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Abstract 

The European Union Reference Laboratory for Food Contact Materials (EURL-FCM) organised a 
proficiency test (PT) to assess the analytical capabilities of the EU National Reference Laboratories 
(NRLs) and Official Control Laboratories (OCLs) on the "temperature control" during migration tests 
by article filling at 70 °C for 2 h in food simulant D1 (ethanol 50 %, v/v), with the subsequent 
determination of the specific migration of 2,5-bis(5-tert-butyl-2-benzoxazolyl)thiophene (cf. FCM 
No 500 in EU Reg. 10/2011). 

A total of 41 laboratories (25 NRLs and 16 OCLs) from 26 different countries reported results for 
the "temperature control" exercise. Thirty two laboratories (24 NRLs and 8 OCLs) submitted results 
for the "FCM No 500 quantification".  

For "temperature control", participants were requested to implement the learnings of the previous 
PTs when designing their experimental set up. Some general instructions were provided by the 
EURL-FCM. The test specimens consisted of a set of five 0.3 L polypropylene cups. Laboratories 
were requested to monitor the temperature of the food simulant inside one of the test specimens 
during the contact phase. Participants were requested to provide details of their operating 
procedure and to report their temperature readouts. The results show that 59 % of the 41 
laboratories were able to maintain the temperature of the food simulant inside the tolerance range 
(70 °C ± 2 °C) during the entire migration contact time. This is a significant improvement compared 
to the results obtained in 2015. Another evaluation approach was investigated checking whether 
the mean temperature of the entire experiment falls in the range of 68-72 °C; 85 % of the 
laboratories performed successfully.  

For the "FCM quantification", the EURL-FCM confirmed the test items to be adequately 
homogeneous and stable. Laboratories had to develop an appropriate analytical method and to 
provide details. The assigned values of the migration of FCM No 500 were calculated as the robust 
mean and robust standard deviation of the results reported by the participants. The laboratory 
performance was expressed in terms of z and zeta scores in accordance with ISO 13528:2015. The 
outcome of this exercise was satisfactory for 80 % of the laboratories (24 out of 30). The 
remaining six laboratories had unsatisfactory z scores higher than 3. Although their quantification 
performance at 5 µg kg-1 level was unsatisfactory, this does not imply that their methods of 
analysis may be not be suitable for the determination at the legal specific migration limit (SML) of 
600 µg kg-1. 

Laboratories were requested to estimate and report their measurement uncertainties. Half of them 
reported reasonable estimates. The EURL-FCM will organise a dedicated training to share best 
practices on the topic.  

The experimental information collected through the questionnaire further confirms the critical 
factors affecting the migration experiment: (1) covering/sealing the test specimen to reduce solvent 
losses, (2) reducing the filling time, (3) using calibrated thermometers/dataloggers and (4) avoiding 
pre-heating of the test specimen prior to the migration experiment.  
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List of abbreviations  

D1 Food simulant: 50 % v/v ethanol in water 

DG SANTE Directorate General for Health and Food Safety 

EURL-FCM European Union Reference Laboratory for Food Contact Materials 

FCM Food Contact Material 

FCM No 500 2,5-bis(5-tert-butyl-2-benzoxazolyl)-thiophene 

HPLC-DAD High Pressure Liquid Chromatography with Diode Array Detector 

HPLC-FLD High Pressure Liquid Chromatography with Fluorescence Detector  

HPLC-UV High Pressure Liquid Chromatography with UltraViolet detector 

JRC Joint Research Centre 

LC-MS/MS Liquid Chromatography with tandem Mass Spectrometer detector 

LC-qTOF-MS Liquid Chromatography with Quadrupole Time-Of-Flight Mass Spectrometer detector 

LOQ Limit of Quantification 

NRL National Reference Laboratory 

OCL Official Control Laboratory 

PCA Principal Component Analysis 

PP Polypropylene 

PT Proficiency Test 

RSD Relative Standard Deviation (in %) 

SM Specific Migration 

SML Specific Migration Limit 
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1. Introduction 

The European Union Reference Laboratory for Food Contact Materials (EURL-FCM), hosted by the 
Joint Research Centre (JRC), organised the proficiency test (PT) EURL-FCM-02-2016 to (i) monitor 
the temperature during the migration test, and (ii) to quantify the migration of FCM No 500 by 
article filling. 

Temperature among other parameters determines to a great extent the migration of a substance 
from a FCM to food. Therefore, it should be controlled and monitored accurately during migration 
tests. Laboratories observed that the required contact temperature is seldomly reached within an 
acceptable time nor maintained in the required range when the migration test is performed at 
elevated temperatures for short contact times.  

