pattern, but it may
suggest that a common source of laboratory bias exists.

If one laboratory stands out on the k-statistic as having many large values, the
respective laboratory has a poorer repeatability precision than the other
laboratories. A laboratory could give rise to consistently small k-values because of
such factors as excessive rounding of its data or an insensitive measurement scale.

9.3 Laboratory results and scores

The results as reported by the participants were summarised in Table 3 (1-12)
together with the mean values and z-scores.

Three sets of figures were provided for each analyte/matrix combination in Fig 1 (1-
12). Each set included (a) individual laboratories values and their mean and
standard deviation, (b) the Kernel Density plot, (c) the z- scores.

Z -scores assessed the laboratory performance against the target standard
deviation, preliminary determined for the ILC. As mentioned before target standard
deviation for paperboard was set to 15% and those for solvent mix - to the
calculated by Horwitz equation.

In Fig. 2 Mandel's h- and Mandel's k-statistics are shown for each laboratory-
sample-combination grouped by measurand. Values differing statistically significant
from values of the other laboratories are marked in a different color: a red bar
indicates a value significant to the significance level of 1% while a yellow bar
indicates a value significant to the level of 5%.

10. Comments on results and conclusions

The participation of the laboratories was satisfactory with regards the numbers of
received results.

-14 -
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Table 3.a: Laboratories’ raw test results, their mean values and corresponding z-

score

FCM EURL-NRL ILC 2010 PI

Test results

Sample: solvent mix 1
Measurand: benzophenone
Method: DIN 38402 A45

Assigned value: 90.3 mg/kg (Empirical value)

Rel. target s.d.:

Rel. repeatability s.d.:

Limits of tolerance:

EURL

European Union Reference Laboratory
for Food Contact Materials

8.12% (Horw itz function)

Rel. reproducibility s.d.: 7.29%

1.11%

75.6 - 105.0 mg/kg (]Z-Score|<2.

Laboratory code M1 M 2 M3 M 4 M Zscore
LC0002 95.7 95.3 94.3 94.9 95.1 0.6
LC0003 69.9 717 69.9 69.4 70.2 -2.7
LC0005 85.4 89.6 88.0 87.5 87.6 -0.4
LC0006 75.8 80.4 77.1 77.8 77.8 -1.7
LC0010 86.8 87.2 87.7 88.4 87.5 -0.4
LC0011 98.4 93.3 92.3 90.4 93.6 0.4
LC0012 93.3 92.3 95.4 95.4 94.1 0.5
LC0013 82.0 82.1 83.0 86.9 83.5 -0.9
LC0017 90.7 87.4 97.0 89.1 91.0 0.1
LC0018 88.8 88.9 88.9 88.6 88.8 -0.2
LC0020 96.1 96.1 96.2 96.1 96.1 0.8
LC0021 91.9 92.6 92.5 92.7 92.4 0.3
LC0023 79.8 74.1 81.7 73.8 77.4 -1.8
LC0025 92.0 90.7 94.8 92.5 92.5 0.3
LC0027 94.3 94.8 96.3 96.0 95.4 0.7
LC0028 93.0 94.0 97.0 97.0 95.3 0.7
LC0029 94.4 94.1 94.6 94.3 94.4 0.6
LC0031 93.7 91.8 93.2 92.3 92.7 0.3
LC0033 70.1 67.1 68.7 68.6 68.6 -3.0
LC0034

LC0035 87.2 87.0 87.0 86.8 87.0 -0.4
LC0036 80.8 82.0 80.6 81.1 -1.2
LC0037 100.4 99.4 101.4 98.8 100.0 1.3
LC0038 94.1 94.0 94.0 94.1 0.5
LC0040 87.2 87.1 86.6 86.4 86.8 -0.5
LC0041 93.5 93.6 93.6 93.6 93.6 0.4
LC0044 91.7 90.8 924 90.3 91.3 0.1
LC0045 6.3 6.0 6.2 6.0 6.1 -115
LC0o047 58.9 58.7 60.9 61.1 59.9 -4.1
LC0049 94.1 93.9 94.3 94.1 94.1 0.5
LC0050 95.8 96.1 95.9 0.8
LC0051 98.0 96.9 95.0 95.8 96.4 0.8
LC0053 72.3 65.7 73.6 72.0 70.9 -2.6
LC0055 94.0 94.8 93.6 91.6 93.5 0.4
LC0056 91.9 89.1 90.2 93.3 91.1 0.1

-15-
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Table 3.b: Laboratories’ raw test results, their mean values and corresponding z-
score

FCM EURL-NRL ILC 2010 PI

Test results EUR!-

European Union Reference Laboratary
for Food Contact Materials

Sample: solvent mix 1 Rel. target s.d.: 16.87% (Horw itz function)
Measurand: 4-methyl benzophenone Rel. reproducibility s.d.: 19.21%
Method: DIN 38402 A45 Rel. repeatability s.d.:  2.29%
Assigned value: 0.702 mg/kg (Empirical value) Limits of tolerance: 0.460 - 0.940 mg/kg (|Z-Score| <
Laboratory code M1 M2 M 3 M4 M  Zscore
LC0002 0.760 0.770 0.770 0.780 0.770 0.577
LC0003 0.570 0.540 0.590 0.500 0.550 -1.281
LC0005 0.709 0.684 0.742 0.709 0.711 0.079
LC0006 0.660 0.560 0.610 0.610 0.610 -0.774
LC0010 0.601 0.625 0.633 0.636 0.624 -0.659
LC0011 0.910 0.809 0.784 0.909 0.853 1.278
LC0012 0.700 0.690 0.690 0.690 0.692 -0.078
LC0013 0.740 0.750 0.790 0.760 0.760 0.492
LC0017 0.780 0.750 0.880 0.960 0.843 1.189
LC0018 0.580 0.580 0.580 0.590 0.583 -1.007
LC0020 0.818 0.844 0.834 0.874 0.843 1.189
LC0021 0.700 0.500 0.700 0.700 0.650 -0.437
LC0023 0.550 0.540 0.530 0.550 0.543 -1.345
LC0025 0.741 0.732 0.764 0.743 0.745 0.366
LCo027 0.850 0.910 0.880 0.950 0.898 1.654
LC0028 <0.500 <0.500 <0.500 <0.500

LC0029 0.610 0.610 0.610 0.610 0.610 -0.774
LC0031 0.890 0.890 0.870 0.870 0.880 1.506
LC0033 0.000 0.000 0.000 0.000 0.000 -5.927
LC0034

LC0035 0.700 0.690 0.700 0.700 0.698 -0.035
LC0036 0.687 0.678 0.720 0.695 -0.057
LC0037 2.080 2.080 1.760 2.090 2.003 10.987
LC0038 0.691 0.691 0.688 0.690 -0.099
LC0040 0.490 0.520 0.490 0.490 0.498 -1.725
LC0041 0.673 0.673 0.673 0.672 0.673 -0.245
LC0044

LC0045 0.670 0.750 0.790 0.760 0.743 0.345
LC0047 0.220 0.200 0.220 0.220 0.215 -4.111
LC0049 0.750 0.750 0.750 0.750 0.750 0.408
LC0050 0.700 0.710 0.705 0.028
LC0051 0.780 0.770 0.780 0.780 0.778 0.640
LC0053

LC0055 0.670 0.690 0.670 0.670 0.675 -0.225
LC0056 0.693 0.671 0.708 0.729 0.700 -0.015
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Table 3.c: Laboratories’ raw test results, their mean values and corresponding z-
score

FCM EURL-NRL ILC 2010 PI

Test results E“RI-

Eurapean Union Reference Laboratory
for Food Contact Materials

Sample: solvent mix 1 Rel. target s.d.: 13.47% (Horw itz function)
Measurand: 4-hydroxybenzophenone Rel. reproducibility s.d.: 19.17%
Method: DIN 38402 A45 Rel. repeatability s.d.:  1.45%
Assigned value: 3.13 mg/kg (Empirical value) Limits of tolerance: 2.29-3.97mg/kg (|Z-Score|<2.
Laboratory code M1 M 2 M3 M 4 M Zscore
LC0002 0.00 0.00 0.00 0.00 0.00 -7.42
LC0003 2.20 2.23 2.24 2.28 2.24 -2.12
LC0005 2.82 2.72 2.86 2.86 2.81 -0.75
LC0006 3.47 2.85 3.17 3.16 3.16 0.08
LC0010 2.92 2.94 2.90 2.98 2.94 -0.46
LC0011 2.96 297 2.87 3.20 3.00 -0.32
LC0012 3.25 3.26 3.37 3.32 3.30 0.40
LC0013 3.29 3.19 3.16 2.99 3.16 0.06
LCo017 3.35 3.30 3.39 3.35 3.35 0.51
LC0018 2.27 2.27 2.27 2.28 2.27 -2.03
LC0020 3.47 3.48 3.50 3.50 3.49 0.85
LC0021 3.00 3.00 3.10 3.10 3.05 -0.19
LC0023 2.23 2.23 2.31 2.24 2.25 -2.08
LC0025 3.23 3.12 3.19 3.19 3.18 0.11
LCo027 2.94 3.59 3.50 3.52 3.39 0.61
LC0028 <0.50 <0.50 <0.50 <0.50

LC0029 3.63 3.63 3.61 3.61 3.62 1.16
LC0031 2.88 2.73 3.01 2.89 2.88 -0.60
LC0033 0.00 0.00 0.00 0.00 0.00 -7.42
LC0034

LC0035 3.26 3.27 3.28 3.27 3.27 0.33
LC0036 2.75 2.70 2.78 2.74 -0.92
LC0037 8.68 8.69 8.74 8.68 8.70 13.20
LC0038 3.15 3.14 3.13 3.14 0.02
LC0040 3.05 3.10 3.06 3.03 3.06 -0.17
LC0041 3.60 3.60 3.60 3.60 3.60 111
LC0044

