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1. Summary 
 

The Institute for Health and Consumer Protection (IHCP) of the European 
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 
organise interlaboratory comparisons (ILCs) among appointed National Reference 
Laboratories (NRLs).  

This report presents the results of an ILC of the EURL-FCM which focused on the 
quantification of formaldehyde in migration solutions of 3% acetic acid from food 
contact materials. The test material used for the preparation of the migration 
solutions were melamine kitchenware (spoons) containing formaldehyde. The 
EURL prepared and distributed three concentration levels of migration solution. 
The general aim of the exercise was to assess the proficiency of the official 
control laboratories and consequently the participants were free to use any 
analytical method of their choice. However, in view of the support to Regulation 
284/2011, EURL suggested to limit the methods to the two procedures included 
in EN 13130-23 (i.e. standard for food contact).  

There were 62 participants to whom samples were dispatched (27 NRLs + 35 
national control laboratories from Germany, Italy, United Kingdom, Poland, 
Spain, France, Portugal and Switzerland) and 61 participants which submitted 
results. The homogeneity and stability studies were performed by the EURL-FCM 
laboratory. The assigned values were obtained after applying the robust statistics 
to the results of the participants. Participants were invited to report 4 results for 
each concentration level. Laboratory results were processed using several 
algorithms: ISO 13528 [1], Harmonized protocol [8], DIN 38402 A45 (Q-
Hampel) [5] and ISO GUIDE 35:2006 [11]. Standard deviations for proficiency 
assessment (also called target standard deviations) were set based on Horwitz 
equation [2]. 

As a conclusion of the ILC exercise on the quantification of formaldehyde in a 
migration solution of kitchenware in 3% acetic acid, this ILC showed that:  
 

 The participation in the ILC was satisfactory regarding the number of the 
participating laboratories. Sixty one participants laboratories submitted 
their results. Six of the participants submitted results obtained using two 
different methods. From the EURL-NRL network all 27 laboratories 
reported results.  

 More than 85% of all reported results were properly estimated.  
 The results of the NRL-FCM laboratories were all satisfactory 
 For the network of national control laboratories only one laboratory did not 

send any results.  
 The comparison of results from the two preparation methods in EN 13130-

23 were not significantly different. Both methods were found 
interchangeable. 
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2. Introduction  
 

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

One of the core duties of the EU Reference Laboratories is to organize 
interlaboratory comparisons, as stipulated in Regulation (EC) No 882/2004 of the 
European Parliament and the Council [4].  

In accordance with the above requirements the EU Reference Laboratory for 
Food Contact Material (EURL-FCM) organized in 2011 for the fourth year 
interlaboratory comparison tests for the network of appointed National Reference 
Laboratories (NRLs). 

The objectives of the interlaboratory comparison (ILC) tests for 2011 were 
discussed and agreed in the plenary meeting with all NRLs held in December 
2010 in Ispra, Italy. One ILC was decided as formaldehyde from melamine 
kitchenware.  

Formaldehyde (CAS 50-00-0) is combined with melamine to produce items, 
which may be intended to come into contact with foods. Typical food contact 
applications of melamine kitchenware are children mugs, bowls, cups, plates, 
spoons. In some cases, formaldehyde may migrate into food. 

  

3. Scope  
 

The scope of this ILC was to test the competence of the appointed NRLs to 
analyze formaldehyde in migration solutions of 3% acetic acid from melamine 
kitchenware. 

The different concentration levels of migration solution were obtained by dilution. 

The assessment of the measurement results was done based on requirements 
laid down in international standards and guidelines [1, 2, 5, 7, 8, 11] 

 

4. Time frame  
 
A questionnaire was sent to the NRL-FCM network in the beginning of 2011 as a 
preliminary step with the aim to help in organisation of the ILC01 2011. The aim 
was to create an overview on 

1) the sample preparation methods used by NRLs 

2) the experience of NRLs to perform analysis of formaldehyde in food/food 
simulant 
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24 NRLs replied to the questionnaire. The answers are summarised in Annex 1. 

The ILC01 2011 was launched in May 2011. Invitation letters were sent to the 
laboratories on 26th April 2011 (Annex 2). Laboratories were invited to fill in a 
letter of confirmation of their participation (Annex 3). 

The samples were prepared at the end of April 2011. Homogeneity tests were 
run in the beginning of May. The results from homogeneity test were accepted as 
time zero for stability testing. 

The samples were dispatched to participants on 20th May 2011, together with the 
letters accompanying the samples (Annex 4) and a format for the compilation of 
results (Annex 6). Electronic ProLab files, where the result should be inserted, 
were sent to the participants by e-mail on 23rd May 2011. 

