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1. Introduction 

At the request of the European Committee for Standardization (CEN) by  RIKILT a standard for 

the determination of melamine (MEL) and cyanuric acid (CYA) in food was described. In order to 

validate this new CEN method a ring trial was organized between February 2014 and July 2014. 

The objective is to assess the comparability of results of melamine and cyanuric acid obtained by 

the new draft CEN standard in seven samples of food. 

 

2. Participants 

Eighteen laboratories registered  of which nine reported results. Eight of them are situated in 

Europe and one in North America. 

 

3. Design of the study 

3.1 Sample preparation 
Fourteen samples  (table 1) have been prepared from regular food products with fortification of MEL 

and/or CYA. The samples were homogenized by  adding methanolic solutions of MEL and CYA to 

the powdered materials. They were homogenized by adding liquid nitrogen and continuous stirring. 

Potassium dichromate was added to the whole milk and soy milk samples in order to prevent 

bacterial growth. 
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Also, two glass ampoules (materials A and B) containing melamine or cyanuric aid were prepared 

(table 1). 

Table 1: Aimed levels in the materials 

  Aimed levels (mg/kg) 

Material Code Melamine Cyanuric acid 

Infant formula C and D 1.2 0.8 

Infant formula soy based E and F 0.7 0.9 

Milk powder G and H 0.9 1.3 

Whole milk I and J 1.4 0.6 

Soy milk K and L 1.0 1.0 

Chocolate powder M and N 0.8 0.9 

Milk chocolate O and P 0.7 1.2 

 

3.2 Sample identification 

After homogenization, the materials were divided into sub-portions of 10 g and stored in plastic 

bottles. The samples for the participants were randomly coded by a web application (Annex 1).  Per 

material ten randomly taken samples were used for homogeneity testing. 

 

3.3 Homogeneity 

The homogeneity of the materials was tested according to The International Harmonized Protocol 

for Proficiency Testing of Analytical Laboratories [7] and ISO 13528 [8], taking into account the 

insights discussed by Thompson [9] regarding the Horwitz equation. Ten containers of each 

material were analysed in duplicate for MEL and CYA. The results are presented in Annex 2. All 

materials demonstrated to be sufficiently homogenous for use in this study, except MEL in 

chocolate., but the results for CYA already proved the homogeneity of the material. Chocolate 

powder was excluded from this study, due to inhomogeneity. 

 

3.4 Sample distribution 

Each of the participating laboratories received a randomly assigned laboratory code, generated 

by the webapplication. The sample sets with the corresponding number, consisting of twelve 

coded samples and two ampoules  (Annex 1) were sent to the participating laboratories on April 

22-2014. The sample sets were packed in an polypropylene box and were dispatched to the 

participants immediately by courier. The samples were accompanied by a letter (Annex 3) 
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describing the requested analyses and an acknowledgement of receipt form. By e-mail the 

laboratories received instructions on how to use the web application for reporting results.  

The laboratories were asked to store the samples at +4°C until analysis. A single analysis of each 

sample was requested using the prescribed method “Food analysis - Determination of melamine 

and cyanuric acid in foodstuffs LC-MS/MS method“ (Annex 4,). The deadline for submitting the 

results was May 30 2014, allowing 5 weeks for the analysis. 

 

4. Statistical evaluation of the results 

The main objective of this collaborative study is the validation of the new CEN method for the 

determination of MEL and CYA in foodstuffs (§4.1). In addition, the results of all participating 

laboratories, using the new CEN method, were evaluated as a proficiency test by assigning z-

scores (§4.2). 

 

4.1 Collaborative study 

Statistical evaluation of the results was carried out according to the Collaborative Study 

Guidelines of AOAC International [10] for blind (unpaired) replicates. In these guidelines the 

HorRat (Horwitz ratio) is described for evaluation of collaborative studies. The HorRat is the ratio 

of the reproducibility relative standard deviation, expressed as a percent (RSDR %) to the 

predicted reproducibility relative standard deviation, expressed as a percent (PRSDR %,): 

(%)PRSD
(%)RSDHorRat

R

R=  

Where: PRSD (%) = 2C-0.1505  

 C = estimated mean concentration expressed as a decimal fraction (10-6 for this test) 

The acceptable range for the HorRat value is <2.0.  

In tables 2 and 3 the results of the collaborative study are presented by means of the grand mean 

and the HorRat values.  
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Table 2. Results for melamine 

Material Code # 
labs 

Grand mean 
(mg/kg) 

RSDr 

(%) 

RSDR 

(%) 

HorRat  

Infant formula C and D 9 1.26 10.1 19.4 1.26 

Infant formula soy based E and F 9 0.73 23.1 30.7 1.83 

Milk powder G and H 9 1.04 6.51 21.2 1.33 

Whole milk I and J 9 1.43 3.00 11.7 0.77 

Soy milk K and L 9 1.06 13.9 21.0 1.32 

Milk chocolate O and P 9 0.71 16.9 35.1 2.08 

 

Table 3. Results for cyanuric acid 

Material Code # 
labs 

Grand mean 
(mg/kg) 

RSDr 

(%) 

RSDR 

(%) 

HorRat  

Infant formula C and D 5 0.83 7.51 17.3 1.05 

Infant formula soy based E and F 6 0.87 12.0 18.5 1.13 

Milk powder G and H 5 1.45 9.23 9.23 0.61 

Whole milk I and J 5 0.57 6.47 13.4 0.77 

Soy milk K and L 6 0.91 15.0 25.1 1.53 

Milk chocolate O and P 5 0.96 13.5 13.5 0.84 

 

The grand means of the materials are very much comparable to the aimed levels: from 80% 

(0.96/1.2) for cyanuric acid in chocolate to 116% (1.04/0.9) for melamine in milk powder. 

All results were included for calculations, except for cyanuric acid: the results of PT371 were not 

taken into account, due to much higher concentrations and/or poor replicates.  For an overview of 

the reported concentrations, see Annex 7. Modifications of the participants are presented in 

Annex 6. No major modifications were applied, mainly small chromatographic or mass 

spectrometric settings. 

 

4.2 Proficiency test 

The statistical evaluation of the proficiency test was carried out according to the International 

Harmonized Protocol for the Proficiency Testing of Analytical Laboratories [7], elaborated by ISO, 

IUPAC and AOAC and ISO 13528 [8] in combination with the insights published by the Analytical 

Methods Committee [11,12] regarding robust statistics. For the evaluation the consensus value 
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(X), the uncertainty of the consensus value (u), a standard deviation for proficiency assessment 

(σP) and z-scores were calculated (see Annex 5 for statistical procedure). Annex 8 shows the z-

scores of the participants and in Annex 9 the results are presented graphically. 

For melamine four questionable z-scores (2<│z│<3) were reported by labs PT365 (in infant 

formula, infant formula soy based and soy milk) and PT379 (infant formula soy based). Statistical 

evaluation of melamine in milk chocolate was not appropriate, since the results show a high 

variation. 

For cyanuric acid seven unsatisfactory z-scores (│z│>3) were reported by labs PT371 (all 

matrices) and lab PT367 (soy milk). 

 

5. Conclusions 
 
Within this collaborative study for melamine and cyanuric acid in food products a prescribed method 

was tested by nine laboratories. From their results it can be concluded that: 

  

• The method is suitable for the analysis of melamine in infant formula (milk or soy based), 

milk powder, milk and  soy milk (HorRat values varied from 0.77-1.83) 

• The method is just outside the required HorRat of 2.0 for the analysis of melamine in 

chocolate and therefore not suitable. 