LC0045 3.83 4.14 4.17 3.93 4.02 2.10
LC0047 4.88 4.89 5.25 5.03 5.01 4.46
LC0049 3.61 3.62 3.60 3.64 3.62 1.16
LC0050 3.25 3.32 3.29 0.37
LC0051 3.14 3.21 3.19 3.22 3.19 0.14
LC0053

LC0055 1.08 1.26 1.29 1.31 1.24 -4.49
LC0056 3.42 3.31 3.34 3.45 3.38 0.59
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Table 3.d: Laboratories’ raw test results, their mean values and corresponding z-
score

FCM EURL-NRL ILC 2010 PI

Test results EURI-

European Union Reference Laboratory
for Food Contact Materials

Sample: solvent mix 1 Rel. target s.d.: 8.85% (Horwitz function)
Measurand: 4-benzoylbiphenyl Rel. reproducibility s.d.: 10.97%
Method: DIN 38402 A45 Rel.repeatability s.d.:  1.96%
Assigned value: 51.0 mg/kg (Empirical value) Limits of tolerance: 42.0-60.1 mg/kg (]Z-Score|<2.
Laboratory code M1 M2 M 3 M4 M  Zscore
LC0002 41.3 42.2 41.2 411 415 -2.1
LC0003 41.6 41.8 41.3 41.9 41.7 -2.1
LCO0005 53.8 54.9 53.1 52.9 53.7 0.6
LC0006 43.6 421 45.2 43.6 43.6 -1.6
LC0010 51.9 52.0 52.4 52.7 52.2 0.3
LC0011 55.8 51.8 52.3 51.1 52.8 0.4
LC0012 54.5 53.9 56.0 56.0 55.1 0.9
LC0013 53.3 50.0 47.0 44.0 48.5 -0.6
LC0017 55.6 54.6 53.6 52.9 54.2 0.7
LC0018 51.6 51.6 51.6 51.6 51.6 0.1
LC0020 445 44.6 445 445 445 -1.4
LC0021 52.5 52.8 52.6 53.1 52.8 0.4
LC0023 45.2 47.2 43.8 442 45.1 -1.3
LC0025 54.0 52.8 55.6 53.9 54.1 0.7
LCo027 56.0 56.3 57.5 57.6 56.9 13
LC0028 39.0 38.0 39.0 41.0 39.3 -2.6
LC0029 55.5 55.6 55.6 55.7 55.6 1.0
LC0031 56.8 55.3 54.9 56.5 55.9 11
LC0033 34.9 36.5 335 34.6 34.9 -3.6
LC0034

LC0035 56.5 56.3 56.4 56.3 56.4 1.2
LC0036 45.7 455 44.2 45.1 -1.3
LC0037 46.8 46.1 52.5 50.9 49.1 -0.4
LC0038 52.9 52.7 52.7 52.8 0.4
LC0040 57.3 59.0 59.6 58.9 58.7 1.7
LC0041 55.5 55.4 55.3 55.4 55.4 1.0
LC0044 56.4 52.5 52.5 54.3 53.9 0.6
LC0045 40.4 39.0 37.2 36.0 38.2 -2.9
LC0047 50.3 52.2 48.8 51.9 50.8 -0.1
LC0049 59.6 59.5 59.6 59.6 59.6 19
LC0050 55.8 56.4 56.1 11
LC0051 51.8 53.8 53.2 54.0 53.2 0.5
LC0053 211 229 171 18.4 19.9 -6.9
LC0055 48.9 54.6 51.1 50.9 51.4 0.1
LC0056 53.0 51.5 52.1 53.9 52.6 0.3
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Table 3.e: Laboratories’ raw test results, their mean values and corresponding z-

score

FCM EURL-NRL ILC 2010 PI

Test results

Sample: solvent mix 1

Measurand:

Method: DIN 38402 A45

Assigned value: 30.9 mg/kg (Empirical value)

2-isopropylthioxanthone

Rel. target s.d.:

Rel. repeatability s.d.:

Limits of tolerance:

EURL

European Union Reference Laboratory
for Food Contact Materials

9.55% (Horwitz function)

Rel. reproducibility s.d.: 11.38%

1.59%

25.0-36.8mg/kg (]Z-Score|<2.

Laboratory code M1 M 2 M3 M 4 M  Zscore
LC0002 24.4 24.0 23.3 23.2 23.7 -2.4
LC0003 31.2 30.4 30.2 30.5 30.6 -0.1
LC0005 30.8 29.8 29.7 29.8 30.0 -0.3
LC0006 34.1 29.4 26.3 29.9 29.9 -0.3
LC0010 29.1 29.2 29.3 29.5 29.3 -0.6
LC0011 315 29.7 30.1 29.8 30.3 -0.2
LC0012 32.0 31.7 32.9 33.0 324 0.5
LC0013 39.4 34.8 35.5 32.6 35.6 1.6
LC0017 32.8 325 317 314 32.1 0.4
LC0018 32.8 32.8 32.8 32.7 32.8 0.6
LC0020 34.0 33.7 34.0 33.7 33.8 1.0
LC0021 34.6 34.8 34.6 35.0 34.8 1.3
LC0023 26.0 26.6 25.3 25.5 25.9 -1.7
LC0025 315 31.0 31.8 31.6 315 0.2
LC0027 31.9 32.1 32.7 32.7 324 0.5
LC0028 24.0 24.0 24.0 25.0 24.3 -2.3
LC0029 30.8 30.8 31.0 31.0 30.9 0.0
LC0031 32.7 33.0 32.7 33.3 329 0.7
LCO0033 17.5 17.9 16.0 18.5 17.5 -4.6
LC0034

LC0035 324 324 32.3 324 324 0.5
LCO0036 26.9 27.5 27.6 27.3 -1.2
LC0037 255 25.4 285 28.6 27.0 -1.3
LC0038 32.0 32.0 32.0 32.0 0.4
LC0040 21.8 20.9 21.9 21.2 215 -3.2
LC0041 322 32.2 21.2 32.2 29.5 -0.5
LC0044 30.5 28.9 27.6 28.5 28.9 -0.7
LC0045 111 10.8 10.6 10.2 10.7 -6.9
LC0047 32.9 34.2 334 34.6 33.8 1.0
LC0049 31.2 31.2 315 31.3 31.3 0.1
LC0050 32.0 325 32.3 0.5
LC0051 31.6 32.6 335 33.2 32.7 0.6
LCO053 39.5 36.8 38.2 38.5 38.3 2.5
LC0055 35.1 37.7 34.8 34.4 35.5 1.6
LC0056 31.2 30.3 30.6 31.7 30.9 0.0
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Table 3.f: Laboratories’ raw test results, their mean values and corresponding z-
score

FCM EURL-NRL ILC 2010 PI

Test results EURL

Eurcpean Unisn Refrrence Laboratory
for Food Contact Materials

Sample: solvent mix 2 Rel. target s.d.: 17.62% (Horw itz function)
Measurand: benzophenone Rel. reproducibility s.d.: 18.50%
Method: DIN 38402 A45 Rel. repeatability s.d.:  3.74%
Assigned value: 0.526 mg/kg (Empirical value) Limits of tolerance: 0.340- 0.710 mg/kg (]Z-Score| <
Laboratory code M1 M 2 M3 M 4 M Z score
LC0002 0.640 0.660 0.670 0.660 0.658 1.418
LC0003 0.460 0.410 0.440 0.450 0.440 -0.928
LC0005 0.464 0.488 0.515 0.501 0.492 -0.367
LC0006 0.500 0.560 0.530 0.530 0.530 0.043
LC0010 0.505 0.509 0.507 0.508 0.507 -0.204
LC0011 0.755 0.594 0.660 0.706 0.679 1.648
LC0012 0.540 0.540 0.550 0.570 0.550 0.259
LC0013 0.480 0.470 0.490 0.480 0.480 -0.497
LC0017 0.650 0.630 0.690 0.800 0.693 1.796
LC0018 0.550 0.540 0.550 0.550 0.548 0.232
LC0020 0.635 0.606 0.596 0.601 0.609 0.901
LC0021 0.400 0.500 0.400 0.400 0.425 -1.090
LC0023 0.420 0.420 0.410 0.420 0.418 -1.171
LC0025 0.547 0.528 0.544 0.548 0.542 0.170
LC0027 0.410 0.410 0.460 0.480 0.440 -0.928
LC0028 <0.500 <0.500 <0.500 <0.500

LC0029 0.450 0.450 0.450 0.450 0.450 -0.820
LC0031 0.530 0.540 0.540 0.530 0.535 0.097
LC0033 0.000 0.000 0.000 0.000 0.000 -5.675
LC0034

LC0035 0.530 0.530 0.530 0.530 0.530 0.043
LC0036 0.506 0.546 0.541 0.531 0.054
LC0037 19.380 19.230 19.050 20.340 19.500 204.701
LC0038 0.537 0.537 0.538 0.537 0.122
LC0040 0.400 0.390 0.360 0.360 0.378 -1.602
LC0041 0.507 0.507 0.506 0.507 0.507 -0.210
LC0044

LC0045 0.460 0.400 0.370 0.370 0.400 -1.360
LC0047 1.470 1.590 1.530 1.530 1.530 10.831
LC0049 0.570 0.570 0.570 0.570 0.570 0.474
LC0050 0.570 0.550 0.560 0.367
LC0051 0.580 0.560 0.560 0.560 0.565 0.420
LC0053 0.790 0.780 0.750 0.720 0.760 2.524
LC0055 0.480 0.500 0.500 0.500 0.495 -0.335
LC0056 0.503 0.530 0.558 0.573 0.541 0.160
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Table 3.g: Laboratories’ raw test results, their mean values and corresponding z-
score

FCM EURL-NRL ILC 2010 PI

Test results E“RI.