During the PT organised by the EURL-FCM in 2015 (ILC01-2015 [1]) laboratories performed 
migration tests by article filling at 70 °C, maintaining the required temperature within the 
tolerance range of ± 2 °C specified in the EN 13130-1:2004 documentary standard [2]. Results 
showed that only 30 % of the 53 migration experiments (performed by the 45 laboratories) were 
successfully carried out maintaining the temperature of the food simulant within the tolerance 
range during the entire contact time.  

The EURL-FCM decided to organise a follow-up exercise using the same test specimens and 
applying the same migration conditions, to compare the results obtained in the frame of the two 
PTs. In addition, this PT included the quantification of "FCM No 500" (2,5-bis(5-tert-butyl-2-
benzoxazolyl)-thiophene, an additive included in the positive list of Regulation (EU) No 10/2011 [3]), 
in food simulant D1 (50 % v/v ethanol in water) after migration testing by article filling at 70 oC for 
2 h.  

This PT was agreed with the Directorate General for Health and Food Safety (DG SANTE) as part of 
the EURL-FCM annual work programme 2016-2017. The PT was open to National Reference 
Laboratories (NRLs) and to Official Control Laboratories (OCLs) willing to participate.  

This report summarises the outcome of the PT. 

 

2. Scope  

As stated in Regulation (EC) No 882/2004 [4] one of the core duties of EURLs is to organise 
interlaboratory comparisons for the benefit of NRLs and OCLs.  

The following objectives were set for this PT:  

I. To assess the ability of the laboratories to develop and perform a migration test 
protocol by article filling using food simulant D1 (50% v/v ethanol in water) for 2 h at 
70 °C inside a thermostatic oven/incubator respecting the required tolerance range 
(±  2 °C).  

II. To compare the obtained results of the temperature control measurements with the 
results of ILC 01-2015 in order to assess potential improvements in laboratory 
performance.  

III. To evaluate the capacity of the laboratories to determine the specific migration (SM) of 
FCM No 500 in food simulant D1 after the migration experiment by article filling at 70 
oC for 2 h. 

IV. To identify any correlation between the migration protocols developed by the 
participants (cf. sample pre-heating, simulant pre-heating, oven's temperature, etc.) and 
the quantification of the SM.  

V. To derive recommendations for laboratories (i) for temperature control, and (ii) for the 
quantification of the specific migration by article filling.  
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The reported results were assessed following the administrative and logistic procedures of the JRC 
Unit in charge of the EURL-FCM, which is accredited for the organisation of PTs according to 
ISO 17043:2010 [5]. 

 

3. Set up of the exercise 

3.1 Time frame 

The organisation of the EURL-FCM-02-2016 exercise was agreed upon by the NRL network at the 
plenary meeting held in June 2016. Invitation letters were sent (via e-mail) to all NRLs of the 
network on December 12, 2016 (Annex 1). NRLs were advised to contact other interested OCLs. The 
registration deadline was set to December 15, 2016. Samples were sent in early January 2017. The 
dispatch was monitored by the PT coordinator using the messenger's parcel tracking system on the 
internet. The deadline for reporting of results was set to March 01, 2017. 

3.2 Confidentiality 

The procedures used for the organisation of PTs are accredited according to ISO 17043:2010 [5] 
and guarantee that the identity of the participants and the information provided by them is treated 
as confidential. However, the lab codes of the NRLs that have been appointed in line with 
Regulation (EC) No 882/2004 may be disclosed to DG SANTE upon request for the purpose of an 
assessment of their (long-term) performance. 

3.3 Distribution 

Each participant received: 

• One test specimen consisting of 5 polypropylene cups (0.3 L); 

• 200 mg of the pure analytical calibration standard of 2,5-bis(5-tert-butyl-2-benzoxazolyl)-

thiophene (Sigma Aldrich, ≥ 99.5 % purity); 

• The "Confirmation" form (Annex 2); 

• The "Shipping and Instructions" form (Annex 3);  

• The "Sample Acknowledgment Receipt" form to be sent back to the JRC after receipt of the 
test item (Annex 4); 

• Instructions for "Compilation of Results" (Annex 5); 

• The "Results Reporting" form (Annex 6); and  

• The "Questionnaire" form (Annex 7). 

3.4 Instructions to participants 

Detailed instructions for the compilation of the results were given to the participants in the letter 
that accompanied the samples (see Annex 5), regarding the temperature control of the migration 
experiment and the determination of FCM No 500. Some of the instructions were requests that had 
to be followed, some others were only considerations/suggestions based on the two EURL-FCM 
methods (with or without oven ventilation), meant to assist in the development of the oven 
protocol for the migration experiment. Laboratories were free to adapt the provided information; 
they were asked to describe the implemented protocol in the "Questionnaire" form (see Annex 7). 