• The method is suitable for the analysis of cyanuric acid in all matrices. 
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Annexes: 

 
1. Codification of the samples 

Annex 1 Codification 
of the samples.pdf

 
2. Homogeneity                                            

Annex 2 
Homogeneity.pdf  

3. Instruction letter                   

Annex 3 
Instructions.pdf  

4. Method description 

Annex 4 Final CEN 
standard MEL and CYA       

5. Statistical procedure for proficiency test 

Annex 5 PT 
statistics.pdf  

6. Modifications to method by participants 

Annex 6 
Modifications to metho 

7. Reported concentrations 

Annex 7 Reported 
concentrations.pdf  

8. za-scores 

Annex 8 
z-scores.pdf  

9. Graphical overview za-scores 

Annex 9 Graphs 
z.pdf  
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 Codification of the samples  Annex 1


Lab 
code 


Material 
C* D E F G H I J K L O P 


PT352 198 215 724 983 186 669 623 570 457 932 714 971 


PT363 981 762 508 264 779 896 194 411 789 701 409 485 


PT364 538 214 570 107 431 778 389 308 192 186 525 138 


PT365 222 595 857 320 542 720 434 400 447 654 426 775 


PT367 916 548 482 522 820 174 556 564 240 500 887 825 


PT368 846 923 636 479 473 132 820 659 666 197 235 982 


PT369 188 574 276 864 723 562 125 776 563 785 947 278 


PT371 463 164 359 907 611 895 321 881 482 232 909 139 


PT372 442 727 930 776 936 618 806 281 121 528 637 503 


PT373 314 866 345 109 672 837 475 887 680 567 595 898 


PT374 194 980 237 990 153 719 263 127 909 130 251 518 


PT375 257 137 431 435 210 783 935 716 751 603 337 580 


PT376 745 218 589 834 584 782 590 288 316 137 403 760 


PT377 886 529 342 501 570 603 553 524 365 428 732 292 


PT378 112 458 788 364 907 341 312 763 193 496 573 448 


PT379 299 521 501 435 582 749 509 916 576 814 312 155 


PT380 735 843 373 152 558 132 404 432 984 187 208 623 


*  All sample codes start with CEN/2014/Melamine 
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Annex 2 Homogeneity 
 
Infant formula milk based 
 
 MEL in infant formula milk based µg/kg 
Sample number Replicate 1 Replicate 2 
Hom/C001 1280 1260 
Hom/C002 1220 1230 
Hom/C003 1300 1260 
Hom/C004 1240 1320 
Hom/C005 1320 1290 
Hom/C006 1320 1400 
Hom/C007 1300 1320 
Hom/C008 1350 1380 
Hom/C009 1300 1320 
Hom/C010 1260 1330 
Grand mean 1300  
Cochran's test  
C 0.286  
Ccrit 0.602  
C<Ccrit? NO OUTLIERS  
Target s = σH Horwitz: 200  
sx 41  
sw 33  
ss 34  
Critial = 0.3σH 60  
ss<critical? ACCEPTED  
sw<0.5σH? ACCEPTED  


 
 CYA in infant formula milk based µg/kg 
Sample number Replicate 1 Replicate 2 
Hom/C001 814 825 
Hom/C002 796 805 
Hom/C003 815 863 
Hom/C004 811 767 
Hom/C005 *  
Hom/C006 889 886 
Hom/C007 822 855 
Hom/C008 870 878 
Hom/C009 844 835 
Hom/C010 830 833 
Grand mean 839  
Cochran's test  
C 0.405  
Ccrit 0.638  
C<Ccrit? NO OUTLIERS  
Target s = σH Horwitz: 137  
sx 31  
sw 18  
ss 29  
Critial = 0.3σH 41  
ss<critical? ACCEPTED  
sw<0.5σH? ACCEPTED  
*outlier according to Cochran 
  







Infant formula soy based 
 
 MEL in infant formula soy based µg/kg 
Sample number Replicate 1 Replicate 2 
Hom/E001 754 744 
Hom/E002 768 778 
Hom/E003 770 797 
Hom/E004 814 775 
Hom/E005 772 780 
Hom/E006 783 792 
Hom/E007 795 793 
Hom/E008 822 765 
Hom/E009 822 812 
Hom/E010 760 828 
Grand mean 786  
Cochran's test  
C 0.437  
Ccrit 0.602  
C<Ccrit? NO OUTLIERS  
Target s = σH Horwitz: 130  
sx 18  
sw 23  
ss 7.3  
Critial = 0.3σH 39  
ss<critical? ACCEPTED  
sw<0.5σH? ACCEPTED  


 
 CYA in infant formula soy based µg/kg 
Sample number Replicate 1 Replicate 2 
Hom/E001 930 924 
Hom/E002 893 901 
Hom/E003 891 912 
Hom/E004 950 919 
Hom/E005 966 887 
Hom/E006 929 882 
Hom/E007 968 954 
Hom/E008 950 923 
Hom/E009 1020 925 
Hom/E010 904 938 
Grand mean 928  
Cochran's test  
C 0.429  
Ccrit 0.602  
C<Ccrit? NO OUTLIERS  
Target s = σH Horwitz: 150  
sx 25  
sw 32  
ss 8.6  
Critial = 0.3σH 45  
ss<critical? ACCEPTED  
sw<0.5σH? ACCEPTED  
 


  







Milk powder 
 
 MEL in milk powder µg/kg 
Sample number Replicate 1 Replicate 2 
Hom/G001 986 1050 
Hom/G002 1000 957 
Hom/G003 985 1020 
Hom/G004 1030 1060 
Hom/G005 1010 1070 
Hom/G006 1020 1040 
Hom/G007 1090 1080 
Hom/G008 1030 1160 
Hom/G009 1110 1060 
Hom/G010 1160 1020 
Grand mean 1047  
Cochran's test  
C 0.383  
Ccrit 0.602  
C<Ccrit? NO OUTLIERS  
Target s = σH Horwitz: 166  
sx 41  
sw 51  
ss 19  
Critial = 0.3σH 50  
ss<critical? ACCEPTED  
sw<0.5σH? ACCEPTED  


 
 CYA in milk powder µg/kg 
Sample number Replicate 1 Replicate 2 
Hom/G001 1440 1400 
Hom/G002 1410 1380 
Hom/G003 1410 1410 
Hom/G004 1410 1380 
Hom/G005 1410 1400 
Hom/G006 1410 1400 
Hom/G007 1380 1410 
Hom/G008 1400 1400 
Hom/G009 1400 1390 
Hom/G010 1410 1400 
Grand mean 1403  
Cochran's test  
C 0.340  
Ccrit 0.602  
C<Ccrit? NO OUTLIERS  
Target s = σH Horwitz: 150  
sx 8.3  
sw 15  
ss 0  
Critial = 0.3σH 64  
ss<critical? ACCEPTED  
sw<0.5σH? ACCEPTED  
 


  







Milk 
 
 MEL in milk µg/kg 
Sample number Replicate 1 Replicate 2 
Hom/I001 1510 1480 
Hom/I002 1480 1510 
Hom/I003 1510 1470 
Hom/I004 1470 1480 
Hom/I005 1490 1490 
Hom/I006 1480 1500 
Hom/I007 1490 1450 
Hom/I008 1480 1500 
Hom/I009 * * 
Hom/I010 1490 1520 
Grand mean 1498  
Cochran's test  
C 0.235  
Ccrit 0.638  
C<Ccrit? NO OUTLIERS  
Target s = σH Horwitz: 224  
sx 11  
sw 19  
ss 0  
Critial = 0.3σH 67  
ss<critical? ACCEPTED  
sw<0.5σH? ACCEPTED  
*Outlier according to Cochran 


 
 CYA in milk µg/kg 
Sample number Replicate 1 Replicate 2 
Hom/I001 624 583 
Hom/I002 583 591 
Hom/I003 606 591 
Hom/I004 590 588 
Hom/I005 610 611 
Hom/I006 572 565 
Hom/I007 575 559 
Hom/I008 585 576 
Hom/I009 577 568 
Hom/I010 623 669 
Grand mean 592  
Cochran's test  
C 0.464  
Ccrit 0.602  
C<Ccrit? NO OUTLIERS  
Target s = σH Horwitz: 103  
sx 24  
sw 15  
ss 21  
Critial = 0.3σH 31  
ss<critical? ACCEPTED  
sw<0.5σH? ACCEPTED  
 