European Union Reference Laboratory
for Food Contact Materials

Sample: solvent mix 2 Rel. target s.d.: 8.18% (Horw itz function)
Measurand: 4-methyl benzophenone Rel. reproducibility s.d.: 7.84%
Method: DIN 38402 A45 Rel. repeatability s.d.:  1.02%
Assigned value: 85.9 mg/kg (Empirical value) Limits of tolerance: 71.8-99.9mg/kg (|Z-Score|<2.
Laboratory code M1 M 2 M3 M 4 M Z score
LC0002 83.6 85.8 83.2 83.5 84.0 -0.3
LC0003 67.6 70.0 68.2 68.2 68.5 -25
LC0005 83.7 92.2 86.6 88.1 87.6 0.3
LC0006 99.6 106.1 102.0 102.6 102.6 24
LC0010 79.9 80.3 80.7 81.2 80.5 -0.8
LC0011 86.7 83.8 82.2 82.5 83.8 -0.3
LC0012 85.5 85.6 87.3 87.5 86.5 0.1
LC0013 84.0 96.1 85.8 88.3 88.6 0.4
LC0017 89.3 86.1 85.7 85.9 86.8 0.1
LC0018 105.3 105.2 105.2 105.2 105.2 2.8
LC0020 88.8 88.7 88.7 88.6 88.7 0.4
LC0021 82.0 82.7 82.6 82.7 82.5 -0.5
LC0023 58.5 58.6 57.6 60.8 58.9 -3.8
LC0025 85.7 84.9 86.9 85.2 85.7 0.0
LC0027 88.3 87.7 88.0 87.8 88.0 0.3
LC0028 101.0 102.0 100.0 99.0 100.5 2.1
LC0029 88.6 88.6 88.7 88.8 88.7 0.4
LC0031 82.9 87.8 81.9 82.2 83.7 -0.3
LC0033 63.4 64.5 67.6 68.0 65.9 -2.8
LC0034

LC0035 83.0 83.2 83.6 83.4 83.3 -0.4
LC0036 78.8 79.6 70.5 76.3 -1.4
LC0037 89.9 91.4 93.3 95.9 92.6 1.0
LC0038 85.1 84.9 85.3 85.1 -0.1
LC0040 89.3 90.0 88.0 88.6 89.0 0.4
LC0041 84.6 84.6 84.7 84.7 84.7 -0.2
LC0044 87.4 79.9 91.4 78.2 84.2 -0.2
LC0045 31.2 335 32.8 33.1 32.7 -7.6
LC0047 30.3 30.0 28.9 29.1 29.6 -8.0
LC0049 87.6 87.6 87.4 87.5 87.5 0.2
LC0050 88.6 88.2 88.4 0.4
LC0051 86.5 87.1 86.5 87.3 86.8 0.1
LC0053 138.1 131.2 130.3 1315 132.8 6.7
LC0055 84.0 85.3 84.9 85.2 84.9 -0.1
LC0056 78.7 82,5 82.9 85.6 82.4 -0.5
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Table 3.h: Laboratories’ raw test results, their mean values and corresponding z-
score

FCM EURL-NRL ILC 2010 PI

Test results EURI.

Ewropean Unlon Reference Laboratory
for Food Contact Materials

Sample: solvent mix 2 Rel.target s.d.: 8.51% (Horwitz function)
Measurand: 4-hydroxybenzophenone Rel. reproducibility s.d.: 9.80%
Method: DIN 38402 A45 Rel.repeatability s.d.:  1.60%
Assigned value: 66.3 mg/kg (Empirical value) Limits of tolerance: 55.0- 77.6 mg/kg (]Z-Score|<2.
Laboratory code M1 M 2 M3 M 4 M  Zscore
LC0002 0.0 0.0 0.0 0.0 0.0 -11.8
LC0003 53.9 61.4 64.0 64.1 60.9 -1.0
LC0005 67.9 55.5 70.9 69.5 65.9 -0.1
LC0006 86.6 93.9 95.4 92.0 92.0 4.6
LC0010 62.8 63.2 63.6 64.0 63.4 -0.5
LC0011 70.3 62.9 67.6 64.1 66.2 0.0
LC0012 66.9 67.0 68.5 68.6 67.7 0.3
LC0013 61.0 67.0 62.3 62.9 63.3 -0.5
LCo017 68.5 67.4 67.9 68.6 68.1 0.3
LC0018 62.7 62.6 62.7 62.7 62.7 -0.6
LC0020 69.9 69.8 69.9 69.6 69.8 0.6
LC0021 65.5 66.4 66.4 65.9 66.1 0.0
LC0023 52.5 52.7 50.4 52.3 52.0 -25
LC0025 66.9 65.8 66.3 66.7 66.4 0.0
LC0027 69.8 69.1 69.6 69.5 69.5 0.6
LC0028 64.0 75.0 79.0 72.0 725 11
LC0029 69.7 69.9 69.9 70.1 69.9 0.6
LC0031 66.4 64.7 61.9 62.6 63.9 -0.4
LC0033 54.6 53.8 59.2 59.8 56.9 -1.7
LC0034

LC0035 67.3 67.6 68.0 67.7 67.6 0.2
LC0036 55.9 58.8 54.2 56.3 -1.8
LC0037 49.0 36.6 43.6 411 425 -4.2
LC0038 64.6 64.3 64.5 64.5 -0.3
LC0040 68.3 71.1 69.3 70.4 69.8 0.6
LC0041 65.2 65.2 65.2 65.2 65.2 -0.2
LC0044 67.3 63.7 69.3 60.1 65.1 -0.2
LC0045 39 3.9 6.1 51 4.8 -10.9
LC0047 775 76.3 78.6 76.5 77.2 1.9
LC0049 731 73.2 73.4 73.3 73.3 1.2
LC0050 69.8 70.5 70.1 0.7
LC0051 64.9 65.1 65.5 65.1 65.1 -0.2
LC0053 724 72.3 69.8 724 71.7 1.0
LC0055 64.7 66.3 68.0 66.4 66.3 0.0
LC0056 66.1 69.5 70.1 724 69.5 0.6
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Table 3.i: Laboratories’ raw test results, their mean values and corresponding z-
score

FCM EURL-NRL ILC 2010 PI

Test results E“RI.

Eurapean Union Reference Laboratory
for Food Contact Materials

Sample: solvent mix 2 Rel. target s.d.: 11.98% (Horw itz function)
Measurand: 4-benzoylbiphenyl Rel. reproducibility s.d.: 16.63%
Method: DIN 38402 A45 Rel. repeatability s.d.:  1.54%
Assigned value: 6.82 mg/kg (Empirical value) Limits of tolerance: 5.18 - 8.45mg/kg (]Z-Score|<2.
Laboratory code M1 M 2 M3 M4 M  Zscore
LC0002 8.40 8.20 8.10 7.30 8.00 1.45
LC0003 5.38 5.84 5.42 5.73 5.59 -1.50
LC0005 6.46 6.19 6.75 6.52 6.48 -0.41
LC0006 8.16 7.67 7.44 7.76 7.76 1.15
LC0010 7.05 6.93 7.24 7.15 7.09 0.34
LC0011 7.01 6.89 6.74 6.63 6.82 0.00
LC0012 7.19 7.18 7.32 7.33 7.26 0.53
LC0013 6.09 6.54 6.06 6.22 6.23 -0.72
LC0017 7.44 7.68 7.27 7.41 7.45 0.77
LC0018 6.18 6.17 6.18 6.18 6.18 -0.78
LC0020 5.56 5.58 5.48 5.48 5.53 -1.58
LC0021 7.00 7.10 7.00 7.10 7.05 0.28
LC0023 5.55 5.58 5.61 5.57 5.58 -1.52
LC0025 7.09 6.85 7.22 7.07 7.06 0.29
LC0027 7.34 7.34 7.39 7.49 7.39 0.70
LC0028 3.80 3.70 3.80 3.80 3.78 -3.72
LC0029 7.38 7.39 7.39 7.39 7.39 0.70
LC0031 7.32 7.17 7.13 7.22 7.21 0.48
LC0033 6.45 4.55 6.36 6.46 5.96 -1.06
LC0034

LC0035 7.91 7.91 7.94 7.92 7.92 1.35
LC0036 471 4.93 4,74 4.79 -2.48
LC0037 8.28 8.10 7.60 8.10 8.02 1.47
LC0038 7.08 7.07 7.06 7.07 0.31
LC0040 6.60 6.90 6.70 6.70 6.73 -0.11
LC0041 7.14 7.14 7.14 7.15 7.14 0.40
LC0044 6.30 5.60 7.00 5.60 6.13 -0.85
LC0045 4.47 4.38 4.48 4.87 4.55 -2.78
LC0047 22.56 22.49 22.06 21.91 22.26 18.89
LC0049 7.91 7.92 7.93 7.92 7.92 1.35
LC0050 7.52 7.55 7.54 0.88
LC0051 6.92 7.05 7.05 7.13 7.04 0.27
LCO0053 1.97 1.58 1.84 1.97 1.84 -6.09
LC0055 9.72 9.67 9.71 9.67 9.69 3.52
LC0056 6.62 6.94 6.98 7.21 6.94 0.15
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Table 3.j: Laboratories’ raw test results, their mean values and corresponding z-

score

FCM EURL-NRL ILC 2010 PI

Test results

Sample: solvent mix 2

Measurand:

Method: DIN 38402 A45

Assigned value: 1.15 mg/kg (Empirical value)

2-isopropylthioxanthone

Rel. target s.d.:

Rel. repeatability s.d.:

Limits of tolerance:

EURL

Ewropean Union Reference Laboratory
for Food Contact Materials

15.67% (Horw itz function)

Rel. reproducibility s.d.: 16.20%

2.00%
0.79-1.51mg/kg (]Z-Score|<2.