Participants were asked to perform a SM test by article filling with food simulant D1 (i.e. ethanol 
50 % v/v) for 2 h at 70 °C ± 2 °C inside a thermostatic oven or incubator. Four test specimens 
(cups) were to be filled with 300 mL of D1, and then introduced in an oven/incubator.  
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The temperature of the food simulant inside the fourth cup (the one filled last and/or placed into 
the thermostatic oven/incubator last) had to be monitored. Participants were instructed to use only 
a calibrated thermometer/data logger for the temperature measurements. A total of 33 
readouts were to be reported using the "Results reporting form" (Annex 6).  

The first three cups were to be used for the quantification of migrated FCM No 500 applying an 
appropriate analytical method developed by each laboratory.  

Participants were also requested to report the associated expanded measured uncertainty together 
with the coverage factor and to describe the approach used for the estimation of the measurement 
uncertainty.     

A dedicated questionnaire was used to gather additional information related to measurements and 
laboratories (Annex 7). 

The laboratory codes were given randomly and communicated to the participants (Annex 8). 

 

4. Test specimen 

4.1 Preparation 

As in ILC01-2015, the tests specimens consisted of five polypropylene cups (0.3 L) meant to be 
used with high alcoholic content beverages. Packs of five randomly selected cups were wrapped in 
aluminium foil and provided to the participants (as shown on the cover page of this report). 

For the determination of the migration of FCM No 500, amber vials with approximately 200 mg of 
the pure analytical standard 2,5-bis(5-tert-butyl-2-benzoxazolyl)-thiophene (Sigma Aldrich, ≥ 
99.5% purity) were prepared and sent together with the cups. 

4.2 Homogeneity and stability 

The homogeneity and stability studies for the migration of FCM No 500 from the test specimens 
were performed by the EURL-FCM, according to the requirements set in ISO 13528:2015 [6]. 

Fifteen randomly selected test specimens of the sample were analysed for FCM No 500 in 
duplicate, applying the single-laboratory validated HPLC-FLD analytical method developed by the 
EURL-FCM. The EURL-FCM evaluated homogeneity according to the IUPAC International Harmonized 
Protocol F-test [7] and checked for significant and adequate heterogeneity based on 
ISO 13528:2015 [6].  

Similarly for stability, three test specimens of the sample were analysed for FCM No 500 in 
duplicate at the end of the PT (10 weeks later) by the EURL-FCM, using the HPLC-FLD method 
mentioned above. The EURL-FCM evaluated the stability according to the IUPAC International 
Harmonized Protocol F-test [7] and the expanded criteria of ISO 13528:2015 [6].  

The statistical treatment of data was performed by the EURL-FCM using the ProLab Software [8]. 

The homogeneity results and their statistical evaluation are presented in Annex 9. The test material 
showed sufficient homogeneity. Similarly, the test material showed sufficient stability and no 
significant trend was observed for the tested samples. 
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5. Assigned values and corresponding uncertainties 

5.1 Assigned values 

The assigned value (xpt) for the mass fraction of FCM No 500 released during the migration 
experiment was derived as consensus value from results reported by the participants applying 
Algorithm A (ISO 13528:2015 – Annex C, [6]). 

5.2 Associated uncertainties 

Robust statistics (cf. Algorithm-A, ISO 13528:2015, [6]) was used to derive the uncertainty 
associated with the assigned value u(xpt) from the results reported by the participants as follows: 

������ = 1.25	 
∗

√�
   Eq. 1 

Where "s*" is the robust standard deviation, and n is the number of reporting participants.  

The factor 1.25 represents the ratio of the standard deviation of the median to the standard 
deviation of the arithmetic mean, for large samples p>10. This factor is recommended because 
proficiency testing results are typically not strictly normally distributed and contain unknown 
proportions of results from different distributions. The factor of 1.25 is considered to be a 
conservative estimate. 

5.3 Standard deviation for proficiency assessment 

The value of target standard deviation (σpt) determines the limits of satisfactory performance in a 
PT. It should be set as a value that reflects best practice for the investigated analysis. The standard 
deviation of the reproducibility found in collaborative trials among experts/competent laboratories 
is generally considered as an appropriate indicator of the best agreement that can be obtained 
between laboratories.  

In the absence of appropriate collaborative trial data on this migration test and being aware of 
specific difficulties associated to the reproducibility of the release of target analytes from FCMs, 
the robust reproducibility standard deviation (s*) derived from the reported results was set as 
σpt.  

 

6. Evaluation of results 

6.1 Scores and evaluation criteria 

The individual laboratory performance was expressed in terms of z and ζ scores according to ISO 
13528:2015 [6]: 

 

pt

pti xx
z

σ

−
=     Eq. 2 

 

)()( 22
pti

pti

xuxu

xx

+

−
=ζ    Eq. 3 

 

 
Where:  xi         is the measurement result reported by a participant; 
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   u(xi)         is the standard measurement uncertainty reported by a participant;  
   xpt         is the assigned value; 
   u(xpt)         is the standard measurement uncertainty of the assigned value;  
   σpt         is the standard deviation for proficiency test assessment. 