  







Soy milk 
 
 MEL in soy milk µg/kg 
Sample number Replicate 1 Replicate 2 
Hom/K001 1060 1150 
Hom/K002 1120 1170 
Hom/K003 1130 1140 
Hom/K004 1160 1160 
Hom/K005 1180 1150 
Hom/K006 1150 1160 
Hom/K007 1170 1150 
Hom/K008 1110 1120 
Hom/K009 1180 1190 
Hom/K010 1180 1120 
Grand mean 1148  
Cochran's test  
C 0.509  
Ccrit 0.602  
C<Ccrit? NO OUTLIERS  
Target s = σH Horwitz: 180  
sx 24  
sw 28  
ss 13  
Critial = 0.3σH 54  
ss<critical? ACCEPTED  
sw<0.5σH? ACCEPTED  


 
 CYA in soy milk µg/kg 
Sample number Replicate 1 Replicate 2 
Hom/K001 922 935 
Hom/K002 931 948 
Hom/K003 935 915 
Hom/K004 944 922 
Hom/K005 945 918 
Hom/K006 930 941 
Hom/K007 902 940 
Hom/K008 933 934 
Hom/K009 958 965 
Hom/K010 931 933 
Grand mean 934  
Cochran's test  
C 0.391  
Ccrit 0.602  
C<Ccrit? NO OUTLIERS  
Target s = σH Horwitz: 151  
sx 11  
sw 14  
ss 5.3  
Critial = 0.3σH 45  
ss<critical? ACCEPTED  
sw<0.5σH? ACCEPTED  
 
  







Chocolate 
 
 MEL in chocolate µg/kg 
Sample number Replicate 1 Replicate 2 
Hom/O001 812 837 
Hom/O002 828 813 
Hom/O003 834 818 
Hom/O004 813 836 
Hom/O005 830 828 
Hom/O006 * * 
Hom/O007 846 788 
Hom/O008 770 669 
Hom/O009 707 683 
Hom/O010 646 701 
Grand mean 781  
Cochran's test  
C 0.542  
Ccrit 0.638  
C<Ccrit? NO OUTLIERS  
Target s = σH Horwitz: 130  
sx 65  
sw 32  
ss 61  
Critial = 0.3σH 39  
ss<critical? NOT ACCEPTED: Not homogenous 
sw<0.5σH? ACCEPTED  
*Misinjection 


 
 CYA in chocolate µg/kg 
Sample number Replicate 1 Replicate 2 
Hom/O001 911 947 
Hom/O002 964 930 
Hom/O003 975 936 
Hom/O004 961 942 
Hom/O005 918 912 
Hom/O006 * * 
Hom/O007 932 887 
Hom/O008 946 896 
Hom/O009 870 923 
Hom/O010 885 941 
Grand mean 926  
Cochran's test  
C 0.211  
Ccrit 0.638  
C<Ccrit? NO OUTLIERS  
Target s = σH Horwitz: 150  
sx 21  
sw 29  
ss 4.0  
Critial = 0.3σH 45  
ss<critical? ACCEPTED  
sw<0.5σH? ACCEPTED  
*misinjection 
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Dear participant, 
 
Thank you very much for your interest in the collaborative study for the analysis of 
melamine and cyanuric acid in food. 
Hereby I send you a parcel containing 14 randomly coded samples for the study.  
 
Please fill out the accompanied ‘acknowledgement of receipt form’ and return it 
immediately upon receipt of the samples, preferably by e-mail. 
Instructions: 


- After arrival store the samples at +4°C.  
- Upon arrival of the materials, please check the weight of the two ampoules 


on an analytical scale and report these weights back to ingrid.elbers@wur.nl.  
- Homogenize them according to your laboratory’s procedures. 
- Please analyze the samples according to the prescribed method “Food 


analysis – Determination of melamine and cyanuric acid in foodstuffs LC-MS-
MS method”. Please closely adhere to this protocol. Small changes should be 
documented. Substantial changes should be agreed upon beforehand with 
Stefan van Leeuwen (Stefan.vanLeeuwen@wur.nl).  


- Carry out a single analysis for each sample.  
- The deadline for reporting your results is May 30th 2014. Please note that 


data submitted after this date will not be included in the study report.  
- Please use the web application for entering your results  


(https://crlwebshop.wur.nl/apex/f?p=307:1000) 
 


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


 
Please contact me if you have any questions or need any assistance. 
 
With kind regards, 
 


 


Ingrid Elbers 
 



mailto:Stefan.vanLeeuwen@wur.nl

mailto:Stefan.vanLeeuwen@wur.nl

https://crlwebshop.wur.nl/apex/f?p=307:1000
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1 Foreword 


This document (TC  WI 00275246 ) has been prepared by Technical Committee CEN/TC 275/WG 13-  “Food 
analysis - Horizontal methods”, the secretariat of which is held by NEN. This document is a working 
document. 
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2 Scope 


This European Standard is applicable to the determination of melamine and cyanuric acid in milk based 
products (powder, full fat milk, skimmed milk), infant formula (milk and soya based), soya and wheat based 
products (drinks, biscuits, vegetarian products), cacao based products (chocolate, chocolate milk, candy bars) 
and milk based sweets (toffee). The method is suitable for the determination of melamine and cyanuric acid at 
the appropriate MRL in food. The limit of quantification (LOQ) for melamine and cyanuric acid in food is 
respectively 0,05 mg/kg and 0,25 mg/kg. The upper limit of the working range is up to 10- 25 mg/kg  


3 Normative references 


The following documents, in whole or in part, are normatively referenced in this document and are 
indispensable for its application. For dated references, only the edition cited applies. For undated references, 
the latest edition of the referenced document (including any amendments) applies. 
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4 Terms and definitions 


For the purposes of this document, the following terms and definitions apply. 


4.1 limit of detection (LOD) 


Smallest measured content, from which it is possible to deduce the presence of the analyte with reasonable 
statistical certainty 


Note 1 to entry: The limit of detection is numerically equal to three times the standard deviation of the mean of blank 
determinations (n > 10). 


4.2 limit of quantification (LOQ) 


Lowest content of the analyte that can be measured with reasonable statistical certainty 


Note 1 : If both accuracy and precision are constant over a concentration range around the limit of detection, then the limit 
of quantification is numerically equal to six times the standard deviation of the mean of blank determinations (n > 10). 


Note 2 : Limit of quantification should be in the range of about one fifth of the level of interest. 


4.3 Maximum limit (ML) 


Maximum content of either melamine or cyanuric acid permitted or acceptable in food. 


 
4.4 melamine content 


Mass fraction of substance determined by the procedure specified in this standard. 


 
4.5 Cyanuric content 


Mass fraction of substance determined by the procedure specified in this standard. 


5 Principle 


A test portion of the homogenous  food sample is fortified with 13C labelled internal standards (melamine and 
cyanuric acid).  After incubation for at least one hour water is added to the sample and after shaking the slurry 
is dissolved in acetonitrile and water. The sample is shaken and after centrifuged. After separation of the 
phases an aliquot is injected into a LC-MS-MS system. The triple quadrupole mass spectrometer is coupled to 
either high-performance liquid chromatography (HPLC) or to ultra-performance liquid chromatography 
(UPLC). Chromatography is based on hydrophilic interaction liquid chromatography (HILIC). Ionization is 
achieved by electrospray ionization (ESI) in multiple reaction monitoring (MRM). 
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6 Reagents and materials 


Use only reagents of recognized analytical grade and with purity suitable for melamine and cyanuric acid 
analysis. Check the purity of the reagents and reference materials (e.g. standard solutions) by performing a 
blank test under the same conditions as used in the method. The chromatogram should not show any 
interfering impurity at the retention time of compounds of interest. 