Laboratory code M1 M 2 M3 M 4 M Z score
LC0002 1.80 1.80 1.90 1.80 1.83 3.75
LC0003 1.08 111 1.15 1.11 1.11 -0.20
LC0005 1.13 1.18 1.20 1.16 1.17 0.09
LC0006 1.60 1.79 1.70 1.70 1.70 3.05
LC0010 1.12 111 112 1.13 1.12 -0.17
LC0011 1.47 1.29 1.27 1.33 1.34 1.05
LC0012 121 1.22 1.02 124 1.17 0.13
LC0013 1.21 1.15 121 121 1.19 0.25
LC0017 1.24 1.23 1.24 124 1.24 0.49
LC0018 0.91 0.92 0.91 0.92 0.92 -1.30
LC0020 1.28 1.29 1.27 127 1.28 0.72
LC0021 1.50 1.30 1.20 1.40 1.35 1.12
LC0023 0.90 0.89 0.90 0.90 0.90 -1.40
LC0025 1.17 1.17 1.19 1.18 1.18 0.15
LC0027 1.14 1.14 1.17 1.19 1.16 0.06
LC0028 0.60 0.60 0.60 0.60 0.60 -3.05
LC0029 1.17 1.17 1.17 1.17 1.17 0.12
LC0031 1.22 121 121 121 121 0.35
LC0033 0.00 0.00 0.00 0.00 0.00 -6.38
LC0034

LC0035 1.26 1.26 1.26 1.26 1.26 0.62
LC0036 0.93 0.94 0.91 0.93 -1.23
LC0037 3.38 3.37 3.35 341 3.38 12.38
LC0038 1.21 121 1.20 121 0.32
LC0040 1.26 1.23 1.23 121 1.23 0.46
LC0041 1.17 1.17 1.17 1.17 117 0.12
LC0044 0.90 0.80 0.50 0.70 0.73 -2.36
LC0045 0.85 0.83 0.79 0.78 0.81 -1.87
LC0047 2.90 3.05 2.90 3.02 2.97 10.10
LC0049 1.23 1.23 1.23 1.23 1.23 0.45
LC0050 1.27 1.22 1.25 0.53
LC0051 1.23 1.26 1.23 1.26 1.25 0.53
LC0053 0.79 0.71 0.75 0.75 0.75 -2.22
LC0055 1.92 1.87 1.92 1.93 191 4.23
LC0056 111 1.15 1.17 121 1.16 0.06
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Table 3.k: Laboratories’ raw test results, their mean values and corresponding z-
score

FCM EURL-NRL ILC 2010 PI

Test results EURL

Eurapean Unies Reference Laboratory
for Food Contact Materials

Sample: BP board Rel. target s.d.: 12.87% (Horwitz function)
Measurand: benzophenone Rel.reproducibility s.d.: 24.48%
Method: DIN 38402 A45 Rel.repeatability s.d.:  4.08%
Assigned value: 4.23 mg/dm2 (Empirical value) Limits of tolerance: 3.14-532mg/dm2 (|Z-Score| <
Laboratory code M1 M2 M3 M4 M  Zscore
LC0002 1.72 1.65 1.66 1.72 1.69 -4.67
LC0003 3.97 3.54 3.88 3.83 3.81 -0.78
LC0005 4.37 4.37 4.30 4.62 4.41 0.33
LC0006 3.36 3.51 3.52 3.46 3.46 -1.41
LC0010 4.09 4.11 4.40 4.42 4.25 0.04
LC0011 4.36 4.46 4.41 4.41 0.33
LC0012 4.74 4.43 4.55 4.33 4.51 0.51
LC0013 3.18 3.61 3.61 3.40 3.45 -1.44
LC0017 4.49 4.51 4.77 4.61 4.60 0.67
LC0018 4.96 4.56 5.39 4.80 4.93 1.28
LC0020 441 4.39 4.37 4.30 4.37 0.25
LC0021 4.10 4.10 3.80 3.90 3.97 -0.47
LC0023 141.00 147.00 149.00 150.00 146.75 261.55
LC0025 4.84 4.80 4.95 4.86 4.86 1.16
LC0027 3.99 413 4.06 -0.32
LC0028 3.80 4.00 4.00 4.10 3.97 -0.47
LC0029 5.00 4.82 4,99 5.05 4.97 1.34
LC0031 8.30 7.90 6.20 6.40 7.20 5.45
LC0033 0.51 0.55 0.50 0.55 0.53 -6.80
LC0034

LC0035 4.06 4.17 3.97 4.16 4.09 -0.26
LC0036 4.39 4.70 4.43 4.56 4,52 0.53
LC0037 581.52 506.96 635.44 552.24 569.04 1036.53
LC0038 4.33 4.21 4.31 4.28 0.09
LC0040 4.00 4.24 4.09 4.19 4.13 -0.19
LC0041 4.56 4.75 4,73 4.40 461 0.69
LC0044 4.10 4.80 4.60 4.60 452 0.54
LC0045 63.20 56.40 50.80 55.20 56.40 95.74
LC0047 2.36 2.29 2.06 2.30 2.25 -3.63
LC0049 5.44 5.41 5.27 5.28 5.35 2.05
LC0050 2.18 2.23 221 -3.72
LC0051 454 4.33 4.74 4.34 4.49 0.47
LC0053 7.68 7.28 6.90 7.68 7.39 5.79
LC0055 4.17 3.96 411 4.15 4.10 -0.25
LC0056 218.15 220.98 202.40 219.11 215.16 387.09
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Table 3.l: Laboratories’ raw test results, their mean values and corresponding z-

score

FCM EURL-NRL ILC 2010 PI

Test results

Sample: 4MBP board
Measurand: 4-methyl benzophenone
Method: DIN 38402 A45

Assigned value: 578 mg/dm2 (Empirical value)

Rel.target s.d.:

EURL

[European Union Reference Laboratary
for Food Contact Materials

12.29% (Horw itz function)

Rel. reproducibility s.d.: 19.24%

Rel. repeatability s.d.:

Limits of tolerance:

3.68%
4.36 - 7.20mg/dm2 (|Z-Score| <

Laboratory code M1 M2 M3 M4 M  Zscore
LC0002 1.85 1.76 1.83 1.86 1.83 -5.57
LC0003 5.10 5.07 5.22 5.24 5.16 -0.88
LC0005 6.06 5.98 5.61 5.51 5.79 0.02
LC0006 5.92 6.49 6.78 6.39 6.40 0.87
LC0010 5.30 5.33 5.14 5.27 5.26 -0.73
LCo011 5.87 5.84 5.79 5.68 5.80 0.02
LC0012 5.53 5.93 5.85 5.74 5.76 -0.02
LC0013 6.75 6.65 6.32 6.13 6.46 0.96
LC0017 6.00 6.21 6.34 6.04 6.15 0.52
LC0018 6.58 6.83 6.38 6.82 6.65 1.23
LC0020 5.84 5.82 5.80 5.62 5.77 -0.01
LC0021 4.70 5.30 4.50 4.50 4.75 -1.45
LC0023 162.00 169.00 175.00 169.00 168.75 229.55
LC0025 6.39 6.60 6.29 6.60 6.47 0.97
Lcoo27 5.73 6.26 6.00 0.30
LC0028 5.20 6.40 6.60 6.10 6.08 0.42
LC0029 6.59 6.41 6.40 6.19 6.40 0.87
LC0031 5.50 5.30 6.30 6.40 5.88 0.14
LC0033 1.39 1.40 1.38 1.39 1.39 -6.18
LC0034

LC0035 5.38 5.34 5.42 5.67 5.45 -0.46
LC0036 7.30 7.02 6.79 6.80 6.98 1.69
LC0037 624.80 594.20 676.02 617.39 628.10 876.56
LC0038 5.78 591 5.78 5.82 0.06
LC0040 6.10 6.47 6.18 6.28 6.26 0.67
LC0041 6.26 6.28 6.47 6.18 6.30 0.73
LC0044 6.60 7.00 6.20 6.20 6.50 1.02
LC0045 471.00 512.00 363.00 412.00 439.50 610.91
Lcoo47 531 5.12 5.10 461 5.04 -1.05
LC0049 5.52 5.38 5.35 5.42 5.42 -0.51
LC0050 2.60 2.70 2.65 -4.41
LC0051 5.17 6.07 5.61 5.70 5.64 -0.20
LC0053 10.80 11.70 10.50 11.40 11.10 7.49
LC0055 5.54 5.36 5.47 5.34 5.43 -0.50
LC0056 260.98 279.58 264.90 279.97 271.36 374.08
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EURL — Food Contact Material. ILC on PI paperboard and solvent

Figure 1-1: Summary graphs of the laboratory’s test results with their repeatability
SD (a), Kernel Density plot (b) and z’-scores (c)

Sample: solvent mix 1 Assigned value: 90.29 mg/ kg (Empirical value)
Measurand: benzophenone Rel. target s.d.: 8.12% (Horwitz function)
Method: DIN 38402 A45 Rel. reproducibility s.d.: 7.29%
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EURL — Food Contact Material. ILC on PI paperboard and solvent

Figure 1-2: Summary graphs of the laboratory’s test results with their repeatability
SD (a), Kernel Density plot (b) and z’-scores (c)

Sample: solvent mix 1 Assigned value: 0.70 mg/ kg (Empirical value)
Measurand: 4-methyl benzophenone Rel. target s.d.: 16.87% (Horwitz function)
Method: DIN 38402 A45 Rel. reproducibility s.d.: 19.21%
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EURL — Food Contact Material. ILC on PI paperboard and solvent

Figure 1-3: Summary graphs of the laboratory’s test results with their repeatability
SD (a), Kernel Density plot (b) and z’-scores (c)

Sample: solvent mix 1 Assigned value: 3.13 mg/ kg (Empirical value)
Measurand: 4-hydroxybenzophenone Rel. target s.d.: 13.47% (Horwitz function)
Method: DIN 38402 A45 Rel. reproducibility s.d.: 19.17%
Reference value: 3.29 mg/ kg Limits of tolerance: 2.29 -3.97 mg/ kg (|Z-Score| < 2.00)
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EURL — Food Contact Material. ILC on PI paperboard and solvent

Figure 1-4: Summary graphs of the laboratory’s test results with their repeatability
SD (a), Kernel Density plot (b) and z-scores (c)