The participants were asked to fill in a confirmation of the receipt of the samples 
(Annex 5) 

The deadline for reporting was 17th June 2011. 

5. Test materials 

5.1 Preparation 
 
The preparation of the test materials was done by the EURL-FCM. 

The migration solutions were obtained after migration experiment immersing 
melamine kitchenware, mainly different melamine spoons in 3% acetic acid for 2 
h at 70oC. The three samples were obtained by dilution of the original migration 
solution in order to obtain more reliable evaluation of the precision and 
reproducibility for the concentration range under, around and above the 
permitted limit (15 mg/kg), where the decision should be made by the 
Competent Authorities (table 1). 

Table 1. Test materials 

 
 

5.2 Homogeneity assessment 
 
The samples were tested for homogeneity by the EURL.  

Ten randomly selected test specimens for each sample (FORM01, FORM02, and 

Exercise Name Sample 

FORM01 1 bottle of 3% acetic acid migration solution at level 1 

FORM02 1 bottle of 3% acetic acid migration solution at level 2 

IL
C

 0
1

 
2

0
1

1
 

FORM03 1 bottle of 3% acetic acid migration solution at level 3 
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FORM 03) were analyzed in duplicate for formaldehyde, using the CEN 13130-23 
chromotropic acid method. 

The homogeneity was evaluated by the ProLab Software [3] according to the 
IUPAC International Harmonized Protocol [8], F-test 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 showed sufficient homogeneity for the target standard 
deviation. 

 
5.3 Stability test  
 
Randomly selected specimens for each sample (FORM01, FORM02, and FORM 
03) were stored at 3 different temperature conditions (+5ºC, room temperature, 
+40ºC). The test samples were monitored for stability by the EURL by periodical 
determination of formaldehyde from the date of preparation and homogeneity 
assessment to the closing of the ILC01.  

The stability was evaluated as described in the ISO GUIDE 35:2006 [11].  

No significant trend was observed for the test samples at all temperature 
conditions (+5ºC, RT and +40ºC) for the time of the ILC (Annex 8).  

5.4 Distribution  
 
The sample kits were dispatched to the participants by the EURL-FCM on 20th 
May 2011. Each participant received a box containing:  

a) the test materials – 3 migration solution samples; 

b) the accompanying letters with instructions on samples handling, analysis and 
reporting of results (Annex 4); 

c) a form that had to be sent back after receipt of the samples to confirm their 
arrival (Annex 5);  

d) a form for reporting the results in non-electronic format (Annex 6). 
 

6. Instructions to participants  
 
Complete instructions were given to all participants in the letters that 
accompanied the samples (Annex 4).  

Laboratories were asked to report 4 results for each concentration level. 
Participants were asked to follow their own procedures and to indicate their 
sample preparation method – CR-chromotropic acid, AA-acetyl acetone, 
2,4DNPH-2,4 dinitrophenylhydrazine or other, and instrumental method of 
analysis – UV-VIS, HPLC-DAD, LC-MS or other. However, in view of the support 
to Regulation 284/2011, it was suggested to limit the methods to the two 
procedures included in CEN 13130-23 (CR – chromotropic acid, AA – acetyl 
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acetone). The results had to be reported using the unit of measure indicated in 
the instruction letter.   

The results were reported in a special form sent to the participant (Annex 6) 

7. Assigned values  
 
As described earlier, the test materials used for this exercise were migration 
solutions of kitchenware in 3% acetic acid, prepared by the EURL. 

As the “true” values could not be known, the assigned values were obtained after 
applying the robust statistics to the participants’ test results using a ProLab 
software [3].  

8. Target standard deviation  
 
The value of target standard deviation (σp) 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 as 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, σp 

can be derived from the appropriate form of the modified Horwitz equation [2].  
 
For all migration samples of this ILC01 2011 exercise the target standard 
deviation was set to the one calculated by the Horwitz formula. 
 

9. Evaluation of results  

9.1 General observations  

There were sixty two participants from twenty-six countries to whom samples 
were dispatched. Participants were the 27 NRL laboratories (NRL Malta 
represented by NRL UK, Sweden and Romania without NRL represented) and 
several national control laboratories from Member States especially Germany, 
Italy, United Kingdom, Poland, Spain, France, Switzerland as guests. They all 
received the samples. The ILC was closed permanently on 17th of June for 
statistical interpretation.  

Sixty one laboratories submitted their results. As requested, most of the 
laboratories reported four results for each concentration level.  