WARNING — The use of this European Standard can involve hazardous materials, operations and 
equipment. This standard does not purport to address all the safety problems associated with its use. 
It is the responsibility of the user of this European Standard to establish appropriate safety and health 
practices and to determine the applicability of regulatory limitations prior to use. 


6.1 Chemicals: 


6.1.1 Water, for chromatography use, CAS No 7732-18-5  


6.1.2 Formic acid 98- 100%, , CAS No 64-18-6 


6.1.3 Acetonitrile HPLC gradient grade, CAS No 75-05-8 


6.1.4 Ammonium acetate for molecular biology, approx. 98%, CAS No 631-61-8 


6.1.5 Mobile phase A HPLC H2O (6.1.1) with 10 mM ammonium acetate (6.1.4) Dissolve 0.77 gr Ammonium 
acetate (6.1.4) in 1000 ml H2O (6.1.1) 


6.1.6 Mobile phase B HPLC Acetonitrile (6.1.3) 


6.1.7 Mobile phase A UPLC water (6.1.1)/ formic acid (6.1.2)(97/3) 


6.1.8 Mobile phase B UPLC acetonitrile(6.1.3)/ water (6.1.1) (97/3) with 20 mM ammonium acetate (6.1.4) 
Dissolve 1.54 gr ammonium acetate (6.1.4) in 30 ml H2O (6.1.1). Add 970 ml acetonitrile (6.1.3) to the mixure 
and shake firmly. The turbid mixture will clear overnight. 


6.1.9 Dilution solution: Transfer using measuring cylinders, 70 ml of acetonitrile (6.1.3) and 30 ml of water 
(6.1.1) into a 100 ml one-mark volumetric flask (6.2.3) and mix. Store at room temperature for no longer than 
one month. 


6.1.10 Methanol HPLC gradient grade, CAS No 67-56-1 
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6.2 Materials: 


6.2.1 Disposable polypropylene carbonate tube of approximately  50 ml  


6.2.2 100 ml Amber glass flask  


6.2.3 50 ml one-mark volumetric flask 


6.2.4 10 ml one mark volumetric flask 


6.2.5 Shaking machine, adjustable 0-300 strokes per minute 


6.2.6 Ultra sonication bath 


6.2.7 Centrifuge with the capability to centrifuge 50 ml tubes 6.2.1 


6.2.8 Centrifuge with the capability to centrifuge Standard Micro Test Tubes 6.2.9 


6.2.9 Standard Micro Test Tubes, 1,5 ml volume 


6.2.10 Vials for LC  


6.2.11 Liquid Chromatograph triple quadrupole mass spectrometer consisting of : 


Pump system enable a gradient at the required flow  


injector capable to inject 5 µl. 


6.2.12 HILIC TSK-gel Amide-80 3.0 x 100 mm, 3 µm 


6.2.13 UPLC BEH HILIC 2.1 x 150 mm, 1.7 µm 


6.2.14 100 ml one-mark volumetric flask 


6.2.15 20 ml amber flask 


6.2.16 5 ml one-mark volumetric flask 


 


6.3 Melamine and Cyanuric acid and their labelled analogues: 


6.3.1 Melamine 99+%, solid, CAS No 108-78-1 


6.3.2 Cyanuric Acid, solid,  CAS No 108-80-5 


6.3.3 Benzoguanamine, solid, CAS No 91-76-9 


6.3.4 Melamine 13C3, 99%; Amino-15N3, 98%, solution 1000 µg/ml, CAS No NA 


6.3.5 Cyanuric Acid 90%+ U-13C3, 99%; U-15N3, 98%, solution 1000 µg/ml, CAS No NA 
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6.4 Preparation of stock solutions 


6.4.1 Melamine (1000 µg/ml) 


Weigh 100 mg (± 0.01 mg) of melamine (6.3.1) in a 100 ml amber glass flask (6.2.2) and add 100 ml water 
(6.1.1) to achieve a concentration of 1000 µg/ml. Store the solution in a refrigerator at 4 °C (± 3 °C). The 
solution is tenable under these conditions during at least 1 years if the weight is carefully controled. 


6.4.2 Cyanuric acid (1000 µg/ml) 


Weigh 100 mg (± 0.01 mg) of cyanuric acid (6.3.2) in a 100 ml amber glass flask (6.2.2) and add 100 ml water 
(6.1.1) to achieve a concentration of 1000 µg/ml. Store the solution in a refrigerator at 4 °C (± 3 °C). The 
solution is tenable under these conditions during at least 1 years if the weight is carefully controled. 


6.4.3 Benzoguanamine (1000 µg/ml) 


Weigh 100 mg (± 0.01 mg) of benzoguanamine (6.3.3) in a 100 ml amber glass flask (6.2.2) and add 100 ml 
methanol 6.1.10to achieve a concentration of 1000 µg/ml. Store the solution in a refrigerator at 4 °C (± 3 °C). 
The solution is tenable under these conditions during at least 1 years if the weight is carefully controled. 


6.4.4 13C Melamine (20 µg/ml) 


Dilute 1.0 ml 13C melamine (6.3.4) in 50 ml water (6.1.1) in a 50 mL volumetric flask (6.2.3). The final 
concentration is 20 µg/ml. Transfer this solution to a 100 ml amber glass flask (6.2.2). The solution is tenable 
under these conditions during at least 1 years if the weight is carefully controled. 


6.4.5 13C Cyanuric Acid (20 µg/ml) 


Dilute 1.0 ml 13C melamine (6.3.5) in 50 ml water (6.1.1) in a 50 ml volumetric flask (6.2.3).The final 
concentration is 20 µg/ml. Transfer this solution to a 100 mL amber glass bottle (6.2.2). The solution is tenable 
under these conditions during at least 1 years if the weight is carefully controled. 


6.5 Preparation of diluted stock solutions 


6.5.1 Melamine (1) (20 µg/ml) 


Pipet 1.0 ml of the melamine stock solution (6.4.1) in a volumetric flask of 50 ml (6.2.3). Fill up to 50 ml with 
dilution solution (6.1.9) and mix. Concentration is 20 µg/ml.  Transfer this solution to a 100 ml amber glass 
flask (6.2.2) and store it in a refrigerator at 4◦C (± 3◦C). The solution is tenable under these conditions during at 
least 1 month if the weight is carefully controlled. 


6.5.2 Cyanuric acid (1) (20 µg/ml) 


Pipet 1.0 ml of the cyanuric acid stock solution (6.4.2) in a volumetric flask of 50 ml (6.2.3). Fill up to 50 ml 
with dilution solution (6.1.9) and mix. Concentration is 20 µg/ml.  Transfer this solution to a 100 ml amber 
glass flask (6.2.2) and store it in a refrigerator at 4◦C (± 3◦C). The solution is tenable under these conditions 
during at least 1 month if the weight is carefully controlled. 
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6.5.3 Melamine (2) (0.2 µg/ml) 


Pipet 1.0 ml of the stock solution (6.5.1) in a volumetric flask of 100 ml (6.2.14). Fill up to 100 ml with dilution 
solution (6.1.9) and mix. Concentration is 0.2 µg/ml.  Transfer this solution to a 100 ml amber glass flask 
(6.2.2) and store it in a refrigerator at 4◦C (± 3◦C). The solution is tenable under these conditions during at 
least 1 month if the weight is carefully controlled. 


6.5.4 Cyanuric acid (2) (0.2 µg/ml) 


Pipet 1.0 ml of the stock solution (6.5.2) in a volumetric flask of 100 ml (6.2.14). Fill up to 100 ml with dilution 
solution (6.1.9) and mix. Concentration 0.2 µg/ml.  Transfer this solution to a 100 ml amber glass flask (6.2.2) 
and store it in a refrigerator at 4◦C (± 3◦C). The solution is tenable under these conditions during at least 1 
month if the weight is carefully controlled. 