Sample: solvent mix 1 Assigned value: 51.05 mg/ kg (Empirical value)
Measurand: 4-benzoylbiphenyl Rel. target s.d.: 8.85% (Horwitz function) W
Method: DIN 38402 A45 Rel. reproducibility s.d.: 10.97% 6@
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EURL — Food Contact Material. ILC on PI paperboard and solvent

Figure 1-5: Summary graphs of the laboratory’s test results with their repeatability
SD (@), Kernel Density plot (b) and z-scores (c)

Sample: solvent mix 1 Assigned value: 30.91 mg/ kg (Empirical value)
Measurand: 2-isopropylthioxanthone Rel. target s.d.: 9.55% (Horwitz function)
Method: DIN 38402 A45 Rel. reproducibility s.d.: 11.38% W
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EURL — Food Contact Material. ILC on PI paperboard and solvent

Figure 1-6: Summary graphs of the laboratory’s test results with their repeatability
SD (a), Kernel Density plot (b) and z-scores (c)

Sample: solvent mix 2 Assigned value: 0.53 mg/ kg (Empirical value)
Measurand: benzophenone Rel. target s.d.: 17.62% (Horwitz function)
Method: DIN 38402 A45 Rel. reproducibility s.d.: 18.50%
Reference value: 0.55 mg/kg Limits of tolerance: 0.34-0.71 mg/ kg (jZ-Score| < 2.00)
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EURL — Food Contact Material. ILC on PI paperboard and solvent

Figure 1-7: Summary graphs of the laboratory’s test results with their repeatability
SD (@), Kernel Density plot (b) and z-scores (c)

Sample: solvent mix 2 Assigned value: 85.88 mg/ kg (Empirical value)
Measurand: 4-methyl benzophenone Rel. target s.d.: 8.18% (Horwitz function)
Method: DIN 38402 A45 Rel. reproducibility s.d.: 7.84%
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EURL — Food Contact Material. ILC on PI paperboard and solvent

Figure 1-8: Summary graphs of the laboratory’s test results with their repeatability
SD (a), Kernel Density plot (b) and z-scores (c)

Sample: solvent mix 2 Assigned value: 66.28 mg/ kg (Empirical value)
Measurand: 4-hydroxybenzophenone Rel. target s.d 8.51% (Horwitz function)
Method: DIN 38402 A45 Rel. reproducibility s.d.: 9.80%
Reference value: 68.40 mg/ ki Limits of tolerance: 55.00 - 77.56 mg/ kg _(|Z-Score| < 2.00)
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Figure 1-9: Summary graphs of the laboratory’s test results with their repeatability
SD (@), Kernel Density plot (b) and z-scores (c)

Sample: solvent mix 2 Assigned value: 6.82 mg/ kg (Empirical value)
Measurand: 4-benzoylbiphenyl Rel. target s.d.: 11.98% (Horwitz function)
Method: DIN 38402 A45 Rel. reproducibility s.d.: 16.63%
Reference value: 7.27 mg/kg Limits of tolerance: 5.18 - 8.45 mg/ kg (|Z-Score| < 2.00)
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Figure 1-10: Summary graphs of the laboratory’s test results with their
repeatability SD (a), Kernel Density plot (b) and z-scores (c)
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Figure 1-11: Summary graphs of the laboratory’s test results with their
repeatability SD (a), Kernel Density plot (b) and z-scores (c)

Sample: BP board Assigned value: 4.23 mg/ dm2 (Empirical value)
Measurand: benzophenone Rel. target s.d.: 12.87% (Horwitz function)
Method: DIN 38402 A45 Rel. reproducibility s.d.: 24.48%
Reference value: 4.50 mg/ dm2 Limits of tolerance: 3.14 -5.32 mg/dm2_ (jZ-Score| < 2.00) 570
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Figure 1-12: Summary graphs of the laboratory’s test results with their
repeatability SD (a), Kernel Density plot (b) and z-scores (c)

Sample: 4MBP board Assigned value: 5.78 mg/ dm2 (Empirical value)
Measurand: 4-methyl benzophenone Rel. target s.d.: 12.29% (Horwitz function)
Method: DIN 38402 A45 Rel. reproducibility s.d.: 19.24%
Reference value: 5.80 dm2 Limits of tolerance: 4.36 - 7.20 mg/ dm2_ (|Z-Score| < 2.00)
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Mandel h-statistics for PI in solvent mix and paperboard

Figure 2-1

Mandel's h statistics for benzophenone
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Mandel's h statistics for 4-methyl benzophenone
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Mandel's h statistics for 4-hydroxybenzophenone
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Mandel's h statistics for 4-benzoylbiphenyl
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Mandel's h statistics for 2-isopropylthioxanthone
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Mandel k-statistics for PI in solvent mix and paperboard

Figure 2-2

Mandel's k statistics for benzophenone
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Mandel's k statistics for 4-methyl benzophenone
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* for 1% significant level the indicative Mandel’s h value is 2.43 and k-value ( for n=4 replicates) is
1.90. Laboratories with higher values are marked in red

* for 5% significant level the indicative Mandel’s h value is 1.90 and k-value ( for n=4 replicates) is
1.60. Laboratories with higher values are marked in yellow

** The legend next to the figure explains the sequence of the bars for each laboratory, i.e. the first
entry in the legend coincides with the bar at the farthest-left (for one laboratory), while the last legend
entry coincides with the bar on the farthest-right (for one laboratory).

Summary of the of robust mean and robust reproducibility standard deviation
calculated according to Hampel algorithm (ISO 20612:2007 and DIN 38402 A45) by
ProLab software as well as assigned values and target standard deviation of the ILC,
reference values and its uncertainty are given in Table 3.

Table 4: Table of robust mean and robust SD calculated according to Hampel
algorithm (ISO 20612:2007 and DIN 38402 A45)

DIN
Sample Measurand | Mean value Reference value Mode Repeat. s.d. Rel. Repeat. SD| Reprod. s.d. Reprod. s.d. Targets.d. Mode
mg/kg mg/kg Kernel mg/kg % mg/kg % %
MIX1 4HBP 3.13 3.29 3.21 0.05 1.51 0.63 19.2 13.4 kH
MIX1 4MBP 0.700 0.669 0.71 0.02 2.34 0.13 19.2 17.0 kH
MIX1 BP 90.3 93.6 92.62 1.06 1.18 6.82 7.3 8.1 kH
MIX1 ITX 30.9 32.3 31.9 0.52 1.68 3.68 11.4 9.5 kH
MIX1 PBZ 51.1 54.9 53.86 1.09 2.13 6.02 11.0 8.8 kH
MIX2 4HBP 66.3 68.4 67.1 1.15 1.73 6.70 9.8 8.5 kH
MIX2 4MBP 85.9 87.5 85.8 0.92 1.07 6.86 7.8 8.2 kH
MIX2 BP 0.524 0.546 0.52 0.02 3.77 0.10 18.5 17.5 kH
MIX2 ITX 1.15 1.22 1.2 0.02 1.99 0.20 16.2 5.5 kH
MIX2 PBZ 6.82 7.27 7.13 0.11 1.55 1.21 16.6 11.9 kH
mg/dm2 mg/dm2
P&B1 BP 4.23 0.17 3.92 0.00 24.5 15.0 M
P&B2 4MBP 5.78 0.21 3.64 0.00 19.2 15.0 M

Relative reproducibility SD complies with the Target
Relative reproducibility SD is slightly higher then the Target
Relative reproducibility SD is higher then the Target
Relative reproducibility SD is much above the Target

It should be mentioned that the robust mean derived from the results, taken as
assigned values coincides well with the reference values for almost all measurand-
matrix combination in solvent samples. The difference between X mean — X ref Was less
then twice its standard uncertainty for all the measurand-matrix combination in oil
samples.

1,235")?
(( ) +UX2)1/2

Where

Uy is the uncertainty of the reference value ( e.g. uncertainty of the robust mean);
s* is the robust standard deviation;
p is the number of participating laboratories
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In the cases where the difference between the robust mean values and reference
values based on formulation is greatest, but still not significant, the Kernel density
mode value, shown on the figure 1b (Kernel density plot) is closer to the reference
one ( e.g for BPZ and ITX in both samples)

More attention should be paid on the robust standard deviation for 4HBP and PBZ in
the solvent mixes with lower concentration level, where the robust SD is up to 40-
44%°% higher then expected from Horwitz value, as well as for PI in paperboard
where Horrat > 1.5 for BP. In the first case improvement could be reached after
attempt for lowering the LOD for those compounds, whereas in the second case
attention should be paid when calculating the PI content in mg/dm? units.

Mandel statistics grouped by measurand were represented in Figure 2. As
mentioned before it evaluated the performance of each laboratory against the
overall performance of all laboratories not only regarding mean values, but
repeatability as well. “Outliers” considering mean values and repeatability SD were
assessed for 1% significance level (in yellow on figure 2) and for 5% significance
level (in red in Fig.2).

Mandel h statistic should be considered carefully as Mandel h value < 1.9 resulting in
blue bars not always means “good” results. When two or more labs have very
different results from the “assigned value” but there is a third lab with n-fold much
different result, then the Mandel h values of the first two would be < 1.9 (blue bars).

That is the case with BP paperboard where the bars for labs LC0023 and LC0056 are
blue (Mandel h less then 1.9) nevertheless their z-scores are between 260 and 380.
That is due to the fact that there is a lab with much higher value - z-score more
than 1000, which truncate the higher results of labs LC0023 and LC0056.

Most frequent pattern for Mandel h-statistic for BP in the three samples is that the h-
value for MIX1 (with the lowest BP concentration) is slightly positive, whether the
other two h-values for MIX2 and P&B1 are slightly negative. That is a common
pattern and does not mean a systematic error. Lab LC0037 has a systematic error as
the three h-values are positive and very high.