From the EURL-NRL network all 27 laboratories reported results.  
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9.2. Statistical evaluation of results 

9.2.1. Determination of the consensus value and standard deviation of 
the interlaboratory comparison 
 
The statistical evaluation of the results was performed using the ProLab software 
[3] applying different algorithms for the determination of the consensus value 
and its standard deviation according to ISO 13528 [1], DIN 38402 A45 [5] and 
ISO/TS 20612 [6]. The three mostly 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 A45) as one of the most robust necessary especially when 
many outliers are present.  

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 
[9, 10]. Kernel density plots were computed by the ProLab software [3] 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 formed then the Kernel density distribution.   
 

9.2.3. Scores and evaluation criteria  
 
Individual laboratory performance was expressed in terms of z-scores (z) in 
accordance with ISO 13528 [1] and the International Harmonised Protocol [8] 

 

p

assignedlab Xx
z

σ
)( −

= ,       

where  

x lab   is the measurement result reported by a participant  
X assigned  is the assigned value 
σ p   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 participants’ deviation from the assigned value with 
target standard deviation accepted for the interlaboratory comparison σp.   
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9.3 Laboratory results and scores  
 
Summary of the laboratories results are given in table 2 and figures 1-3. 

They are presented with their reported sample preparation methods (CR, AA, 2-
DNPH and other). Also shown are the robust repeatability standard deviations 
and robust reproducibility standard deviations calculated according to Q-Hampel 
algorithm (ISO 20612:2007 and DIN 38402 A45) by ProLab software as well as 
assigned values and target standard deviation of the ILC. 

 
Table 2. Summary of results calculated according to DIN 38402 A45 
 
  FORM01  FORM02  FORM03   

Method DIN 38402 A45        
Robust Mean = Assigned value , mg/kg 6.78  15.91  26.72   
Robust Repeatability s.d., mg/kg 0.09  0.19  0.27   
Robust Reproducibility s.d., mg/kg 0.64  1.29  1.96   
Rel. target s.d., % 11.99  10.55  9.76   
Robust Rel. reproducibility s.d., % 9.51  8.12  7.34   
lower limit of tolerance, mg/kg 5.15  12.55  21.51   
upper limit of tolerance,  mg/kg 8.40  19.26  31.94   
No. of results 67  67  67   

 
Figures 4-6 represent Kernel density plots with calculated limit of tolerance 
(|z|≤2) according to DIN 38402 A45.  
 
Figures 7-9 present graphs of the calculated by ProLab z-scores with the 
tolerance limit z=2. Summary of the calculated z-scores are reported in table 4.  

The Youden plots (figure 10-11) display a combined graphic of the results of two 
measurand-matrix combinations. Such a presentation allowed to identify 
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, but far away from the assigned value had results dominated by 
systematic error. 

 
Data were processed a second time separately grouped by the two sample 
preparation methods (CR and AA). Methods were tested by statistical T-test and 
the results are shown in table 3. The experimental t values were smaller than 
both t critical values, which meant that results obtained by both methods did not 
differ significantly from each other.  
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Table 3. T-test for significance of the differences between the two sample 
preparation methods 

  FORM01   FORM02   FORM03   

Mean, Acetyl acetone (AA), mg/kg 6.68   15.59   26.35   
Reproducibility s.d., mg/kg 0.45   1.00   1.54   
number of labs 31   31   31   
            

Mean, Chromotropic acid (CR), mg/kg 6.76   16.17   26.98   
Reproducibility s.d., mg/kg 0.87   1.36   2.41   
number of labs 31   31   31   
           

s^2 0.4797   1.4248   4.0899   
s 0.6926   1.1936   2.0223   
           

t experimental 0.45   1.91   1.23   
t crit (0.05, 60) 2.00   2.00   2.00   
t crit (0.01, 60) 2.66   2.66   2.66   

 
 
 
 

10.  Comments on results and conclusions  
 

24 laboratories returned their answers to the questionnaire on their experience 
with formaldehyde determination. A compilation of the answers showed that 
most of NRLs had already some experience with formaldehyde determination in 
food/food simulants. More than 90% of the laboratories used the CEN 13130-23 
method. 

The results of the ILC01 2011 showed that the participation of the laboratories in 
the ILC01 2011 was very satisfactory. 61 participants (98.4%) reported results 
out of 62 to whom sample kits had been sent. Six participants reported results 
obtained using two different sample preparation methods. 4 participants did not 
report 4 replicates for each concentration level.  