6.5.5 Benzoguanamine (1) (20 µg/ml) 


Pipet 1.0 ml of the Benzoguanamine stock solution (6.4.3) in a volumetric flask of 50 ml (6.2.3). Fill up to 50  
ml with dilution solution (6.1.9) and mix. Concentration is 20 µg/ml.  Transfer this solution to a 100 ml amber 
glass flask (6.2.2) and store it in a refrigerator at 4◦C (± 3◦C). The solution is tenable under these conditions 
during at least 1 month if the weight is carefully controlled. 


6.5.6 Benzoguanamine (2) (2 µg/ml) 


Pipet 1.0 ml of the benzoguanamine stock solution (6.5.5) in a volumetric flask of 10 ml (6.2.4). Fill up to 10 ml 
with dilution solution (6.1.9) and mix. Concentration is 2 µg/ml. Transfer this solution to a 20 ml amber glass 
flask (6.2.15) and store it in a refrigerator at 4◦C (± 3◦C). The solution is tenable under these conditions during 
at least 1 month if the weight is carefully controlled. 


6.5.7 13 C melamine and 13 C Cyanuric Acid (2 µg/ml) 


Pipet 0.5 ml of the 13 C melamine stock solution (6.4.4) and 0.5 ml of the 13 C cyanuric acid stock solution 
(6.4.5) in a volumetric flask of 5 ml (6.2.16) Fill up to 5 ml with water (6.2.4) and mix. Concentration for both 
compounds is 2 µg/ml. Transfer this solution to a 20 ml amber glass flask (6.2.15) and store it in a refrigerator 
at 4◦C (± 3◦C). The solution is tenable under these conditions during at least 1 month if the weight is carefully 
controlled. 
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6.6 Preparation standard curve 


Pipet the below indicated volumes in a 10 ml one mark volumetric flask (6.2.4) and fill up to the mark with the dilution solution  (6.1.9). 


Table 1: Preparation of calibration curve 


Melamine (1)  
(20 µg/ml) [ml] 
(6.5.1) 


Cyanuric acid 
(1) (20 µg/ml) 
[ml] (6.5.2) 


Melamine (2)  
(0.2 µg/ml) [ml] 
(6.5.3)  


Cyanuric 
acid (2)    
(0.2 µg/ml) 
[ml] (6.5.4) 


Benzoguanamine 
(2 µg/ml) [ml] 
(6.5.6) 


 


13 C melamine and 
13 C Cyanuric Acid 
(2 µg/ml) [ml] 
(6.5.7) 


Concentration 
label [µg/ml] 


Concentration native 
[µg/ml] 


0 0 0 0 0.5 0.5 0,1 0 


0 0 0,05 0,05 0.5 0.5 0,1 0,001 


0 0 0,25 0,25 0.5 0.5 0,1 0,005 


0 0 1.25 1.25 0.5 0.5 0,1 0,025 


0 0 2.5 2.5 0.5 0.5 0,1 0,05 


0.05 0.05 0 0 0.5 0.5 0,1 0,1 


0.25 0.25 0 0 0.5 0.5 0,1 0,5 
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7 Apparatus 


All technical descriptions are examples of possible system setups and parameters and have to be scaled or 
adopted to the user’s equipment.  


8 Sampling 


Sampling is not part of the method, however the sample should be truly representative and not damaged or 
changed during transport or storage. A recommended sampling method is given in EN ISO 6497[15.1]. 


9 Preparation of test sample 


Prepare the test sample in accordance with EN ISO 6498.[15.2] 


All milk based products e.g. full fat milk, skimmed milk, raw milk and chocolate milk warm to 40◦C and shake 
gently. 


If necessary all dry products based on milk, soy or wheat  e.g. milk powder, infant formula and biscuits have to 
be milled < 1 mm2. 


All milk or cacao based product e.g. chocolate, candy and sweets (toffee) have to be cryogenic milled using 
e.g. liquid nitrogen after cutting in small cubes ≤1 cm2. 


10 Procedure 


10.1 General 


Analyse the following samples in each series: 


 procedure blank (n = 1); 


 (certified) reference material at appropriate level or a home made reference sample; 


 all samples (maximum per serie 20). 


The procedure blank should be free of contaminants at or above the limits of quantification. 


12 







TC  WI 00275246:2012 (E) 


11 Extraction 


11.1 General 


The sample amount used for extraction is 1 gram. Deviations of sample intake should be taken into account in 
the formula’s in 13.5 (M = sample intake in gram). 


The internal standard consisting of 13C-labelled congeners (6.4.4 and 6.4.5) shall be added directly onto the 
sample before extraction. 


11.1.1 Procedure 


Weigh 1 gram (± 0.01 g) of sample in a disposable tube (6.2.1). Add 250 µl of 13C melamine  (6.4.4) and 13C 
cyanuric acid (6.4.5). Incubate for at least 1 hour. Add 5 ml water (6.1.1) and shake for 30 seconds to obtain a 
slurry. Add 5 ml acetonitrile (6.1.3) and shake again. Mix the slurry with 30 ml acetonitrile (6.1.3) and 10 ml hot 
water (95-100°C) (6.1.1). Shake well for 5 minutes and centrifuge for 10 min at 3600 rpm. Transfer 1.5 ml of 
the extract into a standard micro test tube 1.5 ml (6.2.9) and centrifuge 10 min at 9000 RPM. Transfer from 
the upper layer 1000 µl into a LC vial (6.2.10) and add 50 µl benzoguanamine (6.5.6). 
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12 Liquid chromatography triple quadrupole MS (LC-MS/MS)  


12.1 High-Performance Liquid Chromatography (HPLC) parameters 


The mass spectrometer is operated alternating for positive and negative ions in two different windows. 
Window 1 is for the positive ions (MEL), window 2 is for the negative ions (CYA). The window defining 
retention times are determined before each serie by analysing a standard solution of melamine and cyanuric 
acid first in the positive mode and after that in the negative mode for the time of the gradient. 
 
 Note : Transitions can differ, depending the Triple Quadrupole MS. The parameters should be determined by 
infusion of  the melamine and cyanuric acid  and optimizing the cone energy and the collision energy for the 
transition. 
 
 
Source    (ES-)  (ES+) 
Capillary (kV)   3.00  2.70 
Cone (V)   25  35 
Source temperature (°C) 120  120 
Desolvation temperature (°C) 350  350 
Cone glas flow (L/Hr)  190-193 190-193 
Desolvation glas flow (L/Hr) 560-565 560-565 
Collision Cell Pressure (mbar) ± 2.61 e-3 ± 2.61 e-3 


 


Analyser 
LM 1 resolution    12.5  14.0 
HM 1 resolution   12.5  14.0 
Ion energy 1   1.0  1.0 
LM 2 resolution    12.5  13.0 
HM 2 resolution   12.5  13.0 
Ion energy 2   1.0  1.0 
Multiplier (V)   650  650 
 
 


Table 2: MRM parameters HPLC 


Analyte Transition Ionisation mode Dwell time (s) Cone (V) Collision energy (eV) 
CYA 128>85 


128>42 
ES- 0.2 


0.2 
25 
25 


10 
15 


CYA IS 134>89 
134>44 


ES- 0.2 
0.2 


25 
25 


10 
15 


MEL 127>85 
127>68 


ES+ 0.2 
0.2 


35 
35 


20 
30 


MEL IS 133>89 
133>71  


ES+ 0.2 
0.2 


35 
35 


20 
30 


BENZ IS 188>85 
188>104 


ES+ 0.2 
0.2 


35 
35 


20 
25 


 
Inter channel delay (s)  0.010 
Interscan time (s)  0.100 
Injection volume (µL)  5  
Column Temperature (°C) 40  
Solvent delay start 1 (min) 0 
Solvent delay end 1 (min) 3.5 
Solvent delay start 2 (min) 15  
Solvent delay end 2 (min)  23  
Time MRM ES- (min)  4  - 8.5 
Time MRM ES+ (min)  1.5 – 4 ; 8.5 -16  
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Mobile phase A   Water with 10 mM ammonium acetate (6.1.5) 
Mobile phase B   Acetonitrile (6.1.6) 
Column    HILIC TSK-gel Amide-80 3.0 x 100 mm, 3  µm (6.2.12) 
 


Table 3: Gradient parameters HPLC 


 Time (min) Flow (ml/min) %A %B 
1 Initial 0.25 10 90 
2 8.00 0.25 10 90 
3 13.00 0.25 65 35 
4 14.00 0.25 90 10 
5 15.00 0.25 90 10 
6 15.50 0.25 10 90 
7 25.00 0.25 10 90 


 


Note Depending on the LC-MS/MS system the parameters might need to be slightly adjusted. 