Considering the z scores, the overall participation was evaluated as satisfactory.
Summary of the results as z-scores reported in table 5 and figure 3 showed good
performance with more then 75% successful results by the laboratories for most of
the measurand-matrix combination. For paperboard samples the overall
performance of the laboratories is slightly lower with 71% successful results for BP
as well as for 4MBP. The difference in laboratory performance came most probably
from the error introduced by the calculation of the content from mg/kg to mg/dm?.

15 laboratories had 100% successful results and for only 9 labs less than 75% of the
results were satisfactory.

The Youden plot displays a combined graphic of the results of two measurand-matrix
combinations. Such a presentation allowed identifying systematic effects in the
laboratory-specific deviations. It gave an immediate idea of the dominating sources
of error in the results. Laboratories having results in the upper left or lower right
hand corner of the diagram had analyses dominated by random error. Alternatively,
laboratories having results close to the 45° line shown in the plot but far away from
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the assigned value had results dominated by systematic error.

Figure 4a represents the Youden plots for each measurand in both solvent mixes -
MIX1 and MIX2 in a scale of +/- z=13. Figure 4b shows the same plots however
together for all PI in both scales z==/- 13 and cut up to z= =/- 5. The comparison is
done for both similar acetonitrile solutions. Determination of PI in paperboard is not
considered as there is strong error in some of the participant due eventually to the
errors in recalculating of the PI content in mg/dm?.

Youden plots presented on Figure 4a show no correlations between the results in
both solvent MIX1 and MIX2 as the correlation coefficient is lower than 0.6.

It could be easily concluded that dominating systematic error could be found in the
results of laboratories GLC0033 for BP, GLC0047 and GLC0032 for 4MBP, GLC0002
for 4HBP, LC0053 for PBZ and GLCO0033 for ITX whereas from random errors
suffered the results of lab GLC045 for almost all compounds, GLC0006 and GLC0033
for 4HPB, GLC047 for BP and ITX, GLC0047 for BP.

Figure 5 represents the overall z’-score distribution for all the 400 measurand-
matrix-laboratory combinations for 4 measurands, 4 samples and 34 laboratories’.
Figure 6 represents them in histogram like Kernel density plot and normal
distribution plot - showing its real normal distribution. Only 92.5% of the results fall
down in the z<6 range, which is due to the large outliers for BP and 4MBP in
paperboard.

As a conclusion of the ILC exercise on the quantification of photoinitiators in the
paperboard and the solvent, this ILC showed that:

= The participation in the ILC was satisfactory regarding the number of the
participating labs. Thirty-two laboratories submitted their results. From the
EURL-NRL network 22 laboratories out of 25 reported results. 3 NRLs
laboratories did not send any results.

= For the network of NRL-FCM the outcome from the participation could be

regarded as satisfactory as there are about 84% satisfactory results (262 out
of 312) and only 3 NRLs did not participated out of 25.
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Summary of z -scores

Figure 3
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Table 5: Summary of z -scores

MIX1/ | MIX1/

MIX1/

MIX1/

MIX1/

MIX2/

MIX2/

MIX2/

MIX2/

MIX2/

P&B1/

P&B2/

LB BP amBpP | 4HBP | PBZ ITX BP amBp | 4HBP | PBZ ITX BP ampp | Successful i
GLC0002 0.65 0.58 -7.42 -2.12 -2.43 1.42 -0.26 -11.75 1.45 3.75 -4.67 -5.57 5 42
GLC0021 0.29 -0.44 -0.19 0.38 1.3 -1.09 -0.48 -0.04 0.28 1.12 -0.47 -1.45 12 100
GLC0023 -1.76 -1.34 -2.08 -1.32 -1.71 -1.17 -3.84 -2.54 -1.52 -1.4 261.5 229 7 58
GLC0027 0.69 1.65 0.61 1.28 0.49 -0.93 0.29 0.57 0.7 0.06 -0.32 0.3 12 100
GLC0033 -2.95 -5.93 -7.42 -3.58 -4.55 -5.68 -2.85 Sil (577 -1.06 -6.38 -6.8 -6.18 2 17
GLCO0035 -0.45 -0.04 0.33 1.18 0.49 0.04 -0.37 0.24 1.35 0.62 -0.26 -0.46 12 100
GLC0045 -11.47 0.34 2.1 -2.85 -6.86 -1.36 -7.57 -10.91 -2.78 -1.87 95.74 610 25
GLC0047 -4.14 -4.11 4.46 -0.06 0.97 10.83 -8.01 1.94 18.89 10.1 -3.63 -1.05 4 33
LC0003 -2.74 -1.28 -2.12 -2.08 -0.11 -0.93 -2.47 -0.96 -1.5 -0.2 -0.78 -0.88 8 67
LC0005 -0.36 0.08 -0.75 0.59 -0.3 -0.37 0.25 -0.06 -0.41 0.09 0.33 0.02 12 100
LC0006 -1.71 -0.77 0.08 -1.64 -0.33 0.04 2.37 4.56 1.15 3.05 -1.41 0.87 9 75
LC0010 -0.38 -0.66 -0.46 0.26 -0.55 -0.2 -0.76 -0.51 0.34 -0.17 0.04 -0.73 12 100
LC0011 0.45 1.28 ~0),5)72 0.38 -0.22 1.65 ~0),5) -0.01 0 1.05 0.33 0.02 12 100
LC0012 0.52 -0.08 0.4 0.9 0.5 0.26 0.09 0.26 0.53 0.13 0.51 -0.02 12 100
LC0013 -0.92 0.49 0.06 -0.55 1.58 -0.5 0.38 -0.53 -0.72 0.25 -1.44 0.96 12 100
LC0017 0.1 1.19 0.51 0.69 0.4 1.8 0.12 0.32 0.77 0.49 0.67 0.52 12 100
LC0018 -0.21 -1.01 -2.03 0.12 0.63 0.23 2.75 -0.64 -0.78 -1.3 1.28 1.23 10 83
LC0020 0.79 1.19 0.85 -1.44 0.99 0.9 0.4 0.63 -1.58 0.72 0.25 -0.01 12 100
LC0025 0.3 0.37 0.11 0.67 0.19 0.17 -0.03 0.03 0.29 0.15 1.16 0.97 12 100
LC0028 0.68 -2.61 -2.26 2.08 1.1 -3.72 -3.05 -0.47 0.42 4 33
LC0029 0.56 -0.77 1.16 1.01 -0.01 -0.82 0.4 0.64 0.7 0.12 1.34 0.87 12 100
LC0031 0.34 1.51 -0.6 1.07 0.69 0.1 -0.31 -0.42 0.48 0.35 5.45 0.14 11 92
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Table 5: Summary of z -scores (continued)

Laboratory Successful
LC0036 =il.25 -0.06 -0.92 -1.31 -1.22 0.05 -1.36 -1.77 -2.48 -1.23 0.53 1.69 11 92
LC0037 1.32 10.99 13.2 -0.44 -1.33  204.7 0.96 -4.21 1.47 12.38 1036 876 5 42
LC0038 0.51 -0.1 0.02 0.38 0.37 0.12 -0.11 -0.32 0.31 0.32 0.09 0.06 12 100
LC0040 -0.47 -1.72 -0.17 1.69 -3.2 -1.6 0.44 0.62 -0.11 0.46 -0.19 0.67 11 92
LC0041 0.45 -0.25 1.11 0.96 -0.49 -0.21 -0.17 -0.19 0.4 0.12 0.69 0.73 12 100
LC0044 0.14 0.64 -0.69 -0.24 -0.21 -0.85 -2.36 0.54 1.02 8 67
LC0049 0.52 0.41 1.16 1.89 0.12 0.47 0.23 1.24 1.35 0.45 2.05 -0.51 11 92
LC0050 0.77 0.03 0.37 1.12 0.45 0.37 0.35 0.68 0.88 0.53 =372 -4.41 10 83
LC0051 0.84 0.64 0.14 0.47 0.61 0.42 0.14 -0.2 0.27 0.53 0.47 -0.2 12 100
LC0053 -2.64 -6.9 2.49 2.52 6.67 0.96 -6.09 -2.22 5.79 7.49 1 8
LC0055 0.44 -0.23 -4.49 0.07 1.55 -0.33 -0.14 0.01 3.52 4.23 -0.25 -0.5 9 75
LC0056 0.12 -0.01 0.59 0.35 0.01 0.16 -0.49 0.57 0.15 0.06 387.0 83

_------------__
Successful 27
% 79 79 71 82 79 85 82 85 82 76 71 71
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Figure 4.a: Youden plot of z-scores of the five PI separately for solvent 1
against solvent 2

FCM EURL-NRL ILC 2010 Pi, benzophenone FCM EURL-NRL ILC 2010 P, 4-methyl benzophenone
No. of laboratories: 32, Coefficient of correlation: 0.205336935374725 No. of laboratories: 31, Coefficient of correlation: 0.419387236282698
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Figure 4.b: Youden plot of z-scores of the five PI together for solvent 1 against
solvent 2

FCM EURL-NRL ILC 2010 P, Over-all measurands
No. of laboratories: 162, Coefficient of correlation: 0.346359723578794
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Figure 5: Distribution of all z-score - scatter

a) distribution by labs
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Figure 6: Distribution of all z score histogram (blue bars), Kernel density plot

(blue line) and normal distribution plot (green line)
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and results. Part 2: Basic method for the determination of repeatability
and reproducibility of a standard measurement method.

ISO 5725 -5 Accuracy (trueness and precision) of measurement method
and results. Part 5: Alternative methods for the determination of the
precision of a standard measurement method.