The interpretation of the z and ζ performance scores is done according ISO 13528:2015 [6]:  

      |score| ≤ 2  satisfactory performance (green in Annexes 11) 

2 < |score| < 3 questionable performance (yellow in Annexes 11) 

      |score| ≥ 3 unsatisfactory performance  (red in Annexes 11) 

Two laboratories reported "less than" values. These truncated values were not used in the statistical 
treatment of data, and no evaluation of these results was done (no scores were provided). 

The z scores compare the participant's deviation from the assigned value with the standard 
deviation for proficiency test assessment (σpt) used as common quality criterion.  

The ζ scores state whether the laboratory's result agrees with the assigned value within the 
respective uncertainty. The denominator is the combined uncertainty of the assigned value u(xpt) 
and the measurement uncertainty as stated by the laboratory u(xi). The ζ score includes all parts of 
a measurement result, namely the expected value (assigned value), its measurement uncertainty in 
the unit of the result as well as the uncertainty of the reported values. An unsatisfactory ζ score 
can either be caused by an inappropriate estimation of the concentration, or of its measurement 
uncertainty, or both. 

The standard measurement uncertainty of the laboratory u(xi) was obtained by dividing the 
reported expanded measurement uncertainty by the reported coverage factor, k. When no 
uncertainty was reported, it was set to zero (u(xi) = 0). When k was not specified, the reported 
expanded measurement uncertainty was considered as the half-width of a rectangular distribution; 
u(xi) was then calculated by dividing this half-width by √3, as recommended by Eurachem [9]. 

Uncertainty estimation is not trivial, therefore an additional assessment was provided to each 
laboratory reporting measurement uncertainty, indicating how reasonable their measurement 
uncertainty estimation was.  

The standard measurement uncertainty from the laboratory u(xi) is most likely to fall in a range 
between a minimum and a maximum allowed uncertainty (case a": umin ≤ ui ≤ umax). umin is set to the 
standard uncertainties of the assigned values u(xpt). It is unlikely that a laboratory carrying out the 
analysis on a routine basis would determine the measurand with a smaller measurement 
uncertainty than the expert laboratories chosen to establish the assigned value. umax is set to the 
standard deviation accepted for the PT assessment (σpt). Consequently, case "a" becomes: 
u(xpt) ≤ u(xi) ≤ σpt.  

If u(xi) is smaller than u(xpt) (case "b") the laboratory may have underestimated its measurement 
uncertainty. Such a statement has to be taken with care as each laboratory reported only 
measurement uncertainty, whereas the measurement uncertainty associated with the assigned 
value also includes contributions for homogeneity and stability of the test item. If those are large, 
measurement uncertainties smaller than u(xpt) are possible and plausible.  

If u(xi) is larger than σpt (case "c") the laboratory may have overestimated its measurement 
uncertainty. An evaluation of this statement can be made when looking at the difference between 
the reported value and the assigned value: if the difference is smaller than the expanded 
uncertainty U(xpt) then overestimation is likely. If the difference is larger but xi agrees with xpt within 
their respective expanded measurement uncertainties, then the measurement uncertainty is 
properly assessed resulting in a satisfactory performance expressed as a ζ score, though the 
corresponding performance, expressed as a z score, may be questionable or unsatisfactory.  

It should be pointed out that "umax" is a normative criterion when set by legislation. 
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6.2 Laboratory results and scorings 

Forty five laboratories from 25 EU Member States registered to the "temperature control" exercise; 
25 NRLs and 16 OCLs (91 %) reported results. Similarly, 32 laboratories registered to the "FCM No 
500 quantification" exercise; 24 NRLs and 8 OCLs (94 %) reported results (two of which were "less 
than values").  

6.2.1 Temperature control 

Annex 10 presents the mean temperature and the corresponding standard deviation derived from 
the 33 readouts performed by the laboratories during migration test by article filling. 

Three types of profiles have been identified (Figure 1): 
a. the majority of the (or all) data points are below the target temperature range set by 

EN 13130-1:2004 (70 ± 2 oC); 
b. all the data points are included in the above mentioned temperature range; 
c. several data points are above the temperature range.  

 

Figure 1: Examples of temperature profiles submitted by three participants (LC0###) 

 

The first evaluation approach consisted in counting the number of temperature readouts 

included in the target temperature range (70 ± 2 oC), and compare it to the total 

number of temperatures to be reported (33, as requested in Annex 6).  

Annex 10 shows that only 24 out of 41 laboratories (59 %) strictly complied with the 

requirements set by the CEN standard, thus passing the test and obtaining a score of 

100 %.  

Two laboratories (LC0002 and LC0003) reported all their temperatures below 68 oC, 

resulting in a score of 0 %, while the remaining 15 laboratories obtained scores ranging 

from 42 % to 94 %. Laboratories having obtained low scores may consider re-evaluating 

their oven protocol. 