Alter alternatively a UPLC system can be used , see 12.2 


12.2 Ultra-Performance Liquid Chromatography (UPLC) parameters  


The mass spectrometer is operated alternating for positive and negative ions in two different windows. 
Window 1 is for the positive ions (MEL), window 2 is for the negative ions (CYA). The window defining 
retention times are determined before each serie by analysing a standard solution of melamine and cyanuric 
acid first in the positive mode and after that in the negative mode for the time of the gradient. 
 
Source    (ES-)  (ES+) 
Capillary (kV)   3.00  2.70 
Cone (V)   30  35 
Source temperature (°C) 120  120 
Desolvation temperature (°C) 350  350 
Cone gas flow (L/Hr)  190-193 190-193 
Desolvation gas flow (L/Hr) 560-565 560-565 
Collision Cell Pressure (mbar) ± 2.61 e-3 ± 2.61 e-3 


 


Analyser 
LM 1 resolution    12.5  15.0 
HM 1 resolution   12.5  15.0 
Ion energy 1   1.0  1.0 
LM 2 resolution    12.5  15.0 
HM 2 resolution   12.5  15.0 
Ion energy 2   1.0  1.0 
Multiplier (V)   650  650 
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Table 4: MRM parameters UPLC 


Analyte Transition Ionisation mode Dwell time (s) Cone (V) Collision energy (eV) 
CYA 128>85 


128>42 
ES- 0.05 


0.05 
25 
25 


10 
15 


CYA IS 134>89 
134>44 


ES- 0.05 
0.05 


25 
25 


10 
15 


MEL 127>85 
127>68 


ES+ 0.05 
0.05 


35 
35 


20 
30 


MEL IS 133>89 
133>71  


ES+ 0.05 
0.05 


35 
35 


20 
30 


BENZ IS 188>85 
188>104 


ES+ 0.2 
0.2 


35 
35 


20 
25 


 
Inter channel delay (s)  0.010 
Interscan time (s)  0.030 
Injection volume (µL)  5  
Column Temperature (°C) 40  
Time MRM ES- (min)  0 - 2 
Time MRM ES+ (min)  2 -10  
Mobile phase A   water/ formic acid (97/3) (6.1.7) 
Mobile phase B   acetonitrile/ water (97/3) with 20 mM ammonium acetate (6.1.8) 
Column    UPLC BEH HILIC 2.1 x 150 mm, 1.7 µm (6.2.13) 
 


Table 5: Gradient parameters UPLC (split ratio 1:1) 


 Time (min) Flow rate (ml/min) %A %B 
1 Initial 0.7 0 100 
2 1.00 0.7 0 100 
3 3.20 0.7 6.0 94 
4 3.50 0.7 50 50 
5 5.00 0.7 50 50 
6 5.20 0.7 0 100 
7 9.00 0.7 0 100 


12.2.1 Preparation of the system 


Equilibrate liquid chromatographic system under the recommended operating conditions. 


12.2.2 Tune the LC-MS/MS system 


Every two weeks the LC-MS/MS is checked with a sodium iodide solution for the correct mass calibration (six 
theoretical masses of the sodium iodide solution are used for this within the mass-range of 50-1250). Only 
when there is a difference observed  between the measured and the theoretical mass, the system will be 
calibrated.  


12.2.3 Checking Instrument settings 


Inject 5 µl of a medium calibration level, and check peak shape and retention times for melamine and cyanuric 
acid. 


12.2.4 Checking sensitivity of the system 


Inject 5 µl of the lowest calibration level. The signal to noise of melamine of transition  127.0>85.1 and of 
cyanuric acid of transition 128.1>85.3 shall be at least 6. If not, appropriate action has to be taken, for 
example by cleaning the cone  or by changing the analytical column (bad peak shape).  
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12.2.5 Determination 


Inject 5 µl of the calibration standard solutions (1 to 8) (6.6) and 5 µl of   sample extracts fraction. Identify 
melamine and cyanuric acid  peaks on basis of retention time, transitions  and ion ratio. Determine the amount 
of melamine and cyanuirc acid  by comparing the area of the sample peaks with those of the known amount of 
the corresponding melamine and cyanuric acid  peaks in the calibration standard solutions. Calibration is 
based on isotope dilution principle. 
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13 Calculation and expression of results 


13.1 General 


Before processing all data, the retention times of all compounds of interest are checked and, if necessary, 
modified in the processing method. After processing of the data, every result is manually checked for correct 
integration. 


Check for every sample the area of the 13C-labelled compounds. Calculate the ratio between the area of the 
compound of interest compare to the labelled compounds. Check the linear scope of the concentration and 
ratio of the calibration standard measured prior and after the samples.  


A calibration curve encompassing the concentration range is prepared for each compound to be determined. 
The Response Factor (RF) (labelled to native) vs. concentration in standard .solutions is plotted or computed 
using a linear regression. Relative response is determined according to the procedures described below. The 
response of the compounds to its labelled analogue is determined using the area under the curve relating to 
the responses of both the primary and secondary exact m/z values, for each calibration standard. 


Calibration by Isotope Dilution: Isotope dilution calibration is used for melamine and cyanuric acid for which 
labelled compounds are added to samples prior to extraction. A calibration curve encompassing the 
concentration range is prepared for each compound to be determined. The Response Factor (RF) (labelled to 
native) vs. concentration in standard .solutions is plotted or computed using a linear regression. Relative 
response is determined according to the procedures described below. The response of melamine  and 
cyanuric acid relative to its labelled analogue is determined using the area under the curve relating to the 
responses of both the primary and secondary exact m/z values, for each calibration standard. 


Linearity: If the relative response for of melamine  and cyanuric acid is constant (less than 20 % coefficient of 
variation) over the calibration range, an averaged RRF may be used for that compound. The coefficient of 
variation for any 13C labelled compound shall be less than 30 %. Use at least five-point internal standard 
calibration (EPA method 1613), force the intercept through zero, and calculate the correlation coefficient r2. 


13.2 Calibration criteria 


The sample results should fit within the range of the calibration curve. When a result exceeds the thresholds 
of the calibration curve the sample should be diluted and reanalysed until it fits within the calibration curve. 


13.3 Identification and confirmation 


The compounds of interest are identified on retention time, transition and individual transition ratio (mrm). The 
relative intensities of the detected ions, expressed as ratio, shall correspond to those obtained in the 
calibration curve with an accepted deviation as mentioned  in Table 6: Relative intensities. 
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13.4 Criteria  


Melamine and cyanuric acid are identified on retention time and transition ratio (mrm).The relative intensities 
of the detected ions, expressed as a percentage of the intensity of the most intense ion, shall correspond to 
those of the calibration standard, measured under the same conditions within the following tolerances, see 
Table 6: Relative intensities. 


Table 6: Relative intensities 


Relative intensity (% of base peak) Relative tolerances 


> 50% ± 10% 


> 20% to 50% ± 15% 


> 10% to 20% ± 20% 


< 10% ± 50% 


 


The ratio of the chromatographic retention time of melamine and cyanuric acid to that of 13 C melamine (6.4.4) 
and the 13 C cyanuric acid (6.4.5), the relative retention time, shall correspondent to that of the calibration 
solution at a tolerance ± of 2.0%. 