ISO GUIDE 35:2006; Reference materials - General and statistical
principles for certification.
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Annex 1: Invitation letter to laboratories ILC 2010/01

AR EUROPEAN COMMISSION i e v
§ i; GENERAL DIRECTORATE JRC ‘ .
v e JOINT RESEARCH CENTRE
PASTE i Institute for Health and Consumer Protection — IHCP
Unit Chemical Assessment and Testing Food Contact Materials

Ispra April 26, 2010
Ref. Ares(2010)217332 - 26/04/2010

Dear Madam, Sir

Comparative trial ILC 2010 - 01 from EURL FOOD CONTACT MATERIALS
“Determination of photoinitiators (PI) in paper and board”

On behalf of the EURL for food contact materials, | would like to invite you to participate in
a comparative trial/interlaboratory comparison (ILC) exercise for the determination of
photoinitiators (PI) in solvent (acetonitrile) and paper and board (P&B) which is due to start
by the end of May. Please note that according to the agreement of the December’'s EURL-
NRL FCM plenary, this year the ILC exercise is a Proficiency testing exercise. Each
participant will be free to use the method of routine use in their laboratory. We will provide
SOP for information only to those who don’'t have experience in the field, but the SOP will
not be mandatory.

I would like to remind you that it is a duty for you as an NRL-FCM to participate in the ILCs
organised by the EURL-FCM since the work programme is decided with your agreement.
For this reason we encourage all of you to actively participate in this exercise. There is no
charge for participation. Feel free to involve your local controls.

We have pre-registered everyone, which means we will send test kits to all of you. We
however need to receive the proformat of your participation for our own administrative
purposes. Kindly send back the proformat by May 3™ to: Stefanka Bratinova (stefanka-
petkova.bratinova @jrc.ec.europa.eu). If you need more test kits to involve more
laboratories at the national level please let us know immediately by e-mail so we can
prepare the test samples accordingly.

The samples will be sent to you by the Middle of May. You will find additional information
in the kit sent and on the form “shipment test PI”. You will also receive more detailed
instructions for the compilation of the results. The deadline for submission of results is 1°*
July 2010.

If you have any question, please contact Catherine Simoneau
(catherine.simoneau@ijrc.ec.europa.eu), ph. +39.0332.785889

Sincerely yours,

e G ——

< —

Catherine Simoneau

Dr. Catherine Simoneau

Operating Manager, Community Reference Laboratory for Food Contact Materials
European Commission, DG-Joint Research Centre

Institute for Health and Consumer Protection

Unit Chemical Assessment and Testing, T.P. 260

Ispra Va 21020 Italy

Cc: MM. D. Kotzias (JRC), D. Sarigiannis (JRC), B. Larsen (JRC), F. d’Atri (SANCO)
Mrs. A Schaefer (SANCO)
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Annex 2: Form for confirmation of participation to ILC 2010/01

Yo EUROPEAN COMMISSION SSE

§ ﬁr GENERAL DIRECTORATE JRC ‘
s ve JOINT RESEARCH CENTRE c l
A A Institute for Health and Consumer Protection — IHCP

Unit Chemical Assessment and Testing

Food Contact Materials

Ref. Ares(2010)217332 - 26/04/2010
Ispra April 26 2010
Annex

Participation to EURL-FCM ILC 2010 - 01
Interlaboratory comparison (ILC) exercise
for the determination of photoinitiators in solvent and paper and board

CONFIRMATION OF PARTICIPATION

Your Name:
Organization:

Address:

E-mail:

Phone:

item Yes NO

| will participate the collaborative trial on analysis of Pl in solvent and
paper and board and will deliver results on time

| have already the package with the files for filling the results and
especially RingDat3.exe file from last year and | need only lab files for
this year's ILC

I don't have the package with the files for filling the results from last year

Kindly send back this proformat to: Stefanka Bratinova (stefanka-petkova.bratinova
@ijrc.ec.europa.eu) by May 3.

The samples will be sent to you by the Middle of May. You will find additional information in
the kit sent. The deadline for submission of results is 1°' July 2010

If you have any question, please contact Catherine Simoneau
(catherine.simoneau@ijrc.ec.europa.eu), ph. +39.0332.785889

Sincerely yours,

e G S

Catherine Simoneau
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Annex 3: Letter accompanying the samples ILC 2010/01

i?*i? EUROPEAN COMMISSION Community Reference Laboratary
§ @ GENERAL DIRECTORATE JRC ‘
e e JOINT RESEARCH CENTRE c l
A Institute for Health and Consumer Protection — IHCP
Unit Chemical Assessment and Testing

Food Contact Materials

Ispra May 10, 2010
Ref. Ares(2010)217332 - 26/04/2010

Shipping kit for interlaboratory comparative testing EURL-FCM ILCO01 2010 —
Photo-initiators in solvent and in paper and board

Shipping kit - Plin solvent:

= two 40 ml screw cap vials containing acetonitrile, spiked with five Pl (BP, 4-
MBP, 4-HBP, PBZ, ITX) at 2 concentration levels in the range 0.5-100 mg/kg

Shipping kit - Pl in paper and board:

= ten 5x5 cm? pieces of board ( for BP) and ten 10x5 pieces of board ( for 4-
MBP)

NOTE: Extraction of Pl from P&B should be performed with acetonitrile, results
reported in mg/dm?

Shipping kit - reference substances:

approx. 1 g BP

approx. 1 g 4-MBP

approx. 1 g 4-HBP;
approx. 0.75 g PBZ
approx. 10 ml 400 mg/l ITX

Documentation:

= instruction for the compilation of results;
. letters of confirmation of receipt ILC 01 2010;
= empty form “Test results” for filling the results;

Results requested:
result format: Use the personal “NAME.LAB” file that will be provided by e-mail;
use the printed empty form “Test results” in case of difficulties with the files;
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Annex 4: Letter of confirmation of receipt of ILC 2010/01
ﬁf\(%ﬁﬁﬁ EUROPEAN COMMISSION Community Reference Labaratory
;5 i; GENERAL DIRECTORATE JRC ‘
e e JOINT RESEARCH CENTRE c l
AT A Institute for Health and Consumer Protection — IHCP

Unit Chemical Assessment and Testing
Food Contact Materials

Ispra May 10, 2010
Ref. Ares(2010)217332 - 26/04/2010

PARTICIPATION TO CRL-FCM ILCO02 2010
PHOTOINITIATORS IN SOLVENT AND PAPER AND BOARD

CONFIRMATION OF RECEIPT OF THE SAMPLES

Your Name:

Organization:

Address:

E-mail:

Phone:

Anyremarks
Date arrival package ...,

Signature L,

Kindly send back this form to: Catherine Simoneau (catherine.simoneau@jrc.ec.europa.eu).

Sincerely yours,

Catherine Simoneau

Dr. Catherine Simoneau

Operating Manager, Community Reference Laboratory for Food Contact Materials
European Commission, DG-Joint Research Centre

Institute for Health and Consumer Protection

Unit Chemical Assessment and Testing, T.P. 260

Ispra Va 21020 Italy

Direct access EURL: ph: +39.0332.785889 Fax: +39.0332.785707 e-mail: catherine.simoneau@jrc.it http://EURL-fcm.jrc.it/
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Annex 5: Instructions for the compilation of the results in electronic format

ST EUROPEAN COMMISSION
il w GENERAL DIRECTORATE JRC
*ﬁ? gf JOINT RESEARCH CENTRE
i?*i‘r Ingtitute fgr Health and Consumgr Protection — IHCP
Unit Chemical Assessment and Testing

Community Reference Laboratory

CL

Food Contact Materials

Ispra May 10, 2010

Ref. Ares(2010)217332 - 26/04/2010

Instructions for the compilation of the results for interlaboratory comparative testing

EURL-FCM ILCO1 2010

DEADLINE: Thursday, July 1%

Results requested:
Perform four replicates for each sample and report all the four replicate data using the unit of
measure specified in the lab file or printed paper “Test results”

Compilation of results

Data generated by the laboratories for the comparative test EURL-FCM PTO001 will be processed
by the EURL-FCM using a software package for statistical analyses and professional data
handling of interlaboratory tests.

- a simple data entry program (RingDat3.exe) is provided to each participating laboratory (
from last year PT 2008 or now on CD-ROM 2009) ;

- two additional lab files with the extension “participant.Lab” and “participant.LA2", generated
by the ProLab software are provided to each laboratory individually (personal files) by e-mail;

- the name of each laboratory and the samples are codified by the software, so that each
participant will receive a sample with unique codified numbers (i.e., 0586);

- The "*.LA2" file contains information about the participant — laboratory name and laboratory

code;

- The “*LAB” file is unique to each laboratory (personal) and contains information about the

samples (samples code) and measurands that have to be analyzed and reported.

Each laboratory has to start the RingDat3.exe program and to open “name.LAB” file for reporting
the results. A table will appear with cells for every measurand/sample combination. That is why 6
sample codes will appear for each participant/file - 3 for acetonitrile and 3 for oil samples.

Procedure to be followed by laboratories for the opening the LAB files from the software.