In the second evaluation approach the test is considered successful when the average of 

all reported temperature readouts is included in the target temperature range. Figure 2 

and Annex 10 show that 35 laboratories (85 %) passed this test. The remaining 

laboratories reported averages ranging from 64.6 to 67.3 oC.  
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Figure 2: Average temperatures (and standard deviations) reported by the laboratories 

 

6.2.2 FCM No 500 quantification 

For the SM of FCM No 500 after migration by article filling with food simulant D1 at 70 °C for 2 h, 
a total of 32 laboratories participated (24 NRLs and 8 OCLs) and submitted their results. However, 
two laboratories could not quantify FCM No 500, as the limit of quantification (LOQ) of their 
analytical method was higher than the substance's concentration, though sufficient for analysis 
based on its respective SML [3, 10]. The results submitted by the participants, along with 
information regarding the results SM of FCM are available in Annex 11. 

The included Kernel density plot was obtained using the software available from the Statistical 
Subcommittee of the Analytical Methods Committee of the UK Royal Society of Chemistry [11].  

The assigned value of the mass fraction of "migrated FCM No 500 in D1" was obtained as a 
consensus value from participant results. The laboratory performance was assessed using the z 
and ζ scores.  

Figure 3 present the laboratory performances for the mass fraction investigated assessed by the z 

and ζ scores. 80 % of the participants having reported results performed satisfactorily 

according to the z score (67 % according to ζ score).  

Two major analytical techniques were applied, based on (i) high pressure liquid chromatography 
(HPLC) with diode array, fluorescent or UV detectors, or (ii) liquid or gas chromatography coupled to 
mass spectrometers. No direct correlation could be identified between poor performance and the 
analytical technique used. 
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Figure 3: Overview of laboratory performance according to z and ζ scores, for FCM No 500  
in D1, and measurement uncertainties (MU).   
- Corresponding number of laboratories included in the graph.  
- Satisfactory, questionable and unsatisfactory performance, in green, yellow and  
   orange, respectively.   
- For MU: Case "a" (green): u(xpt) ≤ u(xi) ≤ σpt; Case "b" (yellow): u(xi) < u(xpt);  
               Case "c" (orange): u(xi) > σpt 

 

6.2.3 Measurement uncertainties 

Laboratories that have to comply with ISO 17025:2005 [12] - the standard for the competence of 
testing and calibration laboratories - are supposed to provide realistic measurement uncertainties. 
For this PT the EURL-FCM requested laboratories to estimate and report their measurement 
uncertainty. 

Figure 3 presents the evaluation of the reported measurement uncertainties. Half of the 

participants reported realistic standard uncertainty ranging from 0.4 to 1.7 mg kg-1 (case 
"a": u(xpt) ≤ u(xi) ≤ σpt). Some participants reported likely overestimated standard uncertainties 
above 2 mg kg-1, while others reported underestimated uncertainties around 0.2 mg kg-1. Four 
laboratories did not report any measurement uncertainty. 

Note: xpt = 5.63 mg kg-1 

 

6.3 Additional information extracted from the questionnaire 

The questionnaire was answered by all participants giving valuable information on the laboratories, 
their way of working and their analytical methods. 

The questionnaire related to two topics: 

I. Migration conditions and temperature measurements; 
II. Analytical methodologies. 

Regarding the migration conditions, the following critical parameters were identified from the 
previous PTs (ILC 02-2016 and ILC 01-2015): 

1. Pre-heating FCM specimen before the migration experiment;  
2. Filling time of the FCM specimen with the selected food simulant; 
3. Covering of the FCM specimen during the migration experiment; 
4. Food simulant loss during the migration experiment;  
5. Type of thermometer/datalogger used for temperature control during the migration 

experiment.  
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All these parameters may have potentially affected the results of the migration experiment, and 
subsequently the analytical determination of FCM No 500. 

Figure 4 shows the percentage of laboratories having performed a pre-heating step of the FCM 
specimen prior to the migration experiment. Almost half of the laboratories decided to pre-heat the 
specimens, even when no further migration experiment was planned. For the laboratories that 
performed both exercises ("temperature control" and "FCM No 500 quantification"), the percentage 
of pre-heated/non pre-heated is almost the same.  

The pre-heating temperature varied considerable among laboratories. These conditions are 
presented in Figure 5, together with the percentages of laboratories that used them. Eighteen out 
of the 30 laboratories pre-heated the test specimen. 22 % of them did it at a temperature below or 
close to the one used for the migration experiment (70 °C ± 2 °C); 61 % at a temperature close or 
slightly higher; and the remaining 17 % at significantly higher temperatures. 