Considering the z-scores, the overall participation was also quite satisfactory. 
Summary of the results as z-scores reported in table 1 and figures 6-9 showed 
good performance with more then 86.5% successful results by the laboratories 
for most of the measurand-matrix combinations. 52 laboratories (more than 
85%) including all NRLs had all successful results. 

Data were processed a second time separately grouped by the two sample 
preparation methods CR-chromotropic and AA-acetylacetone. In all three 
samples robust mean of the data from CR method resulted in higher value then 
the robust mean from AA method. Nevertheless, the statistical T-test showed 
that the results obtained using CR method did not differ significantly from the 
results obtained by the AA method. These two methods can thus be considered 
interchangeable.  
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Figure 1. Summary graph of the laboratory’s test results (FORM01)
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Figure 2. Summary graph of the laboratory’s test results (FORM02)  
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Figure 3. Summary graph of the laboratory’s test results (FORM03)  
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Fig. 4 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   Fig. 5 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   Fig. 6 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4-6. Kernel density plot of laboratory results (FORM01, FORM02, 
FORM03)  
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Table 4. Laboratories’ corresponding z-scores  
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Figure 7. Summary graph of the laboratory’s z-scores (FORM01) 
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Figure 8. Summary graph of the laboratory’s z-scores (FORM02) 
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Figure 9. Summary graph of the laboratory’s z-scores (FORM03) 
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Fig.10 

 
 
 

 

 
 

 

 

 

 

 

 
 
 
Fig.11 

 

 

 

 

 

 

 

 

 

 
 
 
Figure 10-11. Youden plots of z-scores for formaldehyde between FORM01- 
FORM02 and FORM02 - FORM03 
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Annex 1. Overview of the preliminary questionnaire 

Method accreditated/validated Type of instrument Sample preparation 
Lp. Lab Code 

accreditated validated 
QC PT Method reference 

UV-
vis 

LC/UV HS-GC-FID Type  food/simulant sample work up 

1 LC0013 ACCREDITATED ISO 17025 Y Y N EN 13130-23 Y     3% AcA; 50% ETOH chromotropic acid 

2 LC0029 N Y 
without 

ref 
material 

N EN 13130-23 Y     3% AcA; water chromotropic acid 

3 LC0031   in development N N   Y     3% AcA chromotropic acid 

4 LC0056 

CEN/TS 13130-23:2005 
accreditated (simulants); 

EN 717-3:2003 – 
accreditated (wood toys); 

inhouse method  is 
accreditated for air  

Y Y N EN 13130-23;            
EN 717-3:2003 

Y     3% AcA; 50% ETOH pentane-2,4-dione in the 
presence of ammonium acetate 

5 LC0040 ACCREDITATED ISO 17025 Y Y N   Y     3% AcA pentane-2,4-dione in the 
presence of ammonium acetate 

6 LC0028     Y spike N CEN 13130-23 : 2005 Y     water;3% AcA;olive oil chromotropic acid 

7 LC0049 N N N N CEN/TS 13130-23  Y     3% AcA; 50% ETOH chromotropic acid 

8 LC0055   EN ISO/IEC 
17025 

Y N   Y      water, 3% acetic acid pentane-2,4-dione in the 
presence of ammonium acetate 

9 LC0020 Yes (EN 1541:2001; EN ISO 
4614:1999) 

  Y N   Y      water, 3% acetic acid pentane-2,4-dione in the 
presence of ammonium acetate 

10 LC0006 Y Y Y N STN P CEN/TS 13130-23, 
EN ISO 14184-1 

Y intend to 
use 

intend to 
use 

water, 3% acetic acid, 
ethanol (10%,50%,95%) 

pentane-2,4-dione in the 
presence of ammonium acetate   

0.1%, 2,4-DNPH 

11 LC0050 accreditation foreseen 
March 2011 

Y Y N EN 13130-23 Y     3% AcA chromotropic acid 

12 LC0005 N N N N   Y       pentane-2,4-dione in the 
presence of ammonium acetate 

13 LC0070 Y Y Y comp  
2labs 

N PN-EN ISO  4614 &  CEN 
/TS 13130-23  

Y       pentane-2,4-dione in the 
presence of ammonium acetate 

14 LC0018 Y Y   N     Y   3% AcA acetate ammonium solution 
added with acetyl acetone, 

15 LC0025 Y Y   Y-textiles   Y Y-
cosmetics 

  3% AcA pentane-2,4-dione in the 
presence of ammonium acetate 

16 LC0021 Y ; EN 1541 Y Y Yes for EN 
1541 

  Y     Water, acetic acid 3% pentane-2,4-dione in the 
presence of ammonium acetate 