 
13.5 Calculation 


Calculation of the response factor for native compounds from the standard curve: 


 
AQ
QA=RRF


isx


isx
(n) ×


×
 (1) 


 
where 


Ax is the response (sum of two transitions) of melamine  and cyanuric acid; 


Ais is the response (sum of two transitions) of 13C melamine  and 13C cyanuric acid; 


Qis is the amount of 13C melamine  and 13C cyanuric acid  µg/ml; 


Qx is the amount of native component µg/ml. 
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Consequently, the averaged relative response factor is calculated: 


 (n)RRFm
=RRF i


m


=i
(n) Σ×


1


1
 (3) 


where 
 


m is the number of standards (concentration levels); 


n is the native component; 


i is the calibration level. 


 
 
Calculation concentration component melamine  and cyanuric acid  


The content component of interest is calculated by: 


RRFDIVA
QA=C


(n)is


isx
x


××
×


 (5) 


where 
 


Cx is the content of melamine  and cyanuric acid mg/kg; 


Ax is the response (sum of two transitions) of melamine  and cyanuric acid in sample extracts; 


Ais is the response (sum of two transitions) of 13C melamine  and 13C cyanuric acid in sample extracts; 


Qis is the amount of injected labelled internal standard µg/ml; 


DIV is the calculation factor from concentration (µg/ml) to content on sample basis (mg/kg) = M/V, 


   where 


     V is final volume in ml; 


     M = sample intake in g. 


RRF(n) is the relative response factor.  
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14 Precision 


An interlaboratory comparison will  be organized by RIKILT, Institute of Food Safety in the Netherlands  


 


Test report 


The test report shall specify the following information: 


a) information about the samples used for this ring trial; 


b) spiking levels of all compound/matrix combinations; 


c) statistical calculation on suspected values and outliers; 


d) Z-score information; 


e) assigned values and 95 % confidence interval; 


f) calculations on coefficient of variations; 


g) Horwitz coefficient of variations; 


h) HORRAT Value; 


i) accuracy. 


 


15 Literature 


 


15.1 EN ISO 6497 


15.2 EN ISO 6498 
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		6.2.1 Disposable polypropylene carbonate tube of approximately  50 ml

		6.2.2 100 ml Amber glass flask

		6.2.3 50 ml one-mark volumetric flask

		6.2.4 10 ml one mark volumetric flask

		6.2.5 Shaking machine, adjustable 0-300 strokes per minute

		6.2.6 Ultra sonication bath

		6.2.7 Centrifuge with the capability to centrifuge 50 ml tubes 6.2.1

		6.2.8 Centrifuge with the capability to centrifuge Standard Micro Test Tubes 6.2.9

		6.2.9 Standard Micro Test Tubes, 1,5 ml volume

		6.2.10 Vials for LC

		6.2.11 Liquid Chromatograph triple quadrupole mass spectrometer consisting of :

		6.2.12 HILIC TSK-gel Amide-80 3.0 x 100 mm, 3 µm

		6.2.13 UPLC BEH HILIC 2.1 x 150 mm, 1.7 µm

		6.2.14 100 ml one-mark volumetric flask

		6.2.15 20 ml amber flask

		6.2.16 5 ml one-mark volumetric flask



		6.3 Melamine and Cyanuric acid and their labelled analogues:

		6.3.1 Melamine 99+%, solid, CAS No 108-78-1

		6.3.2 Cyanuric Acid, solid,  CAS No 108-80-5

		6.3.3 Benzoguanamine, solid, CAS No 91-76-9

		6.3.4 Melamine 13C3, 99%; Amino-15N3, 98%, solution 1000 µg/ml, CAS No NA

		6.3.5 Cyanuric Acid 90%+ U-13C3, 99%; U-15N3, 98%, solution 1000 µg/ml, CAS No NA



		6.4  Preparation of stock solutions

		6.4.1 Melamine (1000 µg/ml)

		6.4.2 Cyanuric acid (1000 µg/ml)

		6.4.3 Benzoguanamine (1000 µg/ml)

		6.4.4 13C Melamine (20 µg/ml)

		6.4.5 13C Cyanuric Acid (20 µg/ml)



		6.5 Preparation of diluted stock solutions

		6.5.1 Melamine (1) (20 (g/ml)

		6.5.2 Cyanuric acid (1) (20 (g/ml)

		6.5.3 Melamine (2) (0.2 (g/ml)

		6.5.4 Cyanuric acid (2) (0.2 (g/ml)

		6.5.5 Benzoguanamine (1) (20 (g/ml)

		6.5.6 Benzoguanamine (2) (2 (g/ml)

		6.5.7 13 C melamine and 13 C Cyanuric Acid (2 µg/ml)



		6.6 Preparation standard curve



		7 Apparatus

		8 Sampling

		9 Preparation of test sample

		10 Procedure

		10.1 General



		11  Extraction

		11.1 General

		11.1.1 Procedure





		12  Liquid chromatography triple quadrupole MS (LC-MS/MS)

		12.1 High-Performance Liquid Chromatography (HPLC) parameters

		12.2 Ultra-Performance Liquid Chromatography (UPLC) parameters

		12.2.1 Preparation of the system

		12.2.2 Tune the LC-MS/MS system

		12.2.3 Checking Instrument settings

		12.2.4 Checking sensitivity of the system

		12.2.5 Determination





		13  Calculation and expression of results

		13.1 General

		13.2 Calibration criteria

		13.3 Identification and confirmation

		13.4  Criteria

		13.5 Calculation



		14  Precision

		15 Literature

		15.1 EN ISO 6497

		15.2 EN ISO 6498
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Annex 5 Statistical evaluation for proficiency 
tests 


The statistical evaluation of the proficiency test part was carried out according to the International 
Harmonized Protocol for the Proficiency Testing of Analytical Laboratories [1], elaborated by ISO, IUPAC 
and AOAC and ISO 13528 [2] in combination with the insights published by the Analytical Methods 
Committee [3,4] regarding robust statistics. 
 
For the evaluation of the results the consensus value, the uncertainty of the consensus value, a standard 
deviation for proficiency assessment and z-scores were calculated.  


1.1 Calculation of the consensus value (X) 


The consensus value (X) was determined using robust statistics [2,3,4]. The advantage of robust 
statistics is that all values are taken into account: outlying observations are retained, but given less 
weight. Furthermore, it is not expected to receive normally distributed data in a proficiency test. When 
using robust statistics, the data does not have to be normally distributed in contrast to conventional 
outlier elimination methods. 
 
The robust mean of the reported results of all participants, calculated from an iterative process that 
starts at the median of the reported results using a cut-off value depending on the number of results, 
was used as the consensus value [2,3].  


1.2 Calculation of the uncertainty of the assigned  
value (u) 


The uncertainty of the consensus value is calculated to determine the influence of this uncertainty on the 
evaluation of the laboratories. A high uncertainty of the consensus value will lead to a high uncertainty of 
the calculated participants za-scores. If the uncertainty of the consensus value and thus the uncertainty 
of the za-score is high, the evaluation could indicate unsatisfactory method performance without any 
cause within the laboratory. In other words, illegitimate conclusions could be drawn regarding the 
performance of the participating laboratories from the calculated za-scores if the uncertainty of the 
consensus value is not taken into account. 
 
The uncertainty of the consensus value (the robust mean) is calculated from the estimation of the 
standard deviation of the consensus value and the number of values used for the calculation of the 
consensus value [2]: 
 


n
u


̂
*25.1


 
 
where: 
u  =  uncertainty of the consensus value;  
n  =  number of values used to calculate the consensus value;  







σ̂  =  the estimate of the standard deviation of the consensus value resulting from robust statistics. 
 