Figure 6 presents the filling time of the test specimen with food simulant just before the 
migration experiment. 83 % of the participants are able to fill up the test specimen in less than a 
minute. According to the EURL-FCM half a minute is the ideal filling time, requiring some training. 
49 % of the laboratories reached already this target. A small filling time of the test specimen is 
crucial for the success of the migration experiment, as it may limit potential temperature drops at 
the beginning of the migration experiments.  

The covering of the test specimen during the migration experiment is another factor affecting 
the migration experiment, as it is closely related to the overall food simulant loss. Figure 7 
summarises the various types of coverings used by the participants. The majority of the 
laboratories used either aluminium foil or clock glasses to cover the test specimens during the 
migration experiment. Even though no correlation could be found between the type of covering and 
the volume of food simulant loss, the EURL-FCM observed that good results were obtained when 
the clock glass was used with the concave side turned down, allowing the food simulant to 
condense on the surface of the glass and drip back into the beaker. The loss of the food simulant is 
further decreased when ensuring a tighter seal (e.g. a silicone covered-metal o-ring). Due care 
should then be taken to avoid any contamination of the investigated food simulant. 

The majority of the participants (66 %) reported food simulant losses up to 10 mL (Figure 8), 
which represents 3 % of the total food simulant volume used (300 mL). Although the influence of 
different volumes of food simulant losses on the performance of the migration experiment are not 
clearly established, it is recommended to reduce these losses as much as possible. As mentioned 
earlier, the use of a glass clock and a pressure on top may reduce the loss to to less than 3 mL (or 
1 % of the initial volume). 
 

 

 

 

 

 

 

 

Figure 4.  
Test specimen pre-heated or 
not before the test? 
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Figure 5.  

Pre-heating temperatures 
used by 18 participants  
(out of 30)  

 

 

 

 

 

 

 

Figure 6. 

Reported filling times 

 

 

 

 

Figure 7.  
Different test specimen 
coverings used during 
migration 

 

 

 

 

 

 

 

 

Figure 8.  

Reported food simulant losses 
(mL) during migration 

 

mL 

Pre-heating temperature 
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Despite the formal request by the EURL-FCM to use calibrated thermometers or dataloggers, a 
significant number of laboratories used non-calibrated equipment. Figure 9 presents the 
distribution of 41 laboratories having performed only the "temperature control" test (blue bars) or 
having also quantified the released FCM No 500 in D1 (red bars). It is regrettable to notice that 
27 % of the participants continue to use non-calibrated equipment. This will be closely monitored 
by the EURL-FCM. 

As mentioned earlier, the majority of the laboratories used HPLC methods coupled with FLD (53 %) 
or UV (13 %), followed mass spectrometry techniques (LC-MS/MS, 13 %; GC-MS, 9 %; LC-MS, 3 %; 
and UPLC-qTOF-MS 3 %) – Figure 10.  

The vast majority of the laboratories (72 %) injected the food simulant D1 directly into the 
chromatographic system (Figure 11). Only few laboratories performed liquid-liquid extraction (LLE, 
6 %) or evaporation/reconstitution (3 %). However, six laboratories did not provide any information 
(19 %). 

 

 

 

 

 

 

 

Figure 9. 
Type of thermometer/data 
loggers used by the 
participants 

 

 

 

 

 

 

 

Figure 10.  
Analytical instrumentation 
used for the quantification of 
FCM No 500 by the 
participating laboratories 

 

 

 

 

 

 

 

 

Figure 12.  

Sample preparation used for 
the quantification of FCM 500 
as reported by the 
participating laboratories 
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6.4 Origin of main variance of results 

In order to identify and rank the parameter(s) that influence(s) the most the migration of target 
substances from the food contact material to the food simulant solutions, a statistical treatment of 
the reported results coupled with the experimental information provided in the questionnaire was 
performed using Principal Components Analysis (PCA). 

PCA is a procedure for the identification of a smaller number of uncorrelated variables (called 
"principal components") from a large set of parameters, and explaining the maximum amount of 
the observed variance with the fewest number of principal components [13].  

Figure 13 presents the PCA and cluster analysis of the participant's results (z scores, mean 
migration temperature, test specimen preheating temperature and time, food simulant loss, test 
specimen filling time). Figure 14 shows a similar analysis performed with the data reported by 
laboratories having used calibrated thermometers/dataloggers only. The first principal component 
is mainly driven by the mean temperature of the food simulant and the z score, while the second 
principle component is mainly driven by the test specimen pre-heating temperature. That is the 
reason why both figures show a clear differentiation between laboratories who pre-heated the test 
specimens and those who didn't. These two identified clusters become even more evidenced when 
rejecting results of laboratories that did not use calibrated thermometers/dataloggers (Figure 14).  

Taking into consideration the material and the experiment used in this PT, it can be confirmed that 
pre-heating of test specimens is not recommended, as it may lead to unforeseen changes in 
the migration of target substances, especially if these values are close to SMLs.  