18 LC0001 N N   N DIN EN 717-3       3% AcA pentane-2,4-dione in the 
presence of ammonium acetate 

23 LC0004 N N N   CEN/TS 13130-23:2005 Y     3% AcA chromotropic acid 

24 LC0041 N N   N     Y     
Deriving with dimedone0.2%; 

boiling 30min 
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Annex 2. Invitation letter to laboratories ILC01 2011  
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Annex 3. Format for confirmation of participation to ILC01 2011  
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Annex 4. Letters accompanying the sample ILC01 2011  
 
 



EURL – Food Contact Material. Formaldehyde in kitchenware 

   - 30 -

 

 



EURL – Food Contact Material. Formaldehyde in kitchenware 

   - 31 -

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 



EURL – Food Contact Material. Formaldehyde in kitchenware 

   - 32 -

 
Annex 5. Letter of confirmation of receipt of ILC01 2011  
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Annex 6. Form for the compilation of the results in non-electronic format 
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Annex 7. Results of the homogeneity study 
 
 
 
 

Sample Measurand Unit Mean 
s(analytical) 

% 
s(samples) 

% 
Mode 

s(target) 
HORRAT 

s(target) 
% 

 
F-test 

 Check for 
significant 

heterogeneity 

ISO 13528 
Check for 
sufficient 

homogeneity 

Harmonized 
Protocol - test on 

significant 
heterogeneity 

FORM01 FORM mg/kg 7.01 1.22 1.04 Horwitz 1 11.93 OK OK OK 

FORM02 FORM mg/kg 15.61 1.25 0.60 Horwitz 1 10.58 OK OK OK 

FORM03 FORM mg/kg 25.21 1.45 1.35 Horwitz 1 9.84 OK OK OK 



EURL – Food Contact Material. Formaldehyde in kitchenware 

   - 35 -

LEVEL1 - FORMALDEHYDE
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Annex 8. Results of the stability study 
 
A) 
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Figure 12. Results of the stability studies for A) FORM01, B) FORM02 and C) FORM03  
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Title: Report of the interlaboratory comparison Formaldehyde in food contact migration 
solution,  
 
Author(s): G. Beldi, N. Jakubowska, M. Derda and C. Simoneau 
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Abstract 
 
This report presents the results of the Inter-laboratory comparison (ILC) organise by the EURL-FCM, Ispra (Italy), which 
focus on the quantification of formaldehyde in migration solutions of 3% acetic acid from food contact materials. The test 
materials used for preparation of the migration solutions were melamine kitchenware (spoons) containing formaldehyde. The 
EURL prepared and distributed three concentration levels of migration solution. The general aim of the exercise was to 
assess the proficiency of the official control laboratories and consequently the participants were free to use any analytical 
method of their choice, however CEN 13130-23 method was suggested. There were 62 participants to whom samples were 
dispatched (27 national reference laboratories (NRLs) + 35 national control laboratories) and 61 of which submitted results. 
The homogeneity and stability studies were performed by the EURL-FCM laboratory. The assigned values were obtained 
after applying the robust statistics to the results of the participants. Participants were invited to report four results for each 
concentration level. This was done by most of the participants.  Laboratory results were rated with z-scores in accordance 
with ISO 13528 [1], standard deviations for proficiency assessment (also called target standard deviations) were set based 
on Horwitz equation. As a conclusion of the ILC exercise on the quantification of formaldehyde in the migration solution of 
kitchenware in 3% acetic acid, this ILC showed that the participation in the ILC was satisfactory regarding the number of the 
participating laboratories. From the EURL-NRL network all 27 laboratories reported results. One guest did not send any 
results. 52 laboratories (more than 85%) including all NRLs had all results successful and for 8 participants all results were 
unsatisfactory. Data were proceed a second time separately grouped by the two sample preparation methods CR-
chromotropic acid and AA-acetyl acetone. Statistical T-test shows that the results obtained using CR method do not differ 
significantly from the results obtained by second - AA method. These two methods are interchangeable. 
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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. 
 
The Publications Office has a worldwide network of sales agents. You can obtain their contact details by 
sending a fax to (352) 29 29-42758. 
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The mission of the JRC is to provide customer-driven scientific and technical support 
for the conception, development, implementation and monitoring of EU policies. As a 
service of the European Commission, the JRC functions as a reference centre of 
science and technology for the Union. Close to the policy-making process, it serves 
the common interest of the Member States, while being independent of special 
interests, whether private or national. 
 

 

 
LB

-N
A

-25226-EN
-N

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