According to ISO 13528 [8] the uncertainty of the consensus value (u) is negligible and therefore does 
not have to be included in the statistical evaluation if: 
 
u ≤ 0.3σP 


where: 
u  =  The uncertainty of the consensus value; 
σP =  Standard deviation for proficiency assessment (§1.3). 
 
In case the uncertainty of the consensus value does not comply with this criterion, the uncertainty of the 
consensus value should be taken into account when evaluating the performance of the participants 
regarding the accuracy (§1.4). In case the uncertainty is > 0.7σP the calculated z-scores should not be 
used for evaluation of laboratories' performance and are presented for information only. 


1.3 Calculation of the standard deviation for proficiency 
assessment (σP) 


According to Commission Decision 2002/657/EC [6], the coefficient of variation for the repeated analysis 
of a reference or fortified material under reproducibility conditions, shall not exceed the level calculated 
by the Horwitz equation. The Horwitz equation, σH = 0.02c0.8495, presents a useful and widespread 
applied relation between the expected relative standard deviation of a singular analysis result under 
reproducibility conditions, and the concentration, c (g/g). It expresses inter-laboratory precision 
expected in inter-laboratory trials. Therefore, this relation is suitable for calculating the standard 
deviation for proficiency assessment. 
 


1.4 Performance characteristics with regard to the accuracy 


For illustrating the performance of the participating laboratories with regard to the accuracy a za-score is 
calculated. For the evaluation of the performance of the laboratories, ISO 13528 [2] is applied. According 
to these guidelines za-scores are classified as presented in Table 1.  
 
 


Table 1 
Classification of za-scores. 


|za|  2 Satisfactory 
2 < |za| < 3 Questionable 


 |za|  3 Unsatisfactory 


 
 
If the calculated uncertainty of the consensus value complies with the criterion mentioned in §1.2, the 
uncertainty is negligible. In this case the accuracy z-score is calculated from: 
 


P
a


Xxz




-


 Equation I 


 
where: 
za =  accuracy z-score; 
x  =  the average result of the laboratory; 







X  =  consensus value; 
σP =  standard deviation for proficiency assessment. 
 
However, if the uncertainty of the consensus value does not comply with the criterion mentioned in §1.2, 
it could influence the evaluation of the laboratories. Although, according to ISO 13528 in this case no z-
scores can be calculated if a consensus value is used as the consensus value, we feel that evaluation of 
the participating laboratories is of main importance justifying the participating laboratories' effort. 
Therefore in this case, the uncertainty is taken into account by calculating the accuracy z-score [2]: 
 


22
P


a
u


Xx'z




-


 Equation II 


 
where: 
z'a =  accuracy z-score taking into account the uncertainty of the consensus value; 
x   =  the average result of the laboratory; 
X  =  consensus value; 
σP =  standard deviation for proficiency assessment; 
u =  uncertainty of the consensus value. 
 
 
Literature: 
 
 
1  Thompson M, Ellison SL,Wood R. 2006. The International Harmonized Protocol for the Proficiency 


Testing of Analytical Chemistry Laboratories. Pure Appl. Chem. 78(1):145-196. 
 
2  ISO 13528:2005(E). 2005. Statistical methods for use in proficiency testing by inter-laboratory 


comparison, 1st edition. 
 
3  Analytical Methods Committee. 1989. Robust statistics - How not to reject outliers Part 1.  


Basic concepts. Analyst 114:1693-1697.  
 
4  Analytical Methods Committee. 1989. Robust statistics - How not to reject outliers Part 2.  


Inter-laboratory trials. Analyst. 114:1699-1702. 
 
5 Commission Decision 2002/657/EC. 12 August 2002. Implementing Council Directive 96/23/EC 


concerning the performance of analytical methods and the interpretation of results. Off J Eur 
Commun L 221:67A-76A. 
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Annex 6 Modifications to method 


 


PT365  ESI settings changed due to different type of LC-MS 


PT371 Different chromatographic conditions (mobile phase, gradient, flow rate, injection 
volume, final solution for extract 


PT377  Reported only melamine results 


PT380  Different chromatographic conditions (column, mobile phases, gradient) 


  Did not calculate response factors, but generated calibration functions. 
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Annex 7 Reported concentrations


Melamine


mg/kg
C D E F G H I J K L O P


PT365 1.7969 1.6358 1.024 1.0225 1.2192 1.2252 1.6318 1.6729 1.7573 1.2176 1.0042 0.98662
PT366 1.32 1.29 0.772 0.78 1.01 1.07 1.49 1.49 1.18 1.15 0.83 0.828
PT367 1.13 1.03 0.52 0.58 0.81 0.8 1.2 1.21 0.85 0.85 0.44 0.5
PT369 0.97 0.89 0.57 0.57 0.76 0.68 1.17 1.2 0.82 0.89 0.57 0.58
PT371 1.13 1.6 0.47 0.96 1.11 0.9 1.61 1.64 1.12 1.13 0.31 0.35
PT375 1.09 1.03 0.7 0.67 0.9 1.01 1.59 1.5 1.09 0.87 0.71 0.71
PT377 1.219 1.291 0.602 0.466 1.322 1.255 1.484 1.338 0.984 0.96 0.659 0.658
PT379 1.4 1.3 1.3 0.8 1.4 1.3 1.4 1.4 1 1.2 0.8 1.3
PT380 1.19 1.27 0.672 0.714 0.955 0.924 1.38 1.4 0.982 0.971 0.73 0.767


Cyanuric acid


mg/kg
C D E F G H I J K L O P


PT365 0.96843 0.92028 0.94281 0.95815 1.3096 1.4406 0.60934 0.62275 1.0182 1.0304 0.9872 0.96101
PT366 0.823 0.916 0.966 0.887 1.41 1.4 0.61 0.611 0.945 0.918 0.918 0.912
PT367 0.57 0.71 0.36
PT369 0.96 0.87 0.95 1.07 1.53 1.48 0.6 0.54 1.02 0.93 1.08 1
PT371 2.46 3.65 2.31 3.49 3.1 2.97 1.57 0.44 1.48 1.55 1.62 1.75
PT379 0.6 0.6 0.9 0.6 1.7 1.3 0.4 0.5 0.7 1.1 0.7 1.1
PT380 0.754 0.895 0.932 0.952 1.48 1.48 0.622 0.62 0.997 1.03 1.02 0.963


infant formula infant formula soy milk powder milk soy milk milk chocolate


infant formula infant formula soy milk powder milk soy milk milk chocolate





		Blad1
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Annex 8 Overview z-scores


Melamine


z-scores infant formula infant formula soy milk powder milk soy milk milk chocolate
C/D E/F G/H I/J K/L O/P


PT365 2.32 2.81 0.95 0.90 2.57 no
PT366 0.32 -0.68 0.02 0.23 0.76
PT367 -0.78 -0.68 -1.18 -0.94 -1.01 statistcal
PT369 -1.51 -0.97 -1.61 -1.02 -0.98
PT371 0.61 -1.06 -0.16 0.78 0.54 evaluation
PT375 -0.87 -0.12 -0.41 0.46 -0.28
PT377 0.08 0.40 1.29 -0.09 -0.32 appropriate
PT379 0.54 2.62 1.60 -0.14 0.40
PT380 -0.05 0.55 -0.49 -0.18 -0.30


Cyanuric acid


z-scores infant formula infant formula soy milk powder milk soy milk milk chocolate
C/D E/F G/H I/J K/L O/P


PT365 0.36 0.12 -0.43 0.09 0.34 -0.09
PT366 -0.13 -0.03 -0.31 0.03 -0.25 -0.46
PT367 -1.82 -3.91
PT369 0.17 0.50 0.11 -0.38 0.03 0.32
PT371 14.15 12.31 6.54 4.07 3.48 4.38
PT379 -1.89 -1.13 0.09 -1.61 -0.45 -0.56
PT380 -0.43 0.07 0.01 0.14 0.27 0.02





		Blad1
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Annex 9 Graphs z-scores 
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No graph for melamine in chocolate due to high variation of results. 
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