 

6.5 General recommendations on the migration protocol 

Based on the results of the present PT, the following recommendations can be drawn regarding the 
migration protocol at 70 oC for 2 h: 

1. Use of calibrated thermometers or data loggers is compulsory; 
2. Preheating the food contact material before migration should be avoided; 
3. Food simulant losses should be minimised using proper covering/seal of the cup  

during the migration experiment. 
4. Filling up the specimen with the food simulant should be done within half a minute  

to reduce temperature drops of the food simulant in the oven. 
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Figure 13. First versus second component after PCA analysis of z-scores and influencing 

parameters reported by all the laboratories. 

 

 

Figure 14 Principal component analysis of the laboratories that used calibrated 

thermometers and dataloggers: (a) Score plot, (b) biplot; and (c) scree plot 

  



 

16 

 

 

7. Conclusion  

The proficiency test EURL-FCM-02-2016 was organised to assess the analytical capabilities of the 
EU NRLs and OCLs on the temperature control during migration tests by article filling at 70 °C for 2 
h in food simulant D1 (ethanol 50 %, v/v), with the subsequent determination of the specific 
migration of 2,5-bis(5-tert-butyl-2-benzoxazolyl)thiophene (cf. FCM No 500 in EU Reg. 10/2011).  

Results reported by the participants were evaluated based on the total mean migration 
temperature. A significant improvement was observed, with 85 % of the participating laboratories 
succeeding in having a mean temperature in the range of 70 ± 2 oC (compared to 28 % of the 
laboratories observed in 2015). 

While 80 % of the participants having reported results for the determination of mass fraction of 
migrated FCM No 500 in food simulant D1 performed satisfactorily (according to the z score), only 
half of the participants estimated realistic measurement uncertainties. As a follow up the 
EURL-FCM will organise a dedicated training on the "estimation of the measurement uncertainty ".  

The experimental information collected through the questionnaire further confirmed the critical 
factor affecting the migration experiment: (1) covering/sealing the test specimen to reduce solvent 
losses, (2) reducing the filling time, (3) using calibrated thermometers/dataloggers and (4) avoiding 
pre-heating of the test specimen prior to the migration experiment.  
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Annex 2: Participation form  

 

  



 

23 

 

 

Annex 3: Shipping kit and Instruction form 
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Annex 4: Sample acknowledgement receipt 
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Annex 5: Instructions for compilation of results 
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Annex 6: Results reporting form 
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Annex 7: Questionnaire form 
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Annex 8: Laboratory code letter  
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Annex 9: Homogeneity and stability 

 

 

 

Analyte: FCM No 500 

Mean (Homogeneity):  4.72 µg/kg 

Mean (Stability): 4.68 µg/kg 

RSD (Analytical):  1 % 

RSD (Sample):   0.8 % 

σpt:   31 % 

[RSD: relative standard deviation] 

 

Homogeneity test (*): 

� adequate homogeneity:    Yes 
� significant heterogeneity: No 
� F-test: Passed 

Stability test (*): 

� Stable: Yes 
� T-test: Passed 

(*) According to ISO 13528:2015 

Homo- 
geneity 

Stability 
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Annex 10: Temperature (T) results reported by participants 

 

   
Number of Temperature readouts 

 Lab Code Mean T (oC) Stdev (oC) T < 67.5 oC 67.5 ≤≤≤≤ T ≤≤≤≤ 72.5 oC T > 72.5 oC  Satisfactory 