First: Create a folder on your computer and transfer RingDat files and Translation
directory (from last year PT2008 or from CD-ROM 2009) into it. Copy there as well the
“NRL_X.LAB” and “NRL_X".LA2 files which you’ll receive by mail. The folder should
contain:

& T:\NRL_ com parative test_2009\ProLab\NRL_AT

File Edit View Favorites Tools Help

I3 ProLab
,D My Documents

Q Back - s ir 7~ Search Folders Elv
Address (|2) T:\WRL_ comparative test_2002\ProLab\MRL_AT
MNarne Size | Type Date Modified
File and Folder Tasks 211 Sfransiations | File Folder 09/06/2009 11:42
F|MRL_AT.LAZ 1KB LAZ Fil 09/06,2009 11:56
() Make anew folder [#1re e 106
Iﬂ MNRL_AT.LAB 1KB LAE File 09/06/2009 11:56
L] ublsh fs fader to the A RINGDAT3 e 1,153K8  Application 11/10/2006 15:54
@)Ringdat3.hip 7KB Help File 16/05/2006 16:26
B RINGDAT3.ini 1KE Configuration Settings 0%/06/2009 11:59
Other Places E ¥ RingDat,INI 1KB Configuration Settings  09/06/2009 11:59
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Direct access EURL: ph: +39.0332.785889 Fax: +39.0332.785707 e-mail: catherine.simoneau@jrc.it http://EURL-fcm.jrc.it/

ﬁr*ﬁr EU ROPEAN COMMISS'ON Community Reference Laboratory
N w GENERAL DIRECTORATE JRC ‘
i; § JOINT RESEARCH CENTRE c l
Fep 77 Ins_titute fpr Health and Consumer Protection — IHCP
Unit Chemical Assessment and Testing

Food Contact Materials

Then:
e Open the file “RINGDAT3.exe”
e Click on “Open” command

e Select the “NRL_X.LAB” file (where X is the member state abbreviation- with one to

three letters) and click on “Open” command using the button on the top menu of the
window

e Windows you should see using the software is :

I Entry of test results

Quit | Open ‘ | Protocal | Help |

Ring test: FCM CRL-NRL ILC 01 2009 - DIDP

Sample code | Measurand |Dascnpl|on ‘ Unit | Walue 1 ‘ WValue 2 Walue 3 WValue 4
DIDP DIDP ma/kg
DIDP DIDP ma/kg
DIDP DIDP ma/kg

0/L10378 DIDP DIDP ma/kg

OIL20236 DIDP DIDP ma’kg

0/L30338 DIDP DIDP ma/kg

o Fill the table with your data
e Save the file using the button on the top menu of the window

e Send only the “NRL_X.LAB” file by e-mail to Stefanka Bratinova (stefanka-petkova.bratinova
@jrc.ec.europa.eu)

Please fill your results and send it back by e-mail to Stefanka Bratinova (stefanka-petkova.bratinova
@jrc.ec.europa.eu) by July 1% 2010.

If you have any question, please contact Stefanka Bratinova (stefanka-petkova.bratinova @jrc.ec.europa.eu
or Catherine Simoneau (catherine.simoneau@jrc.ec.europa.eu), ph. +39.0332.785889

Sincerely yours,

Dr. Catherine Simoneau

Operating Manager, Community Reference Laboratory for Food Contact Materials
European Commission, DG-Joint Research Centre

Institute for Health and Consumer Protection

Unit Chemical Assessment and Testing, T.P. 260

Ispra Va 21020 Italy

Direct access EURL: ph: +39.0332.785889 Fax: +39.0332.785707 e-mail: catherine.simoneau@jrc.it http://EURL-fcm.jrc.it/
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Annex 6: Form for the compilation of the results in non-electronic format

Test results

Lab code: LC0038

. Sample code | Measurand _iDescrionn Unit 'Dateof@y_:_sis Value1 | Value 2 | Value 3 | Value 4 J
10027 | BP benzophencne mg/kg | |
-E 10027 | 4MBP 4-methyl benzophenone | mglkg T
10027 | 4HBP 4-hydroxybenzophenone | malkg
10027 |PBZ | 4-benzoylbiphenyl mglkg
10027 | ITX | 2-isopropylthioxanthone | mg/kg B
| 20047 | BP l_:enzophenbne- mg/kg
20047 | amBP 4-methyl benzophenone | mgtkg | I
20047 | 4HBP 4-hydroxybenzophenone | mg/kg '
20047 | PBZ ' 4-benzoylbiphenyl malkg ' I ]
T 20047 | 17X 2-isopropylthioxanthone | mg/kg
L ~ 30210 | BP benzophenone ma/dm2 I
40198 | AMBP _4—rnethyl benzophenone img!dmZ |
Place and date Manager of laboratory (in block letters) Signature
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Annex 7: Results of the homogeneity study

Results from homogeneity test for BPA samples according to ISO 13528 and Harmonized protocol.

Harmonized

. HOD) ety Protocol -
Sample | Measurand Unit Mean s(anaollytlcal) s(sanIes) el HORRAT s(target) Chef:k. for test on

(i /o s(target) % sufficient iy

homogeneity S|gn|f|can_t

heterogeneity

MIX1 4HBP mg/kg 3.04 2.7 0.0 Horwitz 1 13.5 OK OK
MIX1 4MBP mg/kg | 0.691 0.5 0.6 Horwitz 1 16.9 OK OK
MIX1 BP mg/kg 94.5 0.1 0.4 Horwitz 1 8.1 OK OK
MIX1 ITX mg/kg 32.2 0.0 0.4 Horwitz 1 9.5 OK OK
MIX1 PBZ mg/kg 53.1 0.0 0.4 Horwitz 1 8.8 OK OK
MIX2 4HBP mg/kg 64.4 1.3 0.7 Horwitz 1 8.5 OK OK
MIX2 4MBP mg/kg 85.1 0.1 0.5 Horwitz 1 8.2 OK OK
MIX2 BP mg/kg | 0.540 0.3 0.4 Horwitz 1 17.6 OK OK
MIX2 ITX mg/kg 1.216 0.1 0.7 Horwitz 1 15.5 OK OK
MIX2 PBZ mg/kg | 7.092 0.1 0.7 Horwitz 1 11.9 OK OK
P&B1 BP mg/dm? | 4.27 1.6 3.5 Manual 1 15 OK OK
P&B2 4MBP mg/dm? | 5.81 0.1 0.7 Manual 1 15 OK OK
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Annex 8: Results of the stability study
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Annex 8 (continue): Results of the stability study
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Annex 9 (continue): Results of the stability study

r
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Annex 8 (continue): Results of the stability study

=
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Annex 8 (continue): Results of the stability study
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Annex 8 (continue): Results of the stability study

40°C
y=-0.0016x +5.9365
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Annex 8 (continue): Results of the stability study

reference

\ (n‘:ZI/ulfg) conere i"tgg‘)*"t slope (b1) s(b1) | t(a=0.95,g=5)-s(b1)

40C 93.618 0.00750 0.0053 0.0136

N 93.6 20°C 94.072 -0.01275 0.0109 0.0281
40°C 93.615 0.00817 0.0056 0.0143

40C 0.541 -0.00006 0.0001 0.0003

ixs 0.546 20°C 0.544 -0.00006 0.0001 0.0003
40°C 0.543 -0.00007 0.0001 0.0003

aoc 31.994 0.00362 0.0016 0.0041

ITX

MIX1 32.3 20°C 32.125 -0.00060 0.0017 0.0045
40°C 31.985 0.00353 0.0016 0.0042

40oC 1.207 0.00014 0.0001 0.0003

ITX

MIX2 1.22 20°C 1.208 0.00009 0.0001 0.0002
40°C 1.206 0.00022 0.0001 0.0003

4aoc 0.697 -0.00006 0.0001 0.0003

s 0.669 20°C 0.697 -0.00006 0.0001 0.0003
40°C 0.695 0.00003 0.0001 0.0003

4a0C 85.296 0.01830 0.0050 0.0130

s 87.5 20°C 85.287 0.01277 0.0063 0.0162
40°C 85.646 0.01878 0.0077 0.0198

40C 53.447 0.01673 0.0078 0.0202

it 54.9 20°C 53.696 0.00931 0.0091 0.0233
40°C 53.421 0.01741 0.0078 0.0201

40C 7.178 0.00147 0.0013 0.0034

n:fxzz 7.27 20°C 7.185 0.00126 0.0015 0.0039
40°C 7.172 0.00193 0.0015 0.0037

40oC 3.159 -0.00066 0.0009 0.0023

s 3.29 20°C 3.204 -0.00098 0.0013 0.0033
4a0°C 3.130 -0.00508 0.0010 0.0026

aoc 63.886 0.00826 0.0135 0.0348

Mis 68.4 20°C 64.190 -0.00475 0.0098 0.0252
40°C 63.823 -0.00476 0.0168 0.0432

-70 -



EURL - Food Contact Material. ILC on Pl paperboard and solvent

Annex 8 (continue): Results of the stability study

ETREEE test intercept
(m"ga/I::12) condition (b0) slope (b1) t(a=0.95,g=5)-s(b1)
4aoC 4.177 -0.00594 0.0056 0.0143
oan1 4.27 20°C 4.575 -0.00342 0.0026 0.0067
4a0°C 4.935 -0.01332 0.0066 0.0170
4aoC 5.828 -0.00032 0.0021 0.0053
Senn 5.81 20°C 5.906 -0.00015 0.0020 0.0053
40°C 5.936 -0.00161 0.0028 0.0072
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Abstract

This report presents the results of the ILC of the EURL-FCM which focused on the screening for photoinitiators
(PI) content in paperboard as well as in a solvent. The test materials used were two types of paperboard supplied
by the industry, containing benzophenone (BP) and 4-methylbenzophenone (4MBP) and mixtures of five Pls in a
solvent (acetonitrile) prepared in-house. The general aim of the exercise was to assess the proficiency of the
official control laboratories and consequently the participants were free to use an analytical method of their
choice. There were 36 participants to whom samples were dispatched (26 NRLs + 10 official national control
laboratories from Germany and Spain) 32 of which submitted results. The homogeneity and stability studies were
performed by the EURL-FCM laboratory. The assigned values were obtained after applying robust statistics to the
results of the participants. Participants were invited to report four replicates measurements. This was done by
most of the participants. Laboratory results were rated with z and z' scores in accordance with ISO 13528 [1]
Standard deviations for proficiency assessment (also called target standard deviations) were set based on
Horwitz equation for substances in the solvent. For the PI paperboard the target standard deviation was set by the
organizers to 15% in order to fulfil the required criteria for sufficient homogeneity of the sample within the lots.

As a conclusion of the ILC exercise on the quantification of photoinitiators in the paperboard and the solvent, this
ILC showed that: 1) The participation in the ILC was satisfactory regarding the number of the participating labs.
Thirty-two laboratories submitted their results. From the EURL-NRL network 22 laboratories out of 25 reported
results. 3 NRLs laboratories did not send any results. 2) For the network of NRL-FCM the outcome from the
participation could be regarded as satisfactory as there are about 84% satisfactory results (262 out of 312) and
only 3 NRLs did not participated out of 25
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How to obtain EU publications

Our priced publications are available from EU Bookshop (http://bookshop.europa.eu), where you can place
an order with the sales agent of your choice.
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