LC0002 64.6 0.7 33 0 0 0% 

LC0003 65.2 1.2 33 0 0 0% 

LC0004 69.3 0.3 0 33 0 100% 

LC0005 70.4 0.4 0 33 0 100% 

LC0006 70.1 0.7 0 33 0 100% 

LC0007 69.7 1.7 6 27 0 82% 

LC0008 70.5 0.8 0 33 0 100% 

LC0010 69.7 0.7 0 33 0 100% 

LC0013 71.1 0.9 0 33 0 100% 

LC0016 67.8 2.6 15 18 0 55% 

LC0017 69.6 1.6 6 27 0 82% 

LC0018 64.9 5.4 21 9 3 27% 

LC0020 69.1 0.4 0 33 0 100% 

LC0024 68.0 1.3 10 23 0 70% 

LC0025 68.4 0.3 0 33 0 100% 

LC0028 70.3 0.9 0 33 0 100% 

LC0031 67.2 3.2 12 21 0 64% 

LC0032 70.3 0.5 0 33 0 100% 

LC0037 68.9 0.7 0 33 0 100% 

LC0038 68.2 0.8 9 24 0 73% 

LC0040 70.3 0.3 0 33 0 100% 

LC0043 70.0 0.5 0 33 0 100% 

LC0044 67.1 1.5 17 16 0 48% 

LC0046 69.6 0.6 0 33 0 100% 

LC0047 71.0 1.7 2 31 0 94% 

LC0048 70.3 0.5 0 33 0 100% 

LC0049 67.5 2.6 13 20 0 61% 

LC0050 69.8 1.1 0 33 0 100% 

LC0055 69.7 0.7 0 33 0 100% 

LC0056 71.0 0.4 0 33 0 100% 

LC0059 69.1 0.8 1 32 0 97% 

LC0061 68.1 2.7 13 20 0 61% 

LC0064 70.5 1.2 0 33 0 100% 

LC0113 71.8 0.4 0 33 0 100% 

LC0114 69.5 1.1 2 31 0 94% 

LC0120 67.3 0.9 19 14 0 42% 

LC0121 69.8 0.6 0 33 0 100% 

LC0123 69.6 0.7 0 33 0 100% 

LC0124 69.8 0.7 0 33 0 100% 

LC0125 71.3 1.4 0 28 5 85% 

LC0126 68.9 0.2 0 33 0 100% 

* Satisfactory according to EN13130-1:2004: 67.5
 oC ≤ mean(T) ≤ 72.5 oC  
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Annex 11: Results for FCM No 500 after migration  

Assigned values: xpt = 5.63; U(xpt) (k = 2.0) = 0.79; σpt = 1.72 (all values in µg kg-1) 

Lab Code xi ± k Technique u(xi) z score ζζζζ score MU 

1 *LC0002 5.53 4.98 3 HPLC-FLD 1.66 -0.1 -0.1 a 

2 LC0004 4.68 0.12 2 UPLC-FLD 0.06 -0.6 -2.4 b 

3 LC0005 6.58 1.00 2 HPLC-FLD 0.50 0.6 1.5 a 

4 LC0006 5.32 3.80 2 HPLC-FLD 1.90 -0.2 -0.2 c 

5 LC0007 0.11 0.06 2 HPLC-FLD 0.03 -3.2 -14.0 b 

6 LC0010 4.93 4.39 3.18 HPLC-DAD 1.38 -0.4 -0.5 a 

7 LC0013 5.37 2.14 2 HPLC-UV 1.07 -0.2 -0.2 a 

8 *LC0016 23.33 - - HPLC-FLD 0.00 10.3 45.1 b 

9 LC0017 5.01 2.42 2 HPLC-FLD 1.21 -0.4 -0.5 a 

10 *LC0018 3.09 0.90 2 HPLC-FLD 0.45 -1.5 -4.3 a 

11 LC0024 3.53 5.28 2 HPLC-FLD 2.64 -1.2 -0.8 c 

12 LC0025 5.22 - - HPLC-FLD 0.00 -0.2 -1.0 b 

13 LC0028 5.08 0.40 2 LC-MS/MS 0.20 -0.3 -1.2 b 

14 *LC0031 4.08 0.06 2 HPLC-FLD 0.03 -0.9 -3.9 b 

15 LC0032 5.33 0.86 2 HPLC-FLD 0.43 -0.2 -0.5 a 

16 LC0037 4.46 1.28 2 HPLC-FLD 0.64 -0.7 -1.6 a 

17 LC0038 27.10 10.38 1.73 HPLC-UV 6.00 12.5 3.6 c 

18 LC0043 5.00 0.40 2 LC-MS/MS 0.20 -0.4 -1.4 b 

19 *LC0044 5.71 0.43 1.73 HPLC-FLD 0.25 0.0 0.2 b 

20 LC0046 5.05 1.69 3.18 HPLC-FLD 0.53 -0.3 -0.9 a 

21 LC0047 6.23 1.50 2 LC-MS 0.75 0.3 0.7 a 

22 LC0048 10.57 12.04 2 LC-MS/MS 6.02 2.9 0.8 c 

23 *LC0049 5.16 - - GC-MS 0.00 -0.3 -1.2 b 

24 LC0050 7.20 8.24 2 HPLC-FLD 4.12 0.9 0.4 c 

25 LC0055 4.94 1.44 2 LC-MS/MS 0.72 -0.4 -0.8 a 

26 LC0056 5.52 0.88 2 HPLC-FLD 0.44 -0.1 -0.2 a 

27 LC0061 4.47 - - - 0.00 -0.7 -3.0 b 

28 LC0064 7.37 0.92 2 UPLC-qTOF-MS 0.46 1.0 2.9 a 

29 LC0113 31.15 20.00 2 GC-MS 10.00 14.8 2.6 c 

30 LC0114 10.43 2.08 2 HPLC-FLD 1.04 2.8 4.3 a 

*: Mean T < 68 
o
C 

Performance: satisfactory, questionable, unsatisfactory, 

MU evaluation -  a : umin (u(xpt)) ≤ ui ≤ umax(σpt); b : ui < u(xpt); and c : ui > σpt 